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Caligmamizda kamu sektorii ve dijital doniisiim i¢in 6nemli bir stratejik arag olan kurumsal kaynak
planlama yazilimlar1 degerlendirilmektedir. Kurumsal kaynak planlama yazilimlar: kamu sektorii
icin oldukg¢a degerli bir yazilim araglaridir. Basit bir yazilimdan farkli, kapsamli ve stratejik
araglardir. Isletme fonksiyonlarini kapsayan, kritik degerde dijital doniisiim araglaridir.
Calismada, “kamu yo6netimi”, “kurumsal kaynak planlama”, “belediyeler”, “devlet ve kurumsal
kaynak planlama yazilimi” arama sozciikleri ile Google Scholar ve Web of Science iizerinde
aramalar gergeklestirilmistir. Bu sayede ulusal ve uluslararasi literatiirden faydalanilarak kurumsal
kaynak planlama yazilimlarinin kamu y6netim agisindan tartisilmas: hedeflenmistir. Ayrica, alan
uzmanlan i¢in kapsamli bir degerlendirme sunulmustur. Tiirkiye’de ve diinyada basarili ve
basarisiz kurumsal kaynak planlama projeleri ve ¢alismalar1 bu sayede degerlendirilebilmis ve
basar1 ve basarisizlik faktorleri kapsamli bir sekilde ele almmustir. Ayrica kurumsal kaynak
planlama i¢in yapay zeka teknlojisini i¢ine alan en giincel yaklasim olan akilli kurumsal kaynak
planlama konusunda degerlendirmede bulunulmustur. Bu yoniiyle Tiirkge literatiirde
gerceklestirilen en derin ve kapsamli ¢aligma olarak ifada edilebilir.
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Our study undertakes the evaluation of enterprise resource planning (ERP) software, a crucial
strategic tool for the public sector and digital transformation. These software solutions hold
significant value for the public sector, distinguishing themselves as comprehensive and strategic
tools beyond basic applications. They encompass business functions and serve as critical
components in digital transformation initiatives. The study involved searches on Google Scholar
and Web of Science using keywords such as "public administration", "enterprise resource
planning", "municipalities”, "government", and "enterprise resource planning software". Through
this approach, we aimed to draw upon national and international literature to discuss the
implications of ERP software for public administration. Furthermore, a comprehensive evaluation
was provided for domain experts. This enabled the assessment of successful and unsuccessful
enterprise resource planning projects and studies in Turkey and globally, allowing for a thorough
examination of success and failure factors. Additionally, an evaluation was conducted on the most
current approach for enterprise resource planning, which incorporates artificial intelligence
technology, known as intelligent enterprise resource planning. Thus, this study can be considered
as one of the most profound and comprehensive works conducted in the Turkish literature on this
subject matter.
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1. GIRIS (INTRODUCTION)

Kurumsal Kaynak Planlama (KKP) sistemi, bir
kurumun ¢esitli fonksiyonlarmi entegre ederek
kaynaklar1 etkin ve verimli bir sekilde yonetmesini
saglayan paketlenmis bir i yazilimi sistemidir.
Kurumsal sistemler, isletme birimleri arasinda diizenli
ve sorunsuz bir bilgi akis1 saglamaktadir [1]. KKP
sistemi, satict tarafindan gelistirilen veya entegre
edilen ve her miisterinin Ozel ihtiyaglarina gore
uyarlanabilen bir dizi standart islevsel modiilden
(Gretim, satig, insan kaynaklari, finans, vb.) olusan
entegre bir yazilim paketidir. Bu sayede bir sirketteki
tim birimlerin 6zel ihtiyaglarina cevap verebilecek
entegre bilgisayar sistemi olusturulmaktadir [2].

KKP, kurulusun tiim ¢esitli departmanlarini
birbirine baglayarak bilgilerin biiyiik 6l¢iide ve gercek
zamanli olarak aktarilmasina yardimci olan bir
yazilim arag setidir [3]. KKP’nin amaci, sirketin tiim
verilerini tek bir yerde birlestirmek ve bilgi sistemi
yardimiyla ~ kurum  hakkinda  detayll  bilgi
verebilmektir [4]. KKP’nin merkezi bir veri tabanina
dayanan entegre bir ¢6ziim oldugu, zaman, maliyet,
hata ve isgiicii veri analizini en aza indirerek ve
raporlarin problem ¢dézme icin yenilik¢i yollarla
planlanmasinin yani sira kurulusun paydaslartyla
etkilesime girerek muazzam faydalar saglayabilecegi
sOylenebilir[5]. Scurtu ve Lupu [6] kurumsal kaynak
planlamasinin avantajlarin1 isletme maliyetlerinin
azaltilmasi, satig siireclerinin iyilestirilmesi, siparis
karsilama diizeyinin artirilmasi, nakit akismnin
iyilestirilmesi, magaza optimizasyonu, iiretim
faaliyetlerinin etkin yOnetimi, karar alma siirecinin
kolaylagtiritlmas1 ~ olarak  siralamistir.  Nitekim
1990’1larm basinda bu yana KKP’ler, birgok tilkedeki
(6rnegin ABD ve Avrupa gibi Bati iilkeleri ile Cin ve
Hindistan gibi Pasifik Asya iilkeleri) birgok sektor
(6rnegin imalat firmalari, bankalar, {iniversiteler ve
hastaneler) ve farkli biiyiikliikteki (6rnegin sadece
biiyiik sirketler degil, ayn1 zamanda kiigiik ve orta
olgekli isletmeler veya KOBI’ler de dahil olmak
tizere) isletmede kullanilmaktadir.  Ayrica son
donemde  ¢esitli  devletlerde i siireclerini
kolaylastirmak ve ¢esitli teknolojilerin sagladigi kamu
hizmetlerini desteklemek igin Ozellikle e-devlet
teknolojilerinin  merkezinde kurumsal kaynak
planlama sistemleri kullanilmaya baslanmistir[7].

Caligmamizda bilgi sistemleri merkeze alinarak
oncelikle Web of Science literatiirdeki ilgili literatiir
taranmistir. Ardindan kurumsal kaynak ydnetimi,
kamu sektorii ve benzeri konu basliklar1 ile Google
Scholar {izerinden gergeklestirilen sistemli bir tarama
ile kurumsal kaynak planlamanin 6nemi kamu sektorii
ve kamu yonetim i¢in degeri ortaya konulmustur.
Ozellikle Web of Science {izerinde kamu yonetimi

alaninda kurumsal kaynak planlama igerigi ile ilgili az
sayida aragtirmaya rastlanmistir. Farkli arama
sozciikleri ile kamu yonetimi, kurumsal kaynak
planlama, belediyeler, devlet ve kurumsal kaynak
planlama yazilimi gibi sozciikleri ile arama
gercgeklestirilmistir. Bu sayede alandaki ulusal ve
uluslararast literatiirden faydalanilarak 6zellikle dijital
doniistim stratejik bir ara¢ olan kurumsal kaynak
planlama yazilimlarimin ve yaklasiminin  kamu
yonetim acisindan tartigilmasit hedeflenmistir. Ek
olarak, alan uzmanlar1 i¢in kapsamli  bir
degerlendirme sunulmustur. Tiirkiye’de ve diinyada
basarili ve basarisiz kurumsal kaynak planlama
projeleri ve calismalari bu sayede
degerlendirilebilmis, basar1 ve basarisizlik faktorleri
kapsamli bir sekilde ele alinmigtir. Kamu sektorii igin
Onemi bir ara¢ ve yaklasim olan konu basligi

aragtirmamiz  sayesinde kapsamli bir sekilde
degerlendirmekte, kamu yonetimi i¢in 6nemini, art1 ve
eksi yonlerini kapsaml bir sekilde
degerlendirmektedir.

2. KURUMSAL KAYNAK PLANLAMA VE
OZELLIKLERI (THE TERM ERP AND ITS APPLICATIONS)

Gilinlimiizde diinya genelindeki tiim kurum ve
kuruluglar organizasyon yapilari iginde bilgi akisini
iyilestirmek, is siire¢lerini kolaylastirmak,
tedarikcilerle  baglantilar ~ kurmak, maliyetleri
azaltmak, {iriin cesitliligi sunmak ve misterilerin
beklentilerini kargilamak i¢in miisteriye yanit verme
stiresini  kisaltmak i¢in bilgi teknolojisine ihtiyag
duymaktadir[8]. Bu noktada KKP, kurumlarin tim
bilgi teknolojisi ihtiyaglarini karsilamak gibi bir amag
ile ortaya c¢ikmaktadir. KKP, basarili bir sekilde
uygulandiginda bir kurulus igindeki tim is
fonksiyonlarim1 yonetmek ve entegre etmek igin
kullanilabilecek entegre yazilimlardan olusan is
yonetim sistemidir. Bu kiimeler genellikle finans ve
maliyet muhasebesi, satis ve dagitim, malzeme
yonetimi, insan kaynaklari, iiretim planlama ve
bilgisayarla biitiinlesik {iretim, tedarik zinciri ve
miisteri  bilgilerine yonelik bir dizi olgun is
uygulamasini ve aracini icermektedir [9],[10]. Scurtu
ve Lupu [6] KKP’nin temel karakteristik 6zelliklerini
su sekilde siralamistir: Bilgi teknolojisi ekipmanina
giicli yatirim, donanimsal olarak kurumsal kaynak
planlama, kurumsal kaynak planlama isletim
sistemleri, kurumsal kaynak planlama mimarisi ve
kurumsal kaynak planlama sistemlerinin {ireticileri.

Kazmi ve Maintyméki [11] is ortamindaki
dinamizm  ve  siiregelen  degisim  ihtiyaci,
organizasyonlart is stratejileri hakkinda yeniden
diistinmeye, degisen kosullara hizla yanit vermeye ve
ileri teknolojik yenilikleri benimsemek igin etkin bir
sekilde rekabet etmeye yonelttigini ifade etmistir. Su
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anda, KKP, tedarik zinciri, stok kontrolii, Uretim
planlamasi, tiretim satig destegi, miisteri iliskileri
yonetimi, insan kaynaklar1 ve diger bazi veri odakli
yonetim prosediirlerinden faaliyetleri

bilgisayarlagtirmaya ¢alisan ¢ok sayida sektore hizmet
vermektedir. Nitekim KKP giintimiizde hem {iretim
hem de hizmet kuruluslar1 tarafindan tercih
edilmektedir[12].

Finans -
B 2
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Otomasyonu P Tedarik/Satin Alma
2 L €3
E-ticaret I e
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Sekil 1. 13 Kurumsal Kaynak Planlama Modiilii ve Onlarin Ozellikleri [15] (13 Enterprise Resource Planning
Module and Their Features)

Escobar-Rodriguez ve digerleri [13], KKP’yi
bir¢ok isletme tarafindan maliyetlerin azaltilmasina
ve verimliligin artirtlmasina yardimci olmak igin
kullanildigint ifade etmistir. Chen [10] ise KKP’nin
bir igletmenin tiim alanlarin1 kapsayan cok islevli bir
bakis acist sagladigimi ve biitiinlesik yapilar
nedeniyle ayni bilgilerin farkli alanlar tarafindan
paylasilabildigini a¢iklamistir. Dechow ve Mouritsen
[14] ise kurumsal kaynak planlama yazilimini daha
¢ok bir muhasebe araci gibi degerlendirmigtir. KKP
muhasebe sistemleri, muhasebe ve biitge verilerinin
ve ilgili raporlarin tek bir merkezi veritabanina
entegre edilmesi siireclerini kolaylastirarak, bilgilerin
gesitli organizasyonel konumlarindan alinmasina
olanak tanimaktadir. Bilgi yeniliklerinin uygulanmasi
ayni zamanda geligmis veri kalitesi ve analitik

yetenekler treten daha iyi analitik araglara ve
muhasebe degisikliklerine de katkida bulunmaktadir.

McCue [15], bir kurumsal kaynak planlama
aracinin, arka ve on ofis rolleri de dahil olmak {izere
isin ¢esitli yonlerine gore uyarlanmis 6zellik paketleri
olan pek ¢ok modiilden olustugunu ifade etmisledir.
Bu kimi zaman finansal bilgilerin ve tedarik zinciri
yonetimi ve miisteri iletigimi gibi temel islevlerin
otesine gecebilmektedir. Nitekim Sekil 1’de Oracle
Net Suite KKP modiilleri gosterilmektedir. Buna gore
KKP sadece tim departmanlara giincel bilgi
saglamakla kalmamakta, ayni zamanda sirketlere
herhangi bir andaki durumlarinin net sekilde ortaya
koymaktadir[16]. Leandro ve digerlerine [17] gore,
bir bilgi teknolojisi uygulamas: olan KKP sistemi,
kuruluslarin idari birimleriyle baglanti kurmasina ve
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etkilesimde bulunmasma, veri ydnetimine ve i¢
prosediirlerin  koordinasyonuna olanak saglamasi
nedeniyle en Onemlilerinden biri olarak kabul
edilmektedir. KKP sisteminin amaci, bir bilgi sistemi
yardimiyla tiim sirket verilerini tek bir yerde toplamak
ve bliyiik bir resim sunmaktir[5].

Rao Siriginidi [18], KKP’nin ne zaman ise
yarayacagl noktasinda su sekilde bir ifadede
bulunmustur: “Yiksek kaliteli bir karar vermekle hizli
bir karar vermek arasinda se¢im yapma baskisi altinda
olabilirsiniz. Daha fazla bilgi ekstra dogruluk ve
giiven saglayabilir, ancak daha fazla girdiye ihtiyag
duyulursa yanit gecikecektir. Cogu karar i¢in dogru
bir an vardir. Dogru an, kisinin isi dogru yapmak igin
uzmanhga bagvurabilecegini bildigi an olabilir. Iste o
zaman kurumsal kaynak planlama gibi araclar ise
yarar”. Dolayist ile kamu sektorii i¢inde hangi
alanlarda veya hangi tiirlerde cevap verebilecegi
noktasindaki sorular sirasiyla literatiir ger¢evesinde
ele alinmaktadir.

3. AKILLI KURUMSAL KAYNAK PLANLAMA

(AKKP) YAKLASIMI (INTELLIGENT ENTERPRISE
RESOURCE PLANNING (ERP) APPROACH)

Aslinda hizla degisen ve doniisen teknoloji
toplumlart ve insanlari da doniistiirmektedir. Bu
degisen yapr miisteri portfoyiinii, verilen hizmeti ve
bu hizmetin kayit siireclerini de doniistiirmektedir. Bu
durum elbette kamu sektorii i¢in dijital ve doniisen bir
toplum ve yeni bir vatandas tiirii ile iligkilendirilebilir.
Kurumlarin kaynak yonetimi de tiim bu doniisim
icinde farklilagmaktadir. Bu noktada en one ¢ikan
elbette son yillarda oldukga popiiler olan yapay zeka
teknolojisi olup akilli kurumsal kaynak planlama ile
literatiirii  bulusturmustur. Akilli kurumsal kaynak
planlama (AKKP), is siireglerini gelistirmek ve
otomatiklestirmek igin yapay zeka, makine 6grenimi,
dogal dil isleme ve analitik gibi ileri teknolojilerden
yararlanan yeni nesil kurumsal kaynak planlama
sistemi olarak ifade edilebilir. AKKP’nin tahmine
dayali analitik, otomasyon, dogal dil isleme,
kisisellestirme, ger¢ek zamanli i¢ gorii elde etmek gibi
ozelliklere  sahiptir.  Genel olarak kurumlara,
isletmelere operasyonlarini optimize etme, g¢evikligi
artirma ve glinlimiiziin hizli dijital ekonomisinde
rekabet avantaji kazanma firsati sunmaktadir. Gergek
zamanli verilerden beslenerek elde edilen veriyi
yonetim  siireglerinde kullanabilme yetenegi One
citkmakta  ve Ozellikle raporlama  konusunda
kurumlara 6nemli avantajlar sunmaktadir. Gaspar ve
digerlerine [19] gore, yapay zekanin kurumsal kaynak
planlama sistemleriyle entegrasyonu siirecleri
otomatiklestirerek, karar almayr hizlandiracagini ve
artan verimlilikle birlikte isletmelerin ¢alisma seklini
doniistiirebilecegini iddia etmistir.

Rajesh [20] AKKP’nin siirece muhtemel katkilarini
su sekilde siralamistir: Gelistirilmis is siireci,
giivenlik iyilestirme, raporlamada iyilestirme, uygun
fiyatli, is zekasi, tahmin, gelismis analitik,
gelismis analitik, kolay entegrasyon, envanter ve
depo yonetimi, Ozellestirme, insan kaynaklari ve
bordro yonetimi. Akilli kurumsal kaynak planlama
ile dikkat ¢eken bir diger nokta is zekasi basliginin
one ¢ikmasi olmustur. Akilli kurumsal kaynak
planlamanin gegmisten en Onemli farki yapay
zeka temelli tahminler ortaya koymasi ve gelecek
konjonktiirli yoneticiler i¢in daha yapisal
gosterebilmesidir. Bu noktada is zekasi onemli bir
ara¢ olarak ortaya ¢ikmaktadir. Damar ve digerleri
[21] arastirmalarinda is  zekasini; farkli
kaynaklardan beslenen veri ambarlarini, veri
madenciligini ve diger istatistiksel yontemleri
biitiinlesik olarak kullanabilen; anlamli, gorselligi
zengin ve amaca uygun raporlar sunan bir teknoloji
olarak ifade etmislerdir. Is zekas: teknolojisi pek ¢ok
farkli alanda kendine uygulama alam
bulmaktadir. Karar destek sistemi araci olarak [22],
endiistri 4.0 c¢aginin getirdigi tedarik zinciri
yonetiminin daha iyi koordinasyonu i¢in [23] veya
pek cok iiniversitenin birlikte ¢alisabilme yetenegini
analiz edebilmek i¢in [24].

Yang [25] yapay =zekanin ve buna bagh
teknolojilerdeki gelismeleri ¢ok Onemsemis ve
kurumsal kaynak planlamay1r da donistiirdiigtini
ifade etmistir. Kurumsal kaynak planlama ile yapay
zeka ile birlestirildiginde  daha  akillh  KKP
¢ozliimleri olustugunu belirtmistir. Bu sayede ¢ok

sayida  verinin  islenebilecegini, siireglerin
iyilestirilebilecegini ve sorunlarin daha fazla
ongoriilebilir olacagini  belirtmistir. Ayrica
Morrison [26] yapay zeka teknolojisinin dahil
edilmesinin KKP’nin potansiyelini artirdigini
ifade etmistir. Yapay zeka destekli kurumsal
kaynak planlama yazilmmi  kullanmak,

igsletmeleri daha verimli hale getirebilir, paradan
tasarruf edebilir ve daha esnek hale getirerek onlara
pazarda avantaj saglayabilir. Iste Sekil 2
iizerinde yapay zeka destekli kurumsal kaynak
planlama’nin avantajlari gosterilmektedir.

Terralink [27], AKKP’yi basarili  dijital
doniisiimiin temel tas1 olarak ifade etmislerdir. Bu
konuda en biylik sistemlerden biri olan SAP
Intelligent Erp System Sap S/4Hana {irliniinii bu
noktada ortaya ¢ikarmistir. AKKP konusunda her ne
kadar SAP 06n plana ¢iksa da baska firmalarin da bu
konuda yazilimlart mevcuttur. Ornegin Microsoft
Dynamics 365 Finance & Operations gibi akill
kurumsal kaynak planlama sistemleri akilli
makineleri, lojistik sistemlerini, {iretim ekipmanlarini,
finansal sistemleri ve ger¢cek zamanli panolar
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birbirine baglamaktadir. Temel finans ve operasyon
islevlerini  kapsayan bu  sistem, sirketlerin
otomatiklestirilmis ve optimize edilmis is siiregleri
sunmasina olanak taniyan ug¢ teknolojilerle (Makine
Ogrenimi, yapay zeka, ileri analitik, nesnelerin

Otomatik Siireg is Akislan

Artan Uretkenlik ve
Verimlilik

Geligtirilmis Musteri ve
Calisan Deneyimi

Gelistirilmis Karar Alma

interneti) birlikte calismaktadir. iste bu tir AKKP
sistemleri ile daha yalin ve dogru bir isleyis
saglanarak ve firmanm i¢ ve dis yonlerine iligkin
eksiksiz izlenmesi miimkiin hale gelmektedir [28].

Veri Analitiginde Daha iyi
icgoriiler

iyilestirilmis Raporlama ve
Tahmin

Otomasyon ve Azaltilmig
insan Hatasi

Optimize Edilmis Uretim

Sekil 2. Yapay Zeka Destekli Kurumsal Kaynak Planlama’nin Avantajlar1 [26] (Advantages of Artificial
Intelligence Supported Enterprise Resource Planning)

4. KURUMSAL KAYNAK PLANLAMASINDA
BASARI FAKTORLERI, KAMU SEKTORU VE
DENETIM SURECLERINE ETKISI (success
FACTORS IN ENTERPRISE RESOURCE PLANNING, PUBLIC
SECTOR AND ITS IMPACT ON AUDIT PROCESSES)

Liimatainen'e [29] gore bir kamu kurulusunun
hedefleri arasinda kamu hizmeti sunumunun kalitesini
ve performansini artirmak ve daha verimli ve etkin bir
kamu sektoriine ulagsmak yer almaktadir. Daha iyi
hizmet sunumu hedefi kamu kaynaklarmi KKP’ye
aktarma kararinin temel nedenidir. Dolayisiyla
belediyelerden tniversitelere kadar pek c¢ok kamu
kurumu ig¢inde verimlilik ve etkinlikten bahsederken
KKP’yi de agiklamak yerinde olacaktir.

KKP, kamu sektorii acisindan etkin bilgi ve
iletisim teknolojileri saglamaya yonelik 6nemli bir
teknolojik gelismedir [30]. Oyle ki KKP, bilgiyi tek
bir veritabaninda merkezilestirmekte ve bu sayede
veri akigini kolaylastirarak kurum yoneticilerin anlik
ve giivenilir bilgiye erisimini kolaylastirmaktadir
[31]. Ayrica KKP, tiim siireglerin tek bir kaynak
iizerinde toplandig1 bir sistem olarak gerek kurum igi

gerekse dist denetim unsurlart i¢in kapsamlt bir veri
taban1 olusturabilmektedir. Chandiwana ve Pather
[32]’e gore kamu kurumlari icin KKP devlet
bilgilerini entegre eden merkezi veritabanini
saglayabilir.

Raymond ve digerleri [33] kamu kurum ve
kuruluglarinin, daha verimli bir yonetim ve
vatandaglara daha iyi hizmet sunabilmek amaciyla, e-
devlet icin temel teknolojik altyapi olarak KKP’ye
yatinm yapiklarimi ve KKP’nin kamu sektoriinde
yarattigi ilgi ve bu sektoriin kendine has 6zelliklerinin,
kamu kurumlarinda KKP’e 6zel gereksinimlerin daha
derinlemesine arastirtlmasi geregini ifade etmislerdir.

Fiaz ve digerleri [34]'ne gore KKP rapor
olusturma, kritik bilgilere hizli erisim, daha iyi bir
iriin ve maliyet planlamasma imkan vermektedir.
Buradaki iiriin kavrami bir belediye i¢in bir tiniversite
veya bir belediye i¢in bir hizmet oldugu gozden
kagirilmamalidir. Arastirmacilar kurumsal kaynak
planlama uygulamasinin bir sonucu olarak yolsuzlugu
azalttiklarin1 da ayrica belirtmislerdir. Bu da denetim
stireglerinin temel amaci i¢in oldukg¢a olumlu bir ¢ikti
olarak goriilebilir.
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2000’1 yillarin bagindan itibaren KKP’nin
benimsenmesine yonelik biiyiik yatirimlar yapilmis ve
buna ek olarak kullanicilarin bu tiir teknolojik
teknikleri kullanmay1 kabul etmesinin Onemine
odaklanmada da Onemli bir artis olmustur[35].
Boylece KKP, kurumlarin yonetiminde kullanilan en
onemli araglardan biri haline gelmistir. Bu sistem;
entegre kaynak yonetimi, otomasyon siiregleri ve bilgi
akisinin ~ optimizasyonu  yoluyla  kurumlarin
verimliligine katkida bulunabilmektedir[36]. Nitekim
devletler daha iyi hizmet sunabilmek i¢in e-devlet
uygulamasint gelistirmeyi hedeflemekte ve buna
yonelik temel teknolojik altyapr olarak KKP’ye
yatirim yapmaktadir [33]. Elbette burada daha diigiik
maliyetle daha iyi hizmet sunulabilmesi de
hedeflenmektedir [37]. Ayrica KKP, bir kurulusun
verimliligi artirmak ve rekabet¢i konumu korumak
icin tim ana is siireglerini entegre etmesine olanak
tanimaktadir [38].

KKP tasarimi, bir kurulusun dogru ve zamaninda
bilgi iiretme yeteneginin gelistirilmesine ve boylece
kurulusun rekabet giiciiniin artirilmasina
dayanmaktadir [39]. Ote yandan Nah ve Delgado [40]
kurumsal kaynak planlama sistemleri literatiiriinden
kritik basar1 faktorlerinin yedi kategorisini ortaya
koymuslardir. Bunlar: (1) is plam1 ve vizyon, (2)
degisiklik yonetimi, (3) iletigim, (4) Kurumsal kaynak
planlama ekibinin bilesimi, becerileri ve tazminati, (5)
yonetim destegi ve sampiyonluk, (6) proje yonetimi,

(7) sistem analizi, se¢imi ve teknik uygulama.

KKP gibi iyi uygulanan bir teknoloji girisimi, eger
dogru sekilde kullanilirsa, kuruluslara is siireclerini
tam entegre edebilmeleri konusunda dogru yola
rehberlik edebilir ve organizasyon genelinde dogru
veri ve bilgilerin sorunsuz, dogru ve kapsamli bir
sekilde paylasilmasii kolaylastiran etkili bir altyap:
saglamaktadir. Bu gergeklik sadece 6zel kurum ve
kuruluglar i¢cin degil kamu kurumlart igin de
gegerlidir. Chandiwana ve Pather [32]’e gore kamu
sektorinde de KKP’ye yonelik farkindalik
olusmustur.

Bekiaris ve Markogiannopoulou [41]’e gore KKP,
devlet kurumlar1 ve genel olarak kamu sektdrii igin
hayati bir teknolojik ¢6ziim olarak kabul edilmelidir.
Hatta KKP, teknolojik bir yiikseltmenin G&tesinde,
hiikiimetin tiim alanlarinda ilgili organizasyonel
degisiklikleri beraberinde getirmektedir. Baran [16]’a
gore, KKP, kamu sektoriindeki dijital doniistim
iizerinde biiyiik bir etkiye sahiptir. Ayrica Scurtu ve
Lupu [6]’'ya gore KKP kamu kurumlar iginde
etkilesimli bir ortam olusturmaktadir. Oyle ki kamu
kurumlari, bilgi ¢aginin mevcut zorluklarmin
iistesinden gelmek ve rekabet avantaji saglamak igin

KKP’yi benimsemektedir. KKP, bir kurumun farkl
boliimleri arasinda serbestce ve zamaninda bilgi
akisini kolaylastirarak yoOnetimin stratejik kararlar
almasina yardimci olmaktadir [42]. Dolayisiyla KKP,
kamu kurumlarinda insan kaynaklarindan sunulan
hizmetlerin denetimine kadar kurumlara miithis bir
denetim ve kontrol imkani1 saglayabilmektedir.

Escobar-Rodriguez ve digerleri [13], saglik
alaninda yaptig1 aragtirmasinda, ozellikle kriz
zamanlarinda kamu kaynaklarinimn her zaman verimli
yonetilmesi gerektigini belirtmistir. Ayrica saglik
sektoriiniin kendine has 6zellikleri nedeniyle 6zellikle
hastaneler konusunda &zel bir ilgiye ihtiyag
duyuldugun belirtmistir. Yoneticilerin, KKP gibi
mevcut kaynaklar1 verimli bir sekilde yonetebilmek
i¢in araglara ihtiyact oldugunu belirtmislerdir.

Diinya ¢apinda bir¢ok kurum, KKP veya bulut
KKP ¢oziimleri gibi yeni sistemleri devreye sokarak
igletme prosediirlerini modernize etmeye
calismaktadir. KKP, isletmenin tiim operasyonel
yapilarinin tamamen entegre olmasini saglamaktadir
[43]. Hatta Alsharari [44]’e¢ gore smirli mali
kaynaklara sahip olan ve sayilar1 giderek artan kamu
kuruluglari, kurum i¢i operasyonel yonetimin
iyilestirilmesinin yan1 sira kurumsal verimlilik ve
etkinligin artirtlmasin da igeren, KKP sistemlerinden
daha gelismis oOzellikler igeren bulut KKP
uygulamasina ge¢gmeyi hedeflemektedir. Buna kargin
Mangiuc [45], KKP’yi yiikseltmenin yiiksek ilk
yatirim ve farkli kullanici bilgisayarlarinda kurulu ¢ok
zaman alict olmasi gibi bazi dogal dezavantajlara
sahip oldugunu vurgulamustir.

Blick ve digerleri [46] ise konuya ¢ok farkli bir
yonde kiiltiirel agidan yaklagmistir. Daha yogun
olarak 0zel sektdrde kullanilan KKP uygulama
yaklagimlarimin kamu sektoriine ozgii kiiltiir ve
diizenlemelere uyarlanmas1 gerektirdigini ifade
etmislerdir. Dolayisiyla kamu sektoriiniin kendine
0zgli dinamikleri dikkate alinarak KKP araclarmi
kurum yoneticileri biinyelerinde kullanabilir. Bu
sayede kurumsal kaynak planlama agisindan yonetim
faaliyetlerini ve bunlarin koordinasyonu daha etkin
yapabileceklerdir. Elbette kamu kurumlari i¢
dinamikleri 06zelinde o6zel isletmelerden farkli
ozelliklere sahiplerdir. Ornegin bir kamu kurumu i¢in
miisteri vatandastir. Miisteri sadakati ise kimi zaman
vatandagin verilen kam hizmetinden memnuniyeti
iken kimi zaman se¢im doneminde kazanilan oydur.
Fakat her ne kadar pek c¢ok farkli 6zelliklere sahip
olunsa da bir organizasyon yapisi i¢inde kurum
faaliyetleri yonetilmekte, isletme icinde pek cok
kaynak yonetilmeyi, siirecler iginde calistirilmayi,
kullanilmay1 ve doniismeyi beklemektedir. Elbette bu
doniisim faaliyetlerinin izlenmesi ve kimi zaman
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raporlanmasi gerekecektir. Ayni zamanda maliyet de
olusacaktir. Tiim bu organizasyon sistemi igindeki
girdi ve ¢iktilar1 saran bir sistem olan KKP kamu
kurumlarinin denetiminde de faydal: olabilir.

Sekil 3°de Tiirkiye‘deki Sayistay’in denetim alani
ve denetledigi kurumlar yer almaktadir. Eger KKP
entegre edilebilirse Sayistay denetiminde fonksiyonel
bir ilerleme gergeklesebilir. Bu tiir kurumsal kaynak
yonetim araglar1 sayesinde denetgiler i¢in miitkemmel
bir sorgu alani olusturularak denetgilerin kayith ve
tutarlt kurum siiregleri {izerinden faaliyetlerdeki
usulstizliiklerin  tespiti  kolaylasacaktir. Bdylece
Tiirkiye 6zelinde Sayistay kurumu ve onun denetim
alan1 icindeki kamu kurumlart ve kaynaklari
degerlendirildiginde merkezi bir denetleme sistemi,
Sayistay denetgilerinin isini olduk¢a kolaylastirabilir.
Bu noktada sorumluluk alani i¢indeki kurumlar iginde
etkin bir kurumsal kaynak planlama sisteminin
faaliyet gostermesi siddetle Onerilebilir. Bu sayede
etkin bir i¢ kaynak ve siire¢ yonetimi gerceklesecek,

DENETiIM ALANI

GENEL YONETIM KAPSAMINDAKI KAMU IDARELERI

Sayistay denetgileri kolaylikla ve eksiksiz bir sekilde
is sireclerini denetleyebilir hale gelebilecektir.
Burada hangi firmadan hangi ad veya versiyon altinda
oldugu 6nemsenmeden tiim Sayistay denetimine giren
kamu kurumlar1 i¢in olmazsa olmaz denetim
faaliyetleri belirlenmesi ve bu faaliyetleri kayit altina
girecek bir bilgi sistemi ingaasi i¢in kurumlar motive
edilmesi gerekmektedir. Bu motivasyon hatta
zorunluluk ile kurumlar disardan temin veya kendi
icinde kuracaklar etkin bir kurumsal kaynak yonetim
sistemleri ile faaliyetlerine daha hakim olabilir,
yonetim fonksiyonlarmi daha kolay icra edebilir ve
Sayistay’in  denetim siireglerini  kolaylastirabilir.
Burada iyi bir i¢ bilgi sistemi yaninda Sayistay’in
detaylandirmasi gereken bir diger unsur ise Sayistay
bilgi sistemini besleyecek iyi bir veri modelinin oraya
konulmasidir. Bu veri modeli Sayistay denetimine
giren tiim faaliyet ve siirecleri icermeli, kayit altina
almali, kurum ziyaretlerinde oldukg¢a fayda saglamali,
uzaktan kurum kaynak yoOnetimi konusunda
denetgilere bilgi sunmasi gerekmektedir.

KAMU IKTISADI TESEBBUSLERI
(ANAYASA/165)

(ANAYASA/160)
s
BUTCE Disi
nh"&- FONUAR

OZEL IDARELER

— BELEDIVELER

B
!_
l

BAGLIIDARELER

MAHALLIIDARE BIRLIKLER!

s MAHALLIIDARELER SIRKETLERI

Sekil 3. Sayistay Denetim Alani [47] (Court of Accounts Audit Area)

5. TARTISMA VE SONUC (DISCUSSION AND
CONCLUSION)

KKP iizerine akademik arastirmalar daha ziyade
ozel sektor ve geligmis tilkeler iizerine odaklanmustir.
Kurumsal kaynak planlama sistemleri denetim olgusu
icin de ¢ok kritik bir noktada oldugu yapmis
oldugumuz c¢alismada goriilmiistiir. Fakat literatiirde
kurumsal kaynak planlamasi ve denetim olgusunu
tartisan ¢aligma sayist oldukca yetersiz goriilmiistiir.
Konun kamu sektorii tizerine incelemesi gerek Tiirkce
literatiirde gerekse Ingilizce literatiirde ¢ok az sayida
gerceklestirilmistir[48]. Calismamiz Tiirkge literatiir

baglaminda  KKP’nin  kamu  sektérii  igin
kullanilabilmesine yonelik boslugu doldurmay1
hedeflemektedir.

Kamu kurumlar1 kamu hizmeti sunum kalitesini ve
performansini artirmay1 hedeflemektedir[49]. Iste
Shafi ve digerleri [5]’e gore KKP merkezi veri
tabanina dayali entegre bir ¢0ziim olarak zaman,
maliyet, hata ve iggiicii veri analizini en aza indirerek
biiyiik faydalar saglayabilmektedir. Ayrica KKP
islevsel olarak esnek bir yapiya sahiptir[50]. Elbette
KKP sadece bir “bilgisayar yazilim projesi” degil,
stratejik bir karar olup organizasyonun tamami
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iizerinde 6nemli etkiye sahip entegre bir sekilde ele
almmalidir[51]. Dolayist ile bu noktada kamu
kurumlar i¢in etki ¢dziimler olarak diisiintilebilir.

KKP’nin kapsam alani degigse de kurumlarin
etkin bir sekilde faaliyetlerini yOnetebilmeleri ig
siireclerinin icten ve digtan en saglikli sekilde
denetlenebilmesi igin olmazsa olmaz faaliyetlerin
kayit altina almarak KKP altinda 6zellikle kamu
kurumlar 6zelinde tasarlanmasi 6nem arz etmektedir.
Bu sayede Tiirkiye 6zelinde Sayistay baska tilkelerde
tim kamu denetim organlarinin faaliyetlerini etkin
sekilde gergeklestirebilmeleri daha muhtemel
olabilecektir. Bununla birlikte KKP karmasik olup
yliksek uygulama maliyeti de s6z konusudur. Hatta
kamu sektoriinde uygulanmasinin zorlu oldugu ve
biiylik yatinm gerektirdigi sdylenebilir[52]. Yani
KKP’nin uygulanmasi ve yazilim lisanslarinin
maliyetleri olduk¢a yiiksek olabilmektedir[48]. Bu
nedenle, kuruluglarin KKP satin alma ve uygulama
planlarini iyi organize etmesi gerekir[53]. Zaglago ve
digerleri [54] ise herhangi bir kurulusta KKP’nin
basaril bir sekilde uygulanmasinin kurumsal kiiltiiri
etkileyebilecegini  ifade etmis ve KKP’nin
uygulanmasinin her kurulus i¢in biiyiik bir kiiltiirel
degisiklige sebep olacagini iddia etmistir. Dolayist ile
kurumun hazir olmasi veya degisim siirecine
yoneticilerin hazir olmasi ve insan kaynagini yeni
stiregler acisindan motive etmelidir[55,56].

Agha ve digerleri [35] ¢alismalarinda liderligin
KKP’nin uygulanmasi igin kritik Oneme sahip
oldugunu belirtmislerdir. Bu oldukg¢a dogru bir ifade
olarak degerlendirilebilir. Ciinkii KKP’nin kurumlarin
is slireclerini ve 1is yapis sekillerini oldukca
degistirmekte ve doniistiirebilmektedir. Dolayisiyla
kurumun genelindeki bilgi iletisim doniisiimiinii ifade
eden KKP, kurum igindeki pek ¢ok farkli birimden ve
personelden olumlu geri bildirimler yaninda olumsuz
geri bildirimler de alabilecektir. Olusan maliyetler ve
kapsamli bir bilgi iletisim doniisiimil yaninda is yapis
sekillerindeki ~ degisimlerde de  direng ile
kargilagilabilir. Dolayisi ile bu dirence karst
koyabilmek ve kurum iginde KKP’nin ideal sekilde
uyumlandirilmast igin 6zverili bir yonetim siireci ve
iyi bir liderlige gereksinim duyulacaktir.

Uluslararas1 literatiir incelendiginde KKP ve
denetim olgusunu tartisan c¢alisma sayisinin da
oldukga sinirli oldugu goriilmiistiir. Nitekim literatiire
katki saglamak amaciyla KKP’nin denetim igin de gok
kritik noktada oldugu ¢aligmamizda vurgulanmustir.
Bu yonde KKP’nin Tiirkiye’deki denetim siireglerinin
¢ok daha etkin gercgeklestirilmesini saglayabilecegi
diistiniilmektedir. Hatta AKKP tahmine dayali
analitik, otomatik karar verme ve kisisellestirilmis
kullanici deneyimleri gibi ek yetenekler saglamak i¢in

yapay zekayr ve diger gelisen teknolojileri
birlestirerek bunu daha da ileriye tastyabilir. Ayrica
bu sistemler biiylik miktarda veriyi analiz edebilir, bu
sayede karmagik siirecleri optimize edebilir,
potansiyel sorunlari tahmin edebilir ve karar alma
stirecini gelistirebilir. Bu sayede daha fazla verimlilik
elde edebilir ve maliyetleri azaltabilir. Yine bu sistem
ile kurumsal ihtiyaglar daha net ortaya konulabilir.
Iste belirtilen tiim bu muhtemel katkilar ve muhtemel
riskler de dikkate alinarak KKP veya AKKP gibi
sistemlerinin mutlaka kamu sektoriinii entegre
edilmesi gerekmektedir.
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Bu ¢alismada, tarim sektdriiniin dijitallesme siirecinde karsilastigi zorluklarin iklim degisikligi
politikalari iizerindeki etkisini arastirmak ve AB'nin bu alandaki politikalarini literatiir destegiyle
analiz ederek, tarim sektdriiniin dijitallesmesine yonelik politikalarin gelistirilmesine ve iklim
degisikligine uyuma katki saglamak amaglanmistir. Bu kapsamda, AB'nin iklim politikalarina
iligkin strateji belgeleri ve politika yayinlart incelenmis, tarim sektoriiniin dijitallesmesine iligkin
politikalarin hedefleri, uygulamalar1 ve sonuglar1 degerlendirilmistir. Ayrica, literatiirdeki
arastirmalar incelenmis ve tarim sektdriiniin dijitallesme siirecinin iklim degisikligi politikalari
iizerindeki etkilerine iliskin bulgular degerlendirilmistir. Tarim sektoriiniin yapis1 geregi
dijitallesme siirecinde yasanan zorluklar, AB’nin yesil gelecek hedeflerine ulagmada etkili
politikalara dncelik verilmesi gerektigini gostermektedir. Literatiir, tarimsal dijitallesmenin iklim
degisikligi politikalarina olumlu katk: saglayabilecegini ortaya koymaktadir. AB'nin uzun vadeli
biitce planlamasinda iklim ve ¢evre odakli yatirimlara ayrilan kaynaklarin artirilmas: da bu
cabalar1 destekleyen Onemli bir adimdir. AB'nin iklim degisikligiyle miicadele ve tarimsal
stirdiiriilebilirlik konularinda daha ileriye yonelik adimlar atmasi, teknoloji ve bilgi transferi gibi
alanlarda daha fazla is birligi yapmasi1 ve uluslararasi ortakliklari giiclendirmesi hedeflerinin
oldugu c¢alismada goriilmektedir. Bu ¢alismada tarimsal dijitallesmenin hizlanmasi ve AB’nin
iklim politikalarina katki yapmasi, tarimsal dijitallesmenin Oniindeki zorluklarin azaltilmasi
yoniinde onerilere yer verilmistir.
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In this study, it is aimed to investigate the impact of the challenges faced by the agricultural sector
in the digitalisation process on climate change policies and to contribute to the development of
policies for the digitalisation of the agricultural sector and adaptation to climate change by
analysing the EU's policies in this field with the support of literature. In this context, the strategy
documents and policy publications on climate policies published by the EU after 2000 were
examined, and the objectives, practices and results of the policies on digitalisation of the
agricultural sector were evaluated. In addition, studies in the literature were examined and the
findings on the effects of the digitalisation process of the agricultural sector on climate change
policies were evaluated. The difficulties experienced in the digitalisation process due to the
structure of the agricultural sector show that effective policies should be prioritised in achieving
the EU's green future goals. The literature reveals that agricultural digitalisation can make a
positive contribution to climate change policies. Increasing the resources allocated to climate and
environment-focused investments in the EU's long-term budget planning is an important step
supporting these efforts. It is seen in the study that the EU aims to take further steps in combating
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climate change and agricultural sustainability, to cooperate more in areas such as technology and
knowledge transfer, and to strengthen international partnerships. In this study, recommendations
are made to accelerate agricultural digitalisation and contribute to the EU's climate policies and to
reduce the challenges to agricultural digitalisation.
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1. GIRIS (INTRODUCTION)

Tarim, insanlarin hayatta kalmasi i¢in gerekli bitkisel
ve hayvansal iriinlerin {dretildigi ve islendigi
faaliyetleri ifade etmektedir. Tarimda tarihsel olarak
onemli degisimler yasanmistir ve giiniimiizde dijital
tarim adi verilen yeni bir doneme girilmistir.

Tarimdaki ilk biiyiik degisim, 20. yiizyilin baslarinda
giftcilerin mekanik ekipman kullanarak
verimliliklerini artirabildikleri mekanizasyon

y

1970-1989

Tarimm 3.0

Tarmm sektdriinde bilgisayar
kullaniminin basladig1
yillardir. Uydu gériintiileri,
veritabanlar1, Karar Destek
Sistemleri ve basit
otomasyon sistemleri

1970 Oncesi

Tarmm 1.0

Ilkel mekanik aletler ve
geleneksel Tarim yaygin

olarak yapilmaktadir. kullanilmigtir. CBS
Tarmm 2.0 kullanilarak arazi
Mekanik ve Elektrik planlamas: ve toprak

sistemlerinin tarimda analizleri yapilmistir.

kullanildig: dénemdir.

devrimiyle gergeklesmistir [1]. Ardindan gelen ikinci
devrim olan yesil devrim, orta yiizyilda yapilan 1slah
caligmalartyla yeni ve verimli {irinlerin elde
edilmesiyle gerceklesmistir ve elektrigin tarimda
kullanilmasi anlamina gelmektedir [2]. 20. yiizyilin
sonlarina dogru hassas tarim ve teknolojik
gelismelerle tigiincli tarim devrimi yasanmis, bilisim
teknolojileriyle tarimsal siireclerin  yOnetimi ve
verimliligi biiyiik olgiide artmistir [3]. Dordiincii
devrim ise Dijital tarim devrimidir ve tarim 4.0 olarak
adlandirilmaktadir (Sekil 1).

A

2010 ve Sonrasi
Tarmm 4.0

1990-2009 Hassas Tarim ve Akilli
Tarum sistemlerinin
Tarim 3.0 Endiistri 4.0 kavrami ile

tarim sektoriinde

kullanildig: yillardar.

Yapay Zeka, Makine
Ogrenme, IoT, Big Data,
VR, Is Zekas, veriye dayali
Karar Destek Sistemleri.
mobil teknolojiler, robotlar,
Metaverse, Blokzincir,
Dijital Ikiz, CBS, 5G, IHA
ve Bulut Biligim gibi
gelismis bilisim
teknolojileri kullanilmistir.

Hassan tarim, dijital tarim
ve akilli tarim kavramlarin
gelistigi yillardir.
Bilgisayarli otomasyon
sistemleri, CBS, veri
madencilidi, veri analiz
uygulamalari, hasat
tahmini, otomatik ilaglama
ve sulama sistemleri,
insansiz hava araglari,
uzaktan algilama ve internet
kullanilmistur.

Sekil 1. Tarim Sektoriinde Bilisim Sistemlerinin Tarihsel Siireglere Gore Gelisimi
(Development of Information Systems in the Agriculture Sector According to Historical Processes)

Tarim 4.0 ile Tarimsal verilerin kullanilmasiyla
ciftcilerin karar verme siireglerinin veri odakli ve
yonlendirici olmasi hedeflenmekte, makineler arasi
iletisim Nesnelerin Interneti (IoT) &ne g¢ikmaktadir
[4]. Tarim 4.0, dronlar, yapay zeka, robotik sistemler,
dikey tarim uygulamalari, internet ve giines enerjisi
gibi wunsurlar1 igermektedir. Tarim 4.0, diinya
nifusunun artan gida ihtiyaglarimi  karsilama
konusundaki zorluklara ¢oziim olusturmakta, tarim
sektoriiniin daha verimli, siirdiiriilebilir ve yenilikgi
bir yapiya kavugmasini saglamaktadir [5].

Iklim degisikligi, tarrm sektoriinii dogrudan
etkileyen ©nemli bir cevresel sorundur. Iklim
degisikliginin etkileri arasinda, kuraklik, sel, sicak
hava dalgalari ve asir1 hava olaylari yer almaktadir. Bu
etkiler, tarimsal tretim miktarm ve Kkalitesini
azaltmakta, gida giivenligini tehdit etmekte ve dogal
kaynaklarmn siirdiiriilebilirligini tehlikeye atmaktadir

[6]. Gida giivenliginin yani sira, iklim degisikligi,
biyogesitlilik  kaybt ve dogal kaynaklarin
stirdiiriilebilir kullanim1 gibi ¢evresel sorunlari da
dogrudan etkilemektedir. Bu nedenle, tarim sektori,
iklim politikalarm1 ve c¢evresel siirdiiriilebilirligi
dogrudan etkilemektedir [7].

Dijitallesme, tarim sektoriiniin ~ verimliligini,
stirdiiriilebilirligini  ve rekabet giiciinii artirma
potansiyeline sahiptir. Tarimsal dijitallesme, iklim
degisikligiyle  miicadelede  6nemli  bir  rol
oynamaktadir. Dijital teknolojiler, tarim sektdriiniin
verimliligini ve siirdiiriilebilirligini artirarak, iklim
degisikliginin etkilerini azaltmasina katki yapmakta,
tarim operasyonlarini daha verimli hale getirmekte,
iklim degisikligiyle miicadeleye ve ¢evresel
strdiiriilebilirligi saglamaya yardimci olmaktadir.
Avrupa Birligi’nin iklim degisikligi politikalari tarim
sektorlinii de i¢ine almakta, gidanin gelecegi ile ilgili
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hedefleri etkilemektedir. 2050'ye kadar diinya
niifusunun 9 milyar1 asacagi tahmin edilmektedir.
Iklim degisikliginin olumsuz etkilerinden kurtularak,
tarim sektoriinde verimliligi artirmak ve birim alandan
daha fazla iiriin elde etme hedefi AB politikalarinda
biliylik 6neme sahiptir. Bu hedeflere ulasmanin en
etkili yolu ise dijital teknolojileri tarimda
kullanmaktir. Bu teknolojiler, daha az ¢cevresel kaynak
kullanarak, iklim degisikligini etkileyen faktorleri ve
iiretim maliyetlerini azaltirken verimliligi artirmakta,
boylece tarimi daha siirdiirtilebilir hale getirmektedir
[8].

Ursula Von Der Leyen (Avrupa Birligi Komisyon
Bagkani), 20 Subat 2020'de yaptig1 aciklamada
Avrupa'nin dijital gelecegi hakkinda nemli konulart
dile getirmistir. Ozellikle dijitallesme ve veri
teknolojilerine odaklanmanin gerekliligini vurgulayan
Von Der Leyen, AB'nin iklim hedeflerine
ulasmasinda akilli sistemlerin onemi ve tarimin
karbon ayak izinin azaltilmasindaki potansiyelini
vurgulamisg, dijital teknolojilerin kullanimina 20
milyar Euro'dan fazla yatirim yapilmasi ve tesvik
edilmesi gerektigini belirtmistir [9]. Bu agiklamalar,
Avrupa'nin dijital donlisiimiinde stratejik 6nem
tastyan konularinin  baginda tarim  sektdriiniin
geldigini gostermektedir.

Tarim  sektoriindeki  teknolojik  ilerlemelere
ragmen, iklim degisikligi tarimda biiyiik bir zorluk
olarak karsimizda durmaktadir. iklim degisikligine
uyum saglamak ve talebi karsilamak icin 6nemli
yatinnmlar ve adaptasyon c¢abalar1 gerekmektedir.
Ozellikle tarim iiriinlerinin yetistirildigi bolgelerin
iklim 6zelliklerinin hizla degismesi, gelecekte verimli
olmayabilecekleri  anlamma  gelmektedir. Bu
bolgelerin gelecekte hangi tarim firiinlerinin iiretimine
uygun olacagini belirlemek igin iklim verilerine dayali
tahminler ve planlamalar yapilmalidir. Iklim
verilerinin ileriye donik tahmin edilmesi ve
bolgelerin  gelecek yillar ig¢in hangi Triinlerin
iretimine uygun oldugunun belirlenmesi, tarim
sektoriiniin iklim degisikligi ile basa ¢ikmasia ve
stirdiiriilebilir tarimsal iiretime katki yapacaktir [10].

Bu c¢aligmada, tarim sektoriiniin  dijitallesme
stirecinde karsilastigi zorluklarin iklim degisikligi
politikalar1 iizerindeki etkisini arastirmak ve AB'nin
bu alandaki politikalarini literatiir destegiyle analiz
ederek, tarim sektoriiniin dijitallesmesine yonelik
politikalarin gelistirmesine ve iklim degisikligine
uyuma katki saglamak amaglanmuistir.

Bu amag¢ dogrultusunda, galismanin asagidaki alt
hedefleri belirlenmistir:

e Tarim  sektoriiniin  dijitallesme  siirecinde
karsilagtig1 zorluklarin neler oldugunu belirlemek

* Bu zorluklarin iklim degisikligi politikalar
iizerindeki potansiyel etkilerini analiz etmek

* AB'nin iklim degisikligi politikalarina iliskin
kaynaklart inceleyerek, bu politikalarin tarim

sektortiniin  dijitallesmesini desteklemedeki roliinii
degerlendirmek

 Literatiirdeki arastirmalara dayanarak, tarim
sektoriiniin  dijitallesme siirecini desteklemek igin
AB'nin uygulayabilecegi politika onerileri gelistirmek
Bu kapsamda iklim politikalarina iligkin strateji
kitaplar1 ve politika yaymlart incelenmis, tarim
sektoriinin ~ dijitallesmesine iliskin  politikalarin
hedefleri, uygulamalari ve sonuglart
degerlendirilmistir. Ayrica literatiirdeki arastirmalar
incelenmis, tarim sektorliniin dijitallesme siirecinin
iklim degisikligi politikalar1 {izerindeki etkilerine
iliskin bulgular degerlendirilmistir. Elde edilen
bulgular, AB'nin tarim sektoriiniin dijitallesmesini
destekleme  politikalarin1  gelistirmesine  katki
saglamasi hedeflenmektedir.

2. TARIMDA DIJITALLESME (DIGITALIZATION IN
AGRICULTURE)

Dijital tarim (akilli tarim, hassas tarim), bilisim
sistemlerinin bir araya gelerek olusturdugu modern bir
tarim yaklagimmi ifade eder. Bu teknoloji, cografi
bilgi sistemleri, kiiresel konum belirleme sistemleri,
uzaktan algilama sistemleri ve veri analizi gibi temel
bilesenleri igermektedir [11]. Tarimsal dijitallesmenin
baslica uygulamalar1 arasinda, cografi veriler,
goriintiileme teknolojileri, sensorler, akilli tarim
sistemleri, makine Ogrenme ve yapay zeka yer
almaktadir [12]. Dijital tarim uygulamalari,
verimliligin artirilmast ve iklim degisikligine uyum
saglanmasi gibi kosullardan dolay1 tarim sektoriinde
one ¢ikmaktadir. Dijital tarimin en 6nemli unsuru
tarim 4.0’dir. Tarim 4.0 ile tarim sektoriinde yiiksek
teknoloji  kullaniminin artacagi ve bu sayede
stirdiiriilebilir  iiretimde basariyr tesvik edecegi
ongoriilmektedir [13]. Endiistri 4.0 sanayi alaninda
kullanilan bir kavram iken karsilig1 olarak Tarim 4.0
tarirm  alanindaki  dijital =~ doniisiim  olarak
tanimlanmaktadir [14]. Tarim 4.0 kavrami en basit
tanimi tarimin dijitallesmesidir. Tarim alaninda dijital
doniisiim ise akilli tarim veya hassas tarim olarak
degerlendirilmektedir [15].
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Sekil 2. Tarimda Dijitallesme

(Digitalisation in Agriculture)

Dijital teknolojiler, tarim alanlarin verimliligini
izlemeye, bitki hastaliklarini tespit etmeye ve su
kullanimini optimize etmeye yardimer olmaktadir
[16]. Sensorler, tarim arazilerinde ve bitkilerde gesitli
verileri 6lgmek i¢in kullanilmaktadir. Bu veriler,
toprak nemi, hava sicakligi, hava nemi ve bitki
bliylimesi gibi bilgileri igermektedir. Sensorler, tarim
operasyonlarini daha verimli hale getirilmesi ve iklim
degisikligiyle miicadelede kullanilabilmektedir [17].
Akilli  tarim  sistemleri, tarim operasyonlarini
otomatiklestirmek icin sensorler, makine 6grenimi,
yapay zeka ve diger dijital teknolojileri
kullanmaktadir. Bu sistemler, sulama, giibreleme ve
ilaclama gibi uygulamalar1 optimize etmektedir [18].
Makine 6grenme ve yapay zeka, tarimsal verilerinden
anlamli bilgi ¢ikarmak ve tarim isletmelerine analizler
vermek i¢in kullanilmaktadir [19]. Bu veriler, tarimsal
iretim, iklim degisikligi ve dogal kaynaklar hakkinda
bilgi saglamakta, makine 6grenme ve yapay zeka
teknolojileri ile yapilan veri analizleri, tarim
sektoriinii daha verimli ve siirdiiriilebilir hale getirmek
icin kullanilmaktadir [20]. Blok zinciri teknolojisi,
tarim ve gida tedarik zincirlerine verimlilik, seffaflik,
iriin izlenebilirligi, giivenlik, denetlenebilirlik ve
miisteri memnuniyeti gibi faydalar saglamaktadir. Bu
teknoloji sayesinde tiim siireclerin izlenebilir olmasi,
driinlerin  kaynagmin dogrulanabilir olmast ve
verimlilik artis1 gibi avantajlar elde edilmektedir. Bu
durum, fireticilerin ve tiiketicilerin memnuniyetini
artirmakta ve sektdrde daha giivenilir bir ortam
olusturmaktadir [21].

Dijital tarim teknolojileri, tarim sektériinde veri
analizi ve teknoloji kullanimiyla isletmelerin karar
mekanizmalarmi  etkilemektedir. Bu teknolojiler
sayesinde dogal kaynaklarin korunmasi, enerji

tiiketiminin azaltilmasi, CO2 saliniminin azalmasi ve
iklim degisikligiyle miicadele gibi c¢esitli olumlu
etkiler goriilmektedir [22]. Tarim sektoriinde dijital
teknolojilerin ~ kullanimi,  verimliligi  artiracak,
kaynaklarin ~ daha  iyi = yOnetilmesine  ve
stirdiiriilebilirlik hedeflerine katki saglayacaktir [23].
Dijital teknolojiler sayesinde ¢iftcilerin arazide
degerlendirmeleriyle  ortaya  ¢ikabilecek  yeni
durumlar da erken tespit edilip ¢Oziime
kavusturulabilmektedir. Bu sayede tarim sektorii daha
strdiiriilebilir ve verimli hale gelmektedir [24].
Bilisim  sistemlerinin  tarimda  kullanimi  ile
verimliligin artirilmasi, kaynak israfinin ve iiretim
kaynakli c¢evresel kirliligin optimum seviyeye
indirilmesi saglanmaktadir.

3. TARIMSAL DIJITALLESMENIN
ZORLUKLARI (CHALLENGES OF AGRICULTURAL
DIGITALIZATION)

Tarim  sektdriiniin -~ kendine  6zgli  zorluklar,
dijitallesmenin oOniindeki en O6nemli engellerden
biridir. Tarimsal dijitallesmenin O6niindeki baglica
zorluklar arasinda kirsal alanlarda altyap: eksikligi,
dijital okuryazarlik diizeyinin diisiikliigii ve yliksek
maliyetler yer almaktadir [25].

Dijital doniisim yolculuguna adim atmak igin
oncelikli olarak dijital altyapinin olusturulmasi
gerekmektedir. Isletmeye uygun dijital c¢oziimleri
belirleyip altyapiy1 olusturulmasi, ¢alisanlarin dijital
teknolojilere uyum saglamasi icin egitimler verilmesi
yeni teknolojilerin anlagilmasina ve etkin bir sekilde
kullanilmasina katki saglayacak, tarimsal faaliyetleri
gelistirecektir [26]. Calisanlarin dijital yetkinliklerini
artirmak ig¢in egitim programlari  diizenlemek,
doniisim ~ siirecinizi  basariyla tamamlanmasini
saglayacaktir.

Tarim sektoriinde dijital doniigiim, biiyiik miktarda
verinin toplanmasi ve iglenmesi anlamina gelmektedir
[27]. Verilerin toplanmasi ve giivenliginin saglanmasi
onemli zorluklardan birisidir. Hassas tarim verilerinin
korunmasi i¢in giigli sifreleme yontemleri ve
yetkilendirme  sistemleri  kullanilmasi,  giincel
giivenlik protokollerine uygun bir sekilde hareket
edilmesi ve siber tehditlere karsi 6nlem alinmasi
gerekmektedir [28].

Karar verici konumdaki iireticilerin yas ortalamasi
50-55 dolaylarindadir ve yas - egitim durumu
acisindan teknoloji kullanimma yatkinhigin diistik
olmasi ve teknolojik doniisiimden kaginmasi tarim
sektoriinde dijitallesmenin ontindeki en dnemli engel
olarak goriilmektedir [29]. Akilli teknolojileri
uygulamak i¢in sabit bir internet baglantisina ihtiyag
vardir fakat tarim yapilan alanlarin ¢ogunda mevcut
degildir [30]. Tarim alaninda kullanilan teknolojik
ekipman ve yazilim teknolojilerinin
standardizasyonunu ~ ve  birbiri ile  uyumu,
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ekipmanlarin birlikte g¢alisabilirligi i¢in 6nemlidir
[31]. Dijital araglarda yasanan teknik problemlerinin
¢oziimiinde ciftcilerin kendi bilgileri ile miidahale
edemeyecek olmalar1 da dijitallesmeye karsi bir
diren¢ olusturmaktadir [32]. Ayni teknolojiler farkli
olceklerde kiigik ciftgiler ve biiyiik sirketler
tarafindan kullanilabildiginde, 6lgeklenebilir
¢Oziimler, iretimin daha kolay ve daha hizli
genigletilmesine imkan saglamaktadir [33]. Tarimsal
dijital teknolojilerin, geleneksel teknolojilere gore
daha maliyetli olmas ¢iftgilerin teknolojiye erisimini
zorlastirmaktadir [34]. Tarim arazilerinin biiyiik
Olcekli olmasi akilli tarim sistemlerine ve dijital
teknolojilere erigimi kolaylastirmaktadir [35].
Tarimsal  dijitallesme, iklim  degisikligiyle
miicadelede 6nemli bir faktordiir. Dijital teknolojiler,
tarim sektoriiniin verimliligini ve siirdiiriilebilirligini

artirarak, iklim degisikliginin etkilerini azaltmaya
yardimer olmaktadir [36]. Tarimsal dijitallesmenin
iklim degisikligiyle miicadelede daha etkili bir sekilde
kullanilabilmesi i¢in, tarim sektoriiniin dijitallesme
stirecinde karsilastigt zorluklarin astlmasi
gerekmektedir [37]. Tarim sektoriiniin dijitallesme
siirecinde  karsilagtigi  zorluklarin asilmasi igin,
hiikiimetler ve 06zel sektér tarafindan ortaklasa
calisilarak, kirsal alanlarda altyapinin gelistirilmesi,
dijital okuryazarlik diizeyinin yiikseltilmesi, dijital
teknolojilerin maliyetinin diisiiriilmesi gerekmektedir
[38]. Tarim sektorii iklim degisikligiyle miicadelenin
stirdiiriilebilir hale gelmesi, dijital donisiimiin
hizlanmasi i¢in bilisim sistemlerinden iiretimin her
alaninda faydalanmasi gerekmektedir [39]. Asagidaki
tabloda zorluklar, zorluklarin detaylart ve ¢6ziim
stratejileri onerilmistir.

Tablo 1. Tarimda Dijitallesmenin Zorluklar1 ve Coziim Stratejileri
(Challenges of Digitalisation in Agriculture and Solution Strategies)

teknolojilere erisiminde zorluklar.

Dijital Altyap1 Kirsal alanlarda internet ve teknoloji Hiikiimetler ve 6zel sektor tarafindan kirsal

Eksikligi altyapisinin yetersizligi. Sabit internet alanlarda dijital altyapinin gelistirilmesi. Altyap1
baglantis1 eksikligi. projeleri i¢in kamu-6zel sektor ortakliklarinin

tegvik edilmesi.

Dijital Ciftcilerin dijital teknolojilere kars1 Ciftciler igin dijital yetkinlikleri artirmaya

Okuryazarlik uyum saglama gii¢liigli. Yas ve egitim | yonelik egitim programlarimin diizenlenmesi.

Diizeyinin diizeyine bagli olarak teknolojik Yasli giftciler igin 6zel egitim programlarinin

Diisiikliigii doniisiimden kaginma. geligtirilmesi.

Yiiksek Tarimsal dijital teknolojilerin yiiksek Teknolojiye erisimi kolaylastirmak i¢in

Maliyetler maliyeti. Kiigiik cift¢ilerin bu siibvansiyonlar ve tesvikler. Kiiciik ciftcilere

yonelik 6lgeklenebilir ve uygun maliyetli dijital
cozlimlerin gelistirilmesi.

Veri Giivenligi

Biiyiik miktarda verinin toplanmasi ve

Giiglii sifreleme yontemleri ve yetkilendirme

ve Gizliligi islenmesi. Hassas tarim verilerinin sistemlerinin kullanilmasi. Giincel giivenlik
korunmasi. protokollerine uyulmasi ve siber tehditlere karsi
Onlemler alinmasi.
Teknik Uyum Farkli teknolojik ekipmanlarin birlikte | Tarim teknolojilerinde standardizasyonun tesvik
ve calisabilirligi. Teknik problemlere edilmesi. Ciftgilerin teknik sorunlara kars1
Standardizasyon | cift¢ilerin miidahale edememesi. destek alabilecekleri sistemlerin olugturulmasi.
Kiiltiirel ve Yasl ¢iftcilerin teknolojiye Dijital doniisiimiin faydalarini gdsteren drnek
Sosyal Engeller | adaptasyonunda zorluklar. Dijital calismalarin paylasilmasi. Dijital doniisiime
doniisiimiin benimsenmesinde direng. yonelik pozitif alg1 yaratmak i¢in bilinglendirme
kampanyalar.
Iklim Iklim degisikligine kars1 tarrm Dijitallesmenin iklim degisikligiyle miicadelede
Degisikligi ile sektoriiniin direncini artirmak i¢in nasil kullanilacagini arastiran politikalarin
Miicadele dijitallesmenin zorluklari. desteklenmesi. Tarim sektoriinde siirdiiriilebilir

uygulamalar i¢in dijital teknolojilerin
entegrasyonu.

Literatiire bakildiginda tarimsal dijitallesmenin iklim
degisikligi politikalar1 olumlu katki saglayabilecegini
gostermektedir. Bu ¢aligmalarin yapilmasi, tarimsal

dijitallesmenin iklim degisikligiyle miicadelede daha
etkili bir sekilde kullanilmasini saglayacaktir.
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4. AB°NiN TARIM VE DiJITALLESME
POLITIKALARI (AGRICULTURE AND DIGITALIZATION
POLICIES OF THE EU)

AB’nin 2030 yilima kadar dijital doniisimiini
sekillendiren Dijital Pusula, dort ana eksene
dayanmaktadir [40]:

e AB'min odaklandigi temel alanlardan biri,
vatandaglarin ve profesyonellerin dijital becerilere
sahip olmasidir. Bu, toplumun genelinde dijital
yetkinligi artirmayr ve dijjitallesmeye uyum
saglamay1 amaglamaktadir.

e AB, givenli, yilksek performansli ve
stirdiirtilebilir dijital altyapilarin olusturulmasim
dijitallesmenin temeli olarak gérmekte giivenlik,

performans ve  siirdiiriilebilirlik  agisindan
onemsemektedir.
e AB, isletmelerin dijital doniisiimiine

odaklanmakta, igletmelerin rekabet giiglerini ve

verimliligi artiran ve yenilik¢i ¢6ziimler sunan

dijital teknolojileri tesvik etmektedir.

e Kamu hizmetlerinin dijitallesmesi, vatandaslar ve
isletmeler i¢in daha erisilebilir, verimli ve etkili
hale getirilmesini AB’nin O6nemli hedefleri
arasinda yer almaktadir.

Bu dort ana eksen, AB'nin dijitallesme stratejisinin
merkezinde yer almakta ve gelecekteki dijital
donilistimiin  temel Onceliklerini  ve hedeflerini
belirlemektedir.

AB, tarimsal dijitallesmeyi desteklemek igin ¢esitli
politikalar ~ uygulamakta, tarim sektoriiniin
verimliligini ve siirdiiriilebilirligini artirmay1 ve iklim
degisikligiyle = miicadeleye = katki  saglamayi
amaclamaktadir [41]. Bu kapsamda yonetmelikler
olusturulmustur.

e Dijital Piyasalar Yonetmeligi (2020): Bu
yonetmelik, AB icinde dijital piyasalarin
diizenlenmesi ve rekabetin saglanmasi amaciyla
olusturulmustur.

e Dijital Hizmetler Yonetmeligi (2020): Dijital
hizmet saglayicilarinin  sorumluluklarint ~ ve
yiiktimliiliiklerini diizenleyen bir yonetmeliktir.
Ozellikle gevrimici platformlar i¢in dnemlidir.

e Veri Yonetisimi Yonetmeligi (2020): Veri
yonetimi  siireglerini  ve  veri  gilivenligi
standartlarini belirleyen bir yonetmeliktir.

e Yapay Zeka Yonetmeligi (2021): Yapay zeka
sistemlerinin etik, giivenlik ve sorumluluk gibi
konularint diizenleyen bir yonetmeliktir. Yapay
zeka teknolojisinin hukuki boyutunu ele alir.

e Veri Yonetmeligi (2022): Veri yonetimiyle ilgili
standartlar1 ve prosediirleri belirleyen bir
yonetmeliktir. Veri koruma ve gizliligi konularini
igerir.

AB'nin dijitallesme stratejilerine sekil veren belge
ve diizenlemeler dijital ekonominin ve teknolojinin
hizla gelisen alanlarin1 diizenlemeyi amaglamaktadir

[42]. Yapay zeka, nesnelerin interneti ve robotik gibi
alanlarda giivenlik ve sorumluluk yansimalarini ele
alan raporlar da mevcuttur. Bu raporlar, bu
teknolojilerin  kullanimiyla ilgili etik ve hukuki
konular tartigmay1 amacglamaktadir [9]. Akilli tarim
uygulamalarinin 2030 yilina kadar, tarim sektoriinii
fazlaca etkileyecek ve Avrupa Birligi’nde tarim
alaninda siirdiiriilebilirligin saglanmasindaki 6nemli
bir faktor olacaktir [42]. AB iiretici isletmelerin akilli
tarim  teknolojilerine erisebilmesi, tarimda
stirdiirtilebilirlik igin akilli teknolojileri ve hangi akill
tarim teknolojilerinin ¢evreyi korumak igin tesvik
edilecegi konusunda c¢evre koruma igin tesvik
edilecegi hususlarinda 6nlemler almaktadir [43].
AB'nin tarmmsal dijitallesme politikalari, tarimsal
dijitallesmenin ~ iklim  degisikligi  politikalar
iizerindeki etkilerini artirmaya yoneliktir [44]. Bu
politikalar, iklim degisikliginin etkilerini azaltacak
tarimsal uygulamalar tesvik ederek ve tarimsal sera
gazi  emisyonlarmin  azaltilmast  ile  iklim
degisikligiyle miicadeleye katki saglamaktadir.

5. AB IKLIM POLITIKALARINDA DiJiTAL
TARIM (DIGITAL AGRICULTURE IN EU CLIMATE
POLICIES)

Iklim degisikliginin kesin kanitlar1 mevcut olup,
etkileri kiiresel Olgekte gozlemlenmektedir. Diigiik
gelirli veya gelismekte olan iilkeler bu degisimden
daha fazla etkilenmekte ve bu yeni kosullara uyum
saglamak oncelikli bir kalkinma gereksinimi olarak
one ¢ikmaktadir [45]. Kiigtlik arazi sahibi ciftciler, bu
degisikliklere daha bilingli bir sekilde yanit
verebilmekle birlikte, finansal durum ve uygun
teknoloji  eksikligi  gibi  ¢esitli  engellerle
karsilasmaktadirlar [46]. Iklim degisikligi bilgisi,
tarim  dretim  sistemlerinin  siirdiiriilebilirligini
saglamak ve c¢evresel zorluklarla basa ¢ikma
stratejilerini belirlemek agisindan stratejik bir 6neme
sahiptir [47]. Cift¢ilerin degisken iklim kosullarina
uyum saglamasi, iklim degisikligi ile miicadele ve
tarimin slirdiiriilebilirliginin saglanmasi i¢in bilgi ve
teknoloji transferi, egitim ve finansal destekler
saglanmalidir [48]. Bu destekler ciftgilerin daha etkin
ve direngli tarim uygulamalart gelistirmesi ve
topluluklar genelinde daha saglam bir dayaniklilik
olusturmasini katki saglayacaktir [49].

AB'min iklim degisikligi konusunda Onlem
almamasinin maliyeti ciddi boyutlardadir. 2020 yilina
kadar tahmin edilen maliyet yilda 100 milyar avrodur.
Maliyetin 2050 yilina kadar artarak yilda 250 milyar
avroya kadar cikabilecegi ongoriilmektedir [S0]. AB,
uluslararasi alanda iklim degisikligi konusunda etkin
bir rol oynamaktadir. Bu gergevede, AB ve tiim
tiyeleri, BM Iklim Degisikligi Cerceve Konvansiyonu
ve ozon tabakasinin korunmasma yonelik yonerge
gibi uluslararasi anlagsmalara katilmiglardir [S1]. Paris
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Iklim Konferansi, 2015'te gerceklesmis ve "Paris
Anlagmas1" olarak bilinen uluslararasi bir anlasmanin
imzalanmasina yol agmistir. Bu anlagma, 195 iilke ve
AB tarafindan imzalanmis ve iklim degisikligiyle
miicadelede ortak bir taahhiit ortaya olusturmustur.
Anlagma, 2020'de yiiriirliige girmis ve gliniimiiz iklim
politikalari ile gelecek yillar arasinda bir koprii islevi
gormektedir [42]. AB iilkelerinin ulusal uyum
stratejilerinde, sektorel politikalarla entegre edilmis
tedbirler, tarim, su, ormancilik, insan sagligi ve
biyolojik ¢esitlilik gibi alanlarda uygulanmaktadir.
Farkl1 bolgelerin farkli iklim etkileriyle kars1 karsiya
olmast  nedeniyle, kuraklik gibi  sorunlarla
karsilagacak kirsal bolgelerde su depolama tesislerine

AB'nin 2030 ve 2050 iklim
tutkusunu artirmak

/

Temiz, uygun fiyath ve giivenli
enerji saglamak

emiz ve dongusel bir ekonomi igi
lenduistriyi harekete gecirmek

\

Kaynak verimli bir sekilde inga
etmek ve yenilemek

Gegisi finanse etmek

AB Kiiresel bir lider
olarak:

Surdiiriilebilir bir gelecek

icin AB ekonomisini
déniigtirmek

Avrupa
Yesil
Mutabakati

yatirim yapilmast, sehirlerde 1s1 dalgalarma karsi yesil
alanlarm artirilmas1 gerekmektedir. Kiiresel i1sinma
senaryolarinin  incelenmesi, tarimsal verimlilik,
habitatlar ve kuraklik gibi konular {izerinde 6nemli
etkilere  isaret  edilmektedir. AB'nin 2050
Vizyonu'nda, uyum ve azaltim hedeflerini destekleyen
politikalarin incelenmesi, iklim degisikliginin tarim
ve orman sistemlerine etkilerinin daha detayl sekilde
degerlendirilmesi, tarim  sektoriinde  mahsul
dretiminin  iklim  degisikligi  etkilerine  karsi
yonetiminin daha planli bir sekilde izlenmesi
gerektigine yer verilmistir [52].

gegirmek ve yeniligi tegvik

Arastirmayi harekete
etmek

Toksik olmayan bir cevre igin "sifir
kirliligi' hedefi

Ekosistemleri ve biyolojik gesitliligi
korumak ve eski haline getirmek

"Ciftlikten sofraya": Saghkli ve
¢evre dostu bir gida sistemi

Surdiiriilebilir ve akilli mobiliteye
gegisi hizlandirmak

Kimseyi geride birakmamak
(sadece gegis)

Avrupa iklim
Pakti

Sekil 3. Avrupa Yesil Mutabakati
(European Green Deal)

2050'ye kadar diinyanin ilk iklim-nétr blogu olmak
gibi biiyiik bir hedefi bulunmaktadir. ABmin bu
hedefe ulagabilmesi i¢in AB biitcesi Avrupa Yesil
Anlagmasi'nin  finansmaninda 6nemli bir rol
oynayacaktir. Ancak, AB biit¢esi tek basina bu biiyiik
yatirim ihtiyacini karsilamaya yetmemektedir. Uye
Devletler ve 0zel aktorlerin katkisi da gereklidir.
2021'den 2027'ye kadar yedi yil siirecek olan uzun
vadeli AB biitgesi, iklim ve ¢evre ile ilgili hedeflere
o6nemli Olglide yatinm yapmayr planlamaktadir.
Komisyon, biitgenin %25'inin iklim eylemlerine
ayrilmasini  Onermis ve c¢evre i¢in birden fazla
programa yatirim yapilmasini istemistir. Bu strateji
dogrultusunda, 2027 sonras1 iklim hedeflerinin

korunacagi varsayildiginda, AB biitgesi Avrupa Yesil
Anlagsma Yatirnm Plan1 i¢in 503 milyar Euro
saglayacaktir. Bu kaynak, iklim ve ¢evre projeleri igin
yaklasik 114 milyar avroluk ek ulusal es-finansmani
harekete gecirecektir. Bu, AB'nin iklim degisikligi ile
miicadelede liderlik roliinii  pekistirmesi  ve
stirdiiriilebilirlik hedeflerine ulagsmasi i¢in énemli bir
adimdir  [53]. Tarladan  Sofraya  Stratejisi,
stirdiiriilebilir gida tiiketimini tegvik etmeyi ve
herkesin biitgesine uygun saglikli giday1 desteklemeyi
amagclayan bir stratejidir. AB'nin gevre standartlarina
uymayan ithal gidalar AB pazarma giremez.
Komisyon, tiiketicilere saglikli ve siirdiiriilebilir
beslenme secgeneklerini tercih etme ve gida israfini
azaltma konusunda yardimci olacak mekanizmalar
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onermektedir. Ayrica, dijital araglar1 kullanarak
tiiketicilere gidanin kaynagi, besin degerleri ve
ekolojik etkileri gibi detayli bilgileri iletmeyi de
hedeflemektedir. Tarladan Sofraya Stratejisi ayni
zamanda ciftcilerin tedarik zincirindeki konumlarimi
gelistirmek icin teklifler icermektedir [54].

Devlet, yeni tarim politikalariyla  karbon
salmimlarint azaltmayir ve saglikli gida iiretimini
tesvik etmelidir. Bu politikalarda organik tarima
gecis, cevre dostu teknolojilerin desteklenmesi ve
yerel pazarlarin giiglendirilmesi oncelikli olmalidir.
Egitim, bilinglendirme ve stirdiiriilebilir toprak-su
yonetimi de bu siirecin Onemli parcalaridir [55].
Insanligin artan niifus oram, kurakhk ve iklim
degisikligi gibi faktorlerle miicadele etmek ve
hayatini siirdiirebilmesi i¢in tarim kaynaklarimi etkili
bir sekilde kullanmasi gerektigi agiktir. Bu kaynaklari
en etkili sekilde yOnetmenin yolu, tarmmi
dijitallestirmek ve Nesnelerin Interneti, goriintii
isleme ve biiyiik veri teknolojilerini entegre etmektir.
Bu sayede tarimin dijitallesmesiyle, tarim alaninda
verimliligin artirilmasi, su ve enerji kullaniminin
optimize edilmesi, c¢evresel siirdiiriilebilirligin
saglanmasi ve Uriinlerin kalitesinin artirilmasi
miimkiin olacaktir [4]. Tarimsal dijitallesme, iklim
degisikliginin etkilerini azaltmak i¢in ¢esitli sekillerde
kullanilabilmektedir. Cografi veri ve goriintiilleme
teknolojileri ile tarim alanlarinin  verimliliginin
izlenmesi, ciftgilerin verim diisiikliigine neden
olabilecek sorunlar1 erkenden tespit etmeleri ve 6nlem
almalarini, akilli tarim sistemleri ile sulama,
giibreleme ve ilaglama gibi uygulamalarin optimize
edilerek su, ilag ve gibre kullanimi ve bitki
hastaliklarinin azaltilmasi, karar destek sistemleri ile
ciftgilerin, sera gazi emisyonlarini azaltmasina
yardimect olacak tarim uygulamalarini segmeleri dogal
kaynaklarm  dogru  ve  optimum  kullanimi
saglanmaktadir.

6. CALISMANIN BULGULARI (FINDINGS OF THE

STUDY)
Tarim  sektorliniin dijitallesmesinin = iklim
degisikligiyle  miicadelede = o6nemli  bir  rol

oynayabilecegini anlagilmaktadir. Ancak, tarim
sektoriiniin yapis1 geregi dijitallesme siirecinde
yasanan zorluklar, yesil gelecek hedeflerine ulasmada
etkili politikalara Oncelik verilmesi gerektigini
gostermektedir. Tarimsal dijitallesmenin  iklim
degisikligi politikalar1 iizerindeki etkileri oldugu
literatiirde yapilan arastirmalarla  goriilmektedir.
Literatiir, tarimsal dijitallesmenin iklim degisikligi
politikalarma  olumlu  katki  saglayabilecegini
gostermektedir.

Tarim sektoriinde dijitallesmenin yayginlagsmasi
onemli faydalar sunmasina ragmen ¢esitli zorluklarla
kars1 karsiyadir. Kirsal alanlarda altyapi eksikligi ve

diistik dijital okuryazarlik seviyeleri, teknolojiye
erisim ve kullanimimi kisitlamaktadir [25]. Dijital
teknolojilerin  yliksek maliyetleri, ¢iftcilerin bu
teknolojilere  erigimini  zorlastirmaktadir.  Bu
zorluklarin {istesinden gelmek igin altyapi olusturma,
egitim  programlari  diizenleme ve teknoloji
maliyetlerini diistirme gibi adimlar atilmalidir [34].
Veri giivenligi konusunda da dnlemler alinarak hassas
tarim verilerinin korunmasi saglanmalidir. Tarimsal
dijitallesme, iklim degisikligiyle miicadelede 6nemli
bir rol oynamaktadir ancak bu potansiyelin tam
anlamiyla kullanilabilmesi i¢in sektordeki zorluklarin
astlmast gerekmektedir. Bu nedenle, hiikiimetler ve
ozel sektdr arasinda isbirligi yaparak altyapi
gelistirme, egitim programlari diizenleme ve teknoloji

maliyetlerinin ~ diislirilmesi ~ gibi ~ konularda
politikalarin ~ olusturulmast  ve  uygulanmasi
gerekmektedir [56].

Iklim degisikliginin tarim sektorii iizerindeki
etkileri giderek daha fazla hissedilmekte, ozellikle
gelismekte olan tilkelerde bu etkiler daha belirgin hale
gelmektedir [57]. Tklim degisikligiyle miicadelede ve
tarimin  stirdiirilebilirligini - saglamada  bilgi  ve
teknoloji transferi, egitim ve finansal destek gibi
onlemler gereklidir. Bu onlemler, giftcilerin daha
etkin ve direngli tarim uygulamalar1 gelistirmelerini
saglayarak, topluluklar genelinde daha saglam bir
dayaniklilik olusturulmasina katki saglmaktadir [58].
Avrupa Birligi'nin dijitallesme stratejisi ve tarimsal
dijitallesme politikalari, sektoriin dijital dontistimiinii
destekleyerek iklim degisikligiyle miicadelede ve
stirdiiriilebilir tarimin tegvik edilmesinde 6nemli bir
rol oynamaktadir [41]. AB'nin bu yondeki ¢abalari,
tarim sektoriiniin gelecegini daha giivenli ve ¢evreci
bir sekilde sekillendirmeyi hedeflemektedir.

AB'nin 2050 hedefi dogrultusunda, iklim
degisikligine adaptasyon stratejisi nemli bir adimdir.
Tarimsal dijital teknolojilerin gelistirilmesi igin
aragtirma ve gelistirmeye yatinm yapmak, bu
yatirimlar, tarimsal dijital teknolojilerin daha verimli
ve siirdiiriilebilir hale gelmesini saglamak, tarimsal
dijital teknolojilerin yayginlagtirilmasini tesvik etmek
icin gesitli tegvikler sunmak, ciftcilere tarimsal dijital
teknolojileri satin almalari veya kullanmalar1 igin
finansal destek saglamak AB'nin tarimsal dijitallesme
politikalar1 arasinda yer almaktadir [59]. AB'nin iklim
degisikligi ve dijital tarim konularinda aldig1 6nlemler
ve vyatirimlarin, ¢evresel siirdiiriilebilirlik, iklim
degisikligiyle miicadele ve tarim verimliliginin
artirllmast  gibi alanlarda olumlu etkileri ortaya
¢ikarmaktadir.

Sonug

AB'nin iklim degisikligiyle miicadele konusunda
ortaya koydugu politikalar ve aldigi onlemler hem
ulusal hem de uluslararasi diizeyde 6nemli bir ¢caba ve
liderlik 6rnegi sunmaktadir. Paris Anlagmasi gibi
uluslararas1 anlagmalara katilimi ve bu dogrultuda
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belirlenen hedeflerin uygulanmasi, AB'nin gevresel
sorunlara kars1 sorumluluk bilinciyle hareket ettigini
gostermektedir.

Ozellikle tarimsal dijitallesme konusunda atilan
adimlarin, iklim degisikligiyle miicadelede ve tarim
verimliliginin artirilmasinda biiylik bir potansiyele
sahip oldugu goriilmektedir. Cografi veri analizi,
goriintiileme teknolojileri, akilli tarim sistemleri ve
diger  dijital uygulamalarin  kullanimi, su
kaynaklarinin daha verimli kullanilmasini, kimyasal
kullannommin azaltilmasmi ve tarimin ¢evresel
etkilerinin minimize edilmesini saglamaktadir.

AB'nin uzun vadeli biitge planlamasinda iklim ve
cevre odakli yatirimlara ayrilan kaynaklarin
artirilmast da bu c¢abalar1 destekleyen onemli bir
adimdir. Ayrica, Tarladan Sofraya Stratejisi gibi
programlarla tiiketicilerin ¢evresel acgidan daha
stirdiiriilebilir tirtinleri tercih etmeleri tesvik edilmekte
ve tarimsal iretimin cevresel etkileri azaltilmaya
¢alisilmaktadir.

Gelecek yillarda AB'nin iklim degisikligiyle
miicadele ve tarimsal siirdiiriilebilirlik konularinda
daha ileriye yonelik adimlar atmasi, teknoloji ve bilgi
transferi gibi alanlarda daha fazla is birligi yapmasi ve
uluslararasi ortakliklar giiclendirmesi
beklenmektedir. Bu cabalarin devamiyla hem AB
i¢cinde hem de kiiresel Olgekte gevresel sorunlarin
azaltilmast ve sirdiriilebilir bir gelecegin insa
edilmesi hedeflenmektedir.

Bu caligmanin bulgular, asagidaki politika
onerilerini desteklemektedir:

AB, tarimsal dijitallesmenin 6niindeki altyapi ve
dijital okuryazarlik engellerini ortadan kaldirmak igin
politikalar  gelistirmeye devam  etmelidir. Bu
politikalar, kirsal alanlarda internet erigimini ve
elektrik altyapisini iyilestirmeyi, giftcilerin dijital
okuryazarlik diizeyini artirmay1 amaglamalidir.

AB, tarimsal dijital teknolojilerin maliyetini
distirmek i¢in politikalar gelistirmeye devam
etmelidir. Bu politikalar, tarimsal dijital teknolojilere
yonelik tesvikler saglayabilir veya tarimsal dijital
teknolojileri daha uygun fiyatli hale getirmek icin
kamu-6zel igbirlikleri gelistirebilir.

AB, tarimsal dijitallesmenin etik yonlerini dikkate
alan politikalar gelistirmeye devam etmelidir. Bu
politikalar, tarimsal dijital teknolojilerin insan sagligi
ve giivenligine, c¢evreye ve sosyal adalete zarar
vermesini 6nlemeyi amaglamalidir.

Bu politikalarin uygulanmasi, tarim sektoriiniin
dijitallesme stirecini hizlandirarak, iklim
degisikligiyle miicadelede daha etkili bir sekilde
kullanilmasini saglayabilir.
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Rastgele orman algoritmasinin dogruluk skorlar1 iilkeler arasinda %73 ile %83 arasinda
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This study explores factors influencing mathematics achievement in Tirkiye, Bulgaria,
Mexico, and Thailand using PISA 2018 data and machine learning models, comparing their
performance. Both classification and regression models were utilized: linear regression,
support vector machine, decision tree, and random forest for regression; logistic regression,
support vector, decision tree, and random forest for classification. Additionally, XGBoost
identified key predictors of math achievement, and K-Means filled missing data. According
to results, key contributing factors across all countries included students' economic, social,
and cultural status, study materials at home, sense of ownership, and family welfare.
Regarding model success, random forests outperformed other models in both regression and
classification, with Random Forest Regression achieving the highest R-square values (71%-
84%) while linear regression has the lowest (22%-43%). In addition, the classification
algorithms were analyzed in terms of binary and ternary classification, binary classification
proved more successful than ternary, with RF accuracy scores ranging from 73% to 83%
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across countries. The study's findings offer valuable insights for selecting optimal algorithms
for predicting math achievement, aiding decision-makers in enhancing educational outcomes.
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1. INTRODUCTION (GIris)

Mathematics is of vital importance for the
development and progress of a society. It is considered
one of the most critical areas of educational systems
because it enables individuals to develop their
cognitive abilities and plays a vital role in the basis of
advanced technological and scientific research. In
addition to developing students' analytical thinking,
problem-solving, and critical reasoning skills,
mathematics skills prepare students to succeed in
today's complex world [1]. In this context, students’
mathematics  achievement  provides  essential
information about the quality of a country's education
system. The relationship between the level of
development of countries and the education system
has long attracted the attention of researchers. In
literature, it is emphasized that education strongly
impacts economic growth in two aspects. Firstly,
human capital, which refers to people's mental and
physical strength, is an input in the production
function. Secondly, human capital is essential in
research that produces technology and knowledge
[2]. Also, the role of mathematics education
within the education system is crucial because
mathematics plays a vital role in our daily lives
[3]. In this context, increased spending on
education can have profound
consequences for developing countries because
education in general, and mathematics education in
particular, can be an increasingly effective instrument
for boosting a country's GDP growth [4].
Analyzing the current educational situation well

is important to provide all these benefits.
Therefore, countries must understand society's
education level and develop policies

accordingly. Various institutions and organizations
must make objective assessments, measure, report,
and present the educational achievement of countries.
PISA is essential as it is an internationally recognized
assessment tool due to its role and importance in
mathematics measurement. PISA results offer
thorough and comparable information on students'
math proficiency. Due to the big data, high number of
observations, and variables presented by PISA, it is
almost necessary to apply machine learning methods
for prediction and inferential statistical models with
the data obtained from PISA. In this context, machine
learning models are an essential tool in evaluating
PISA data. In support of this, it is seen in the literature
that the techniques applied in developing prediction
models related to education have increased towards
machine learning models [5].

Consistent with the above, the main motivation of this
study is to use machine learning modeling to analyze
the factors that influence students' math achievement
across countries of similar economic size and level of
development, including Turkey, Thailand, Bulgaria,
and Mexico. The relevant machine learning methods
include eight models, four regression, and four

classification  algorithms. These models are
Multiple Linear Regression, Support Vectorial
Regression, Decision Tree, Random  Forest,

Logistic, Support Vectorial Classification, Decision
Tree, and Random Forest. The relationship
between  students' mathematics achievement and
potential influencing factors is examined through
regression analyses. Classification analyses will be
used to group students according to specific
achievement levels and evaluate factors’ impact on
classification performance. In addition, the success
of each model will be compared through various
metrics to  guide  researchers interested in
studying the subject.

2. LITERATURE REVIEW (Literatiir Taramast)

Students' achievement in mathematics is considered a
strong indicator of academic success in the years to
come [6] and is correlated with countries' levels of
development and GDP [4].
Understanding mathematics achievement at the
national level is a complex and difficult process
due to big data, so there are various measurement
methods. One of these methods is the Program for
International Student Assessment (PISA), carried
out internationally. It isan exam conducted by
The Organization for Economic Co-operation and
Development (OECD) to evaluate the reading,
comprehension, science, and mathematics skills
and knowledge levels of students in the age group
of 15 who have completed their compulsory
education. PISA, an international exam, focuses not
only on measuring course success but also on
how well they can make sense of this
information  in  school and  out-of-school
environments and how well they can apply it in
different situations. In addition to measuring student
achievement, increasing the functionality of the
education system, determining the effects of
education policies on students, and increasing the
quality of education are among the objectives
of PISA  [7],[8],[9],[10]. Tirkiye has been
involved in  PISA studies since 2003.
Tirkiye  participated in computer-based
applications in 2015 and 2018 [9].
Because decision-makers in  Tirkiye believe
that they can use
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PISA data and analysis as an essential resource for
developing education policies and improving
education systems [11]. Machine learning is
frequently used to analyze complex and big data.
Machine learning is a branch of artificial intelligence
which enables computers to learn from data,
examples and training. It involves learning to identify
significant patterns in large datasets. The availability
of large amounts of data has made it easier to train
machine learning systems, while advances in
computer processing power have increased the
capacity of these systems [12]. One of the main
advantages of machine learning algorithms is their
ability to make evidence-based decisions by
analyzing large and complex datasets. This has
improved decision-making in various fields,
including healthcare, manufacturing, education,
finance, policing, and marketing [13]. Furthermore,
selecting the correct machine-learning algorithm for a
given task is critical. The nature of the data and
mission can affect an algorithm's performance, and
different algorithms have varied strengths and
weaknesses. To choose the best algorithm for a
specific task, empirical comparisons and assessments
of several algorithms are crucial [14]. Machine
learning tasks usually fall into three broad categories:
Supervised, Unsupervised, Semi-Supervised, and
Reinforcement learning and it is seen that supervised
algorithms are the most widely used algorithms in the
field of education [5]. When we examine
mathematical literacy based on PISA data, it is seen
that most of them use one or two different machine-
learning models. On the other hand, Lezhnina and
Kismihok [15] used only the random forest algorithm
in the study in which they wanted to combine
statistical and machine learning methods. Also, Giire,
Kayri, and Erdogan [16] compared only neural
networks and random forest algorithms in their study
for comparison purposes. Finally, studies that use
many machine learning algorithms mostly use
classification algorithms. For example, although
Saarela et al. [17] used five different machine
learning methods in their study, all are classification
algorithms. However, in this study, both regression
and classification algorithms were used, thus
comparing the performance of the results when the
target variable is continuous and categorical. This is
thought to be an essential contribution to literature
and will guide future studies on what the target
variable should be.

3. METHODOLOGY (¥éntem)

The PISA dataset published every three years by the
OECD is used in this study. It is based on the most
recent publicly available data from PISA 2018. The
PISA 2018 data cover 612004 students from 21903

schools in 79 countries and economies. Student
literacy in reading, science and mathematics is
measured in the dataset. Four countries were included
after filtering the country variable in the dataset
according to the purpose of the study. These countries
were selected from Europe, Asia and America, which
are close to Turkey in economic size. The aim was to
have a comparison of countries with similar economic
measures (GDP). Turkey, Bulgaria, Thailand and
Mexico were the countries of choice for the study. In
this context, the data of 28117 students from the 4
countries have been analysed in the context of the
research.

3.1 DATA (Veri)

Table 1. Variables Description
(Degisken Ac¢iklamalary)

Variables Description Data Scale
Type Type

CNT Country String Nominal

ST004D01T Gender String Nominal

ESCS Index of economic Numeric  Interval
social and cultural
status

WEALTH Family wealth Numeric Interval
possession

HOMEPOS Index of all Numeric Interval
household and
possession items

CULTPOSS Cultural Numeric  Interval
possessions

HEDRES Home educational Numeric Interval
resources

STO11Q02TA  Having personal String Nominal
room

MISCED Level of mother Numeric  Ordinal
education

FISCED Level of father Numeric  Ordinal
education

MMINS Learning times in Numeric  Ratio
Math (per minutes
at week)

TMINS Learning times Numeric  Ratio
(per minutes at
week)

PERCOOP Index of student Numeric Interval
co-operation

PERCOMP Index of student WNumeric Interval
competition

BELONG Index of sense of WNumeric Interval
belonging

EMOSUPS Index of parents’” Numeric Interval
emotional support

PERFEED Teacher feedback Numeric  Interval

PVMATH Plausible value in Numeric  Interval
Math
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In the PISA dataset, there are ten mathematically
plausible scores provided. These scores are not typical
individual student scores; instead, they represent a
range of possible abilities a student might possess
based on their responses to test items. Utilizing item
response theory (IRT), ten plausible values (PVs) are
generated by sampling from the posterior probability
distribution of the ability estimates [18]. One of
these PVs can be selected randomly, or a new score
can be derived by calculating the average of all ten
values. In this research, the target variable was
created by taking the mean of these ten distinct PV
values.

Apart from the gender variable, the remaining
variables in this dataset represent indices generated
by PISA. Most of the metrics in PISA can be seen
as indices that aggregate responses from
students, parents, teachers, or school officials
(typically principals) to a set of related
questions. These questions were chosen from a
broader selection, based on theoretical frameworks
and prior studies. To assess the effectiveness of the
machine learning models, the dataset in this study
was split into training and testing sets. Specifically,
80% of the data was allocated for training, while
the remaining 20% was reserved for testing.

3.2 Regression and Classification Algorithms

(Regresyon ve Siniflandirma Algoritmalart)

Machine learning, a subset of artificial intelligence in
computer science, enables systems to learn and
improve from experience using data. Rooted in
statistical learning theories, these algorithms apply
statistical and computational techniques to detect
patterns in data and forecast future trends. Depending
on the training approach and whether outputs are
provided during training, machine learning can be
divided into ten distinct categories. The categories
include neural networks, dimensionality reduction
techniques,  supervised,  unsupervised,  semi-
supervised, ensemble, reinforcement, instance-based
learning, evolutionary, and hybrid approaches.
[19]. This study used a total of eight different
machine learning models. Four of these models
consisted of regression and four consisted of
classifying algorithms. The classification algorithms
are logistic regression, logistic regression and
logistic regression. The classification algorithms are
Logistic, Vectorial Classification, Decision Tree,
and Random Forest. The goal is the comparison of
regression and classification techniques in the
prediction of the target variable. The scikit-learn and
stats-models libraries in Python are used to
implement these algorithms. All the algorithms
used in the

research are briefly explained in the following
sections.

3.2.1 Regression Algorithms (Regresyon Algoritmalarr)

As a statistical technique, regression analysis is
widely used to understand the relationship between
dependent and independent variables. This analysis
enables the investigator to comprehend and forecast
how the value of the dependent variable will change
with a change in any of the independent variables.
[20].

Linear Regression (Dogrusal Regresyon)

Linear regression is a common statistical approach
utilized in machine learning to model the connection
between a dependent variable (target) and one or
several independent variables. This relationship is
represented through a linear equation. When there is
only asingle predictor, the method is known as simple
linear regression. However, if there are multiple
predictors involved, the model is referred to as
multiple linear regression [21].

Support Vector (Destek Vektorii)

Support Vector Regression (SVR) is an adaptation of
the Support Vector Machine (SVM) designed for
regression tasks, aiming to fit a continuous function to
the given data. SVR retains many of the strengths of
SVM classification, including its capability to manage
high-dimensional datasets and capture intricate
relationships among variables. The use of a kernel
function enables the algorithm to map nonlinear
relationships into a higher-dimensional space, where
linear patterns can be more easily detected, thus
allowing SVR to effectively handle nonlinear
dependencies between variables. This allows the SVR
to capture complex patterns and predict accurately in
the presence of noise or imperfect data [22].

Decision Tree Regression (Karar Agaci Regresyonu)

Decision tree regression is essentially an adapted
version of decision tree classification for
approximating real-valued functions such as
proportions or continuous variables. This method
proceeds by subdividing the data through a process of
repeated binary splitting. Decision tree regression
creates a tree-like structure for modeling real-valued
functions and at each step selects the optimal split
that minimizes the sum of squared deviations. This
process continues until the minimum node size of
the tree is reached. The resulting tree provides a
predictive
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model for continuous variables [23].

Random Forest Regression (Rastgele Orman Regresyonu)

Random forest regression is an ensemble method that
combines multiple decision trees to build a strong
predictive model suited for regression problems.
While initially developed for classification purposes,
it has been adapted and extended for regression
analysis. In random forest regression, multiple
decision trees are constructed and combined to
enhance the overall prediction accuracy. An arbitrary
training data set is used to train each tree, using an
arbitrary feature set. During training, each tree
independently predicts on the basis of the input
[24].

3.2.2 Classification Algorithms (Siiflandirma
Algoritmalari)

Classification algorithms are techniques designed to
analyze data that has already been categorized. In this
context, classification problems arise when the
outcome is restricted to one of several predefined
categories, such as “Yes/No” or “True/False.” Based
on the number of potential output classes, the
problem is classified as either a binary classification
(with two classes) or a multiclass classification (with
more than two classes) [19].

When the outcome is binary, such as determining
whether a student has a personal room, the model is
referred to as a binary logistic model. If the logistic
regression model includes only a single predictor
variable, it is known as simple logistic regression.
However, if the model includes multiple predictor
variables, which can be either categorical or
continuous, it is termed as multiple or multivariate
logistic regression [25].

Support  Vector Classification: Support Vector
Classification (SVC) is an algorithm in machine
learning designed to address classification tasks. This
approach utilizes a learned decision boundary, known
as a hyperplane, to separate and classify data points
effectively. SVC is a classification variant of the
Support Vector Machine (SVM) and employs the
same foundational principles as SVM. It uses the
same support vector concept as SVM to
determine a decision limit for classifying data points
into different classes. The main advantage of the
SVC is that it is able to make the data separable in a
linear way in high-dimensional spaces. The data
points are classified through the creation of
complex decision boundaries [26].

Decision Tree: A decision tree is a hierarchical model
resembling a flowchart, where rectangles denote
internal decision nodes and ovals indicate leaf nodes.

This algorithm is widely used because it is simpler to
implement and more intuitive than many other
classification methods [27]. Decision tree classifiers
often provide comparable or even superior
accuracy compared to alternative
classification techniques. Depending on the dataset
size, available computational resources, and the
algorithm’s  scalability, decision trees can be
executed in a sequential or parallel manner [28].

Random Forest: Random forest is an ensemble
technique that merges multiple machine learning and
classification algorithms. It aggregates the
predictions from a collection of decision trees,
with each tree casting a single vote for the most
likely class. The combined results of these votes
determine the final classification. Random forests
typically exhibit high accuracy, are resilient
to outliers and noise, and avoid overfitting issues
[29].

3.3 Feature Selection (Ozellik Segimi)

Selecting the right features or variables is a critical
phase in constructing a machine learning model. The
inclusion or exclusion of specific variables can
significantly alter the overall performance of the
model. In this study, multiple approaches were
applied for feature selection. The first approach
involved leveraging findings from  existing
literature. As described earlier, the variables chosen
in this research either directly align with those
mentioned in the literature or correspond to the
2018 equivalents of previously studied variables.
The second approach focused on assessing
variable  importance  using  the  XGBoost
classification algorithm.

XGBoost (eXtreme Gradient Boosting) is a widely
used algorithm known for its effectiveness in feature
selection. One of the primary strengths of XGBoost
is its ability to highlight key features in a dataset.
By utilizing metrics like feature importance ranking
and feature contribution, it helps in identifying
the most influential variables. This approach
aids in removing irrelevant or less impactful
features, ultimately  enhancing the  model’s
predictive capability.

3.4 Model Evaluation

Degerlendirme ve Metrikler)

and Metrics  (Model

Evaluation metrics are essential standards used to
assess the effectiveness of classification algorithms in
an objective manner. In this research, the key metrics
utilized to evaluate classification performance include
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the Confusion Matrix, Accuracy, Precision, Recall
(Sensitivity), F1 Score, and ROC Curve.

These evaluation metrics are applied to compare the
performance of various classification algorithms,
helping to identify the model that achieves the highest
performance. They provide a standardized approach
for determining which algorithm excels in specific
metrics, offering a fair basis for model selection.

Accuracy is defined as the proportion of correctly
predicted instances out of the total number of
instances. The calculation for this metric follows the
formula shown below.

| ~ TP + TN
Couracy = Tb Y TN + FP + FN

Precision refers to the ratio of correctly identified
positive samples among all samples predicted as
positive. The formula below is used to determine the
precision value.

TP
TP + FP

Recall indicates the rate at which true positive samples
get detected. This measure is used according to this
formula.

Precision =

TP
TP + FN
The F1 value gives the harmonious mean of sensitivity
and precision. It is a metric that is often used as a

balanced metric for evaluation purposes. The formula
that is used to calculate this metric is given below.

Recall =

Pl = 2 * Precision * Recall _ 2+«TP
"~ Precision + Recall ~ 2%TP + FP + FN

The ROC curve illustrates the connection between the
true positive rate (TPR) and the false positive rate
(FPR) by varying the classification thresholds. The
area under the curve (AUC) quantifies the area
beneath the ROC curve and serves as an indicator of
the classifier’s overall performance.

Also, in this study, we used Mean Absolute Error
(MAE) and R-squared, two important evaluation
metrics for regression analysis. These two metrics are
widely utilized statistical tools for assessing the
performance of regression models. Mean Absolute
Error (MAE) calculates the mean of the absolute
differences between the observed values and the
predicted values. This metric has an important role in
assessing the prediction accuracy of a regression
model.

The following formula calculates MAE:

iy — 3l

MAE(y,9) = ===

Where, n is the number of observations, y; is the true
values and, §; is the predicted values. The lower the
MAE value, the closer the predictions of the model are
to the true values and the higher the model's prediction
accuracy. R-squared is a metric that measures the fit
of the regression model and how much of the variance
of the dependent variable it explains. R-squared takes
a value between 0 and 1; the closer it is to 1, the better
the model describes the variability in the dependent
variable.

4. Results and Discussion (Sonuglar ve Tartisma)

In this section, we evaluated the result of regression
and classification analysis of 4 developing countries
concerning match achievement.

4.1 Pre-processing Application (On islem Uygulamast)

This data set was finally split into four data sets for
four countries, and CNT was removed from these new
data sets in a first stage of pre-processing. The number
of observations for each of the countries is shown in
Table 2 below.

Table 2. Countries Distribution
(Ulke Dagilimi)
Tirkiye

Country Thailand
Observation 6890 5294 7299 8633

Bulgaria  Mexico

How to deal with the problem of missing data was the
second stage of the pre-processing. Missing data is a
serious problem when analysing the new datasets at
country level. Missing data are listed in Table 3.

Table 3. Missing Values

Country Tirkive  Bulgaria ~ Mexico  Thailand
ST004D01T 0 0 0 0
ESCS 35 181 824 51
WEALTH 37 163 831 50
HOMEPOS 33 126 824 47
CULTPOSS 121 318 855 59
HEDRES 71 246 844 53
ST011Q02TA 92 225 861 64
MISCED 55 177 845 60
FISCED 57 283 974 82
MMINS 353 1783 3391 469
TMINS 967 2154 4740 4344
PERCOOP 323 1632 3550 353
PERCOMP 286 1560 3129 299
BELONG 103 967 1777 140
EMOSUPS 215 1423 3027 276
PERFEED 124 534 925 113
SUM 2872 11772 27397 6460
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Reviewing Table 3 reveals that simple imputation
techniques, like replacing missing values with the
arithmetic mean or median, are ineffective. These
approaches can render the models useless in both
regression and classification, as they tend to
emphasize average values and overlook the extremes
in the data. Instead, it is crucial to address the data
gaps while preserving the range covered by the
original dataset. In such cases, either supervised or
unsupervised machine learning methods can be
applied. However, using supervised learning models
for imputation could lead to overfitting issues in
subsequent  prediction  tasks.  Given these
considerations, we opted for an unsupervised
approach, specifically the K-Means clustering
algorithm, to handle this process. The K-means
algorithm works by grouping the available data points
into distinct groups (clusters) based on the similarity
of their features. For missing values, the algorithm
assigns each instance with missing data to the nearest
cluster. The missing values are then imputed using the
mean or median of the corresponding feature within
that cluster. Rather than simply imputing overall
averages or removing entries altogether, this method
uses the inherent structure in the data to make
informed guesses about the missing entries [30]. This
was done by first removing from the country
datasets observations with one or more missing
observations. The before and after
information for the countries is shown in Table 4.

Table 4. The before-and-after information for the
countries (Ulkeler igin Oncesi ve Sonrasi Bilgileri)

Country Tiirkiye Bulgaria Mexico Thailand
n_total 6890 5294 7299 8633
n_missing_values 1466 2848 5096 4555

missing_values_total 2872 11772 27397 6460
n_remains 5424 2446 2203 4078
% 21.3 53.8 69.8 52.8

After presenting the data in Table 4, which outlines
the preprocessing of missing data for the countries
studied, we applied the K-Means clustering model to
datasets of 17 variables with no missing values. This
preparatory step is critical for ensuring the integrity
and utility of the data before further analysis. As
shown in Figure 4.1, the Elbow method was utilized
to determine the optimal number of clusters for each
dataset, resulting in a division into five clusters for
each country. This clustering preserved the original
data structure and effectively addressed the gaps
caused by missing data.

distortion score

distortion score

distortion score

08

04

0z

P

05

Tiirkiye

a8 Distortion Score Elbow for KMeans Clustering

=== ebowatk=>5, score=107367011.474
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168 Distortion Score Elbow for KMeans Clustering

=== ebow at k =3, score = 56140862.987

Mexico
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=== ghow atk =35, score = 69662359.524
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Thailand
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Figure 1. Elbow Method Charts For Countries
(Ulkeler igin Dirsek Yéntemi gizelgeleri)

Following the graphical display in Figure 1, it is clear
that the Elbow method provides a robust framework
for understanding the data structure. By selecting five
clusters, we ensure that the data segmentation is
neither too sparse to capture essential patterns nor too
dense to overfit minor variations. This balance is
crucial for the effectiveness of subsequent analytical
models which rely on the segmentation quality.

4.2 Feature Selection Results (Ozellik Segimi Sonuglarr)

The XGBoost algorithm utilizes F-scores to evaluate
the significance of features. The F score is a statistical
indicator that measures how much a feature influences
the target variable. Features with higher F scores are
considered to have a stronger effect on the target
variable, whereas lower F scores suggest a weaker
influence. In Figure 2, the F scores assigned to each
country serve as a key factor in determining the
importance of features.
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Figure 2. Feature Importance of Variables

according to Countries (Ulkelere Gére Degiskenlerin Ozellik
Onemi)

Each variable has a high F-score and is therefore
important in explaining the target variable, according
to the results of the XGBoost classification model.
(Figure 1).

4.3 Regression Results (Regresyon Sonuglarr)

We used Mean Absolute Error (MAE) and R-squared,
two important evaluation metrics for regression
analysis. Both metrics are standard statistical
measures used to quantify and evaluate the
performance of regression models.

The MAE and R-squared metrics were used to
evaluate the performance of regression models. MAE
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measured the closeness of predictions to actual values,
while R-squared helped assess the model’s fit and the
explainability of the dependent variable. Both metrics
played an essential role in model selection and
comparison and contributed to interpreting the
regression analysis results. Accordingly, the results
for the relevant metrics for each model are presented
in Table 5.

Table.5 Evaluation Metrics for Regression Models
(Regresyon Modelleri i¢in Degerlendirme Metrikleri)

(o LinearRegression ~ SupportectorR, Decision TreeR.~ Rendom Frest R,
OME R OME R ME R M
Ty 02 518 01 6% 03 800 070 W03
Blgaia 029 M3 0% w6 0% W0 08 46
Veio 0% 43 046 %8 0% B4 00 R
Tald 048 515 046 5L 08 MM OM AL

The lower the MAE, the closer the model predictions
to reality. The explanatory power of the model is also
higher the closer the R-squared is to 1. In this context,
when the values for Tiirkiye are analyzed, it is seen
that the highest R-squared for Tiirkiye belongs to
Random Forest Regression (71%). Similarly, the
lowest MAE value is also observed in Random Forest
Regression (MAE=50.54). Accordingly, the most
appropriate regression algorithm for Tirkiye is
Random Forest.

Moreover, when the values for Bulgaria are analyzed,
it is seen that the highest R-square value belongs to
Random Forest Regression (80%). Similarly, the
lowest MAE value is also seen in Random Forest
Regression (MAE=47.43). Accordingly, the most
appropriate regression algorithm for Bulgaria is
Random Forest.

Similarly, the Mexican results show that the highest
R-squared value belongs to the Random Forest
Regression (80%). As in the other countries, the least
MAE value for Mexico is also seen in the Random
Forest Regression (MAE=33.29). Accordingly, the
most appropriate regression algorithm for Mexico is
Random Forest.

Finally, looking at the results of the values for
Thailand, it is apparent that the highest R-squared
value belongs to the Random Forest Regression (84%)
as in the other countries. In addition, the lowest MAE
value for Thailand is also seen in Random Forest
Regression (MAE=41.45). Therefore, it can be
concluded that the most favorable regression
algorithm for Thailand is Random Forest.

In terms of the above information, it is seen that the
regression model with the lowest MAE and the
highest R-squared value for all countries is Random
Forest Regression. Therefore, Random Forest is the
most appropriate regression model for the above
countries.

4.4 Classification Results (Siniflandirma Sonuglarr)

As with regression models, evaluation metrics for
classification models are reported in this section. In
Table 6 below, the performance of two-class models
by countries is presented comparatively. Accordingly,
Tikiye's performance varies between 68-76%,
Bulgaria's performance between 74-89%, Mexico's
performance  between 83%, and Thailand's
performance between 79-89%. The SVC model
showed the lowest performance in Tikiye and
Mexico, while the Logistic Regression model showed
the lowest performance in Bulgaria and Thailand.
Although all models performed 83% in the dataset in
Mexico, F1, Precision, and Recall values differ from
model to model. The 83% success rate in all models is
due to more missing data in Mexico compared to other
countries. In the Mexican dataset, the ratio of
observations with one or more missing data to all
observations is approximately 70%.

Table.6 Evaluation Metrics for Classification Models
(with 3-class) (Smiflandirma Modelleri igin Degerlendirme
Metrikleri (3 siniflr))

Country Model F1 Accuracy Precision Recall

LR 0.66 073 071 0.65

SvC 049 0.68 0.72 0.54

Turkey DTC 0.65 0.74 0.74 0.65

RFC 0.70 0.76 0.75 0.69

LR 0.65 0.74 0.68 0.64

) SvC 0.72 0.78 0.74 0rn

Bulgara DTC 0.76 0.79 0.75 017

RFC 0.86 0.89 087 0.85

LR 0.56 0.83 0.67 0.55

Mexico sve 045 0.83 042 050

DTC 0.60 0.83 0.69 058

RFC 0.64 0.83 0.68 062

LR 0.74 0.79 0.76 0.713

) sve 0.80 084 082 0.80
Thailand

DTC 0.84 087 0.86 083

RFC 0.86 0.89 087 085

Following the evaluation metrics presented in Table 6,
the ROC curves for Tiirkiye, Bulgaria, Mexico, and
Thailand illustrate the performance of the
classification models across different thresholds. Each
curve demonstrates the capability of the models to
maintain balance between sensitivity and specificity,
crucial for predicting the correct class labels. Notably,
the ROC curve for Mexico shows a distinctive pattern
of a sharp initial rise followed by a stable plateau,
indicating a higher initial true positive rate compared
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to other countries. These differences underscore the
varying performance of the models in each setting,
which is further evidenced by the Random Forest
model's consistent superiority in handling both high
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Figure 3. ROC Curve For SVC In 3-Class Model
(3 smifli modelde SVC igin ROC Egrisi)

After reviewing the ROC curves presented in Figure
3, which illustrate the differing performances of
models across various countries, it is crucial to
recognize the findings of Bayirli et al. [18]. This
research underscores the high accuracy of the Random
Forest model in processing data from Thailand among
twelve Asian countries. The study identifies
significant predictors of mathematical achievement
including the economic, social, and cultural status of
the student, family welfare, household possessions,
sense of belonging, and time allocated for study. These
variables highlight the multifaceted nature of
educational achievement and point towards areas for
targeted educational interventions to enhance
outcomes.

5. Conclusion (Sonug)

In this study, we assessed the efficacy of various
machine learning models to predict student
accomplishment using PISA 2018 data using
regression and  classification methods. The
classification methods are logistic regression, support
vector, decision tree, and random forest, while the
regression techniques are multiple linear regression,
support vector, decision tree, and random forest. We
also assessed the differences in the performance of
these models when other countries and educational
characteristics were considered. In selecting
countries, we considered four countries with similar
economic conditions on different continents. These
countries are Tirkiye, Bulgaria, Mexico, and
Thailand, respectively. Our study's principal goals are
to assess the performance of machine learning models
on PISA 2018 data and investigate potential
applications in education. Also, we are planning to
study some more different types of PISA
achievements in order to propose this model as a kind
of decision support system for decision-makers while
they are deciding the education policy.

First, the dataset's missing values were located, and
the K-means algorithm was used to fill them in

appropriately. Each data point is assigned to a cluster
by the K-means algorithm, which groups data points
into distinct clusters. Data is sorted using this
procedure into groups with related qualities. The
dataset was split into five separate categories using the
K-means technique. These groupings were formed
based on similar characteristics and features in the
data. At this point, the group to which the rows
containing the missing data belonged was established.
The missing rows were then filled with the average of
the relevant categories after determining which group
the missing data rows belonged to.

Also, we utilized the Gradient Boosting algorithm to
conduct feature selection among the various variables
associated with mathematics achievement based on
the findings from the literature research and included
in the PISA 2018 dataset. Feature selection is critical
in enhancing the model's performance and minimizing
the influence of irrelevant variables. Following the
feature selection process, it was observed that each
variable significantly impacted predicting the
mathematics score. Consequently, a set of 16 variables
was identified as crucial predictors for accurately
forecasting the math scores.

The appropriate algorithms were run once the data
became suitable for machine learning models. Our
results show that various machine learning models
perform well with PISA data for regression and
classification analysis. We evaluate our regression
model on mean absolute error (MAE) and R-squared
metrics. Furthermore, the F1, Accuracy, Precision,
and Recall metrics that we used for classification
model evaluation were used to assess the classification
model success.

In the regression analysis, according to the results of
the related models, the Random Forest Regression
model achieved the highest R-square values. This
result varies between 71% and 84% across countries,
while the linear regression model with the lowest
explanatory power has R-square values between 22%
and 43%. As a result, it can be seen that the model
performs better in both explaining the dependent
variable and predicting students' performance. The
MAE numbers similarly show that Random Forest
Regression has the lowest error rate. These findings
suggest that Random Forest Regression is the most
appropriate regression technique for Tirkiye,
Bulgaria, Mexico, and Thailand.

The Random Forest Classification model has the
highest F1, Accuracy, Precision, and Recall scores in
classification analysis. These findings reveal that the
Random Forest Classification model outperforms
other models in analyzing PISA data and categorizing
students. The Accuracy scores of the RF algorithm
across countries ranged from 73% to 83%. The
Accuracy results of the other algorithms vary across
countries. As a result, the Random Forest
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Classification model is the most appropriate method
for classification analysis in Tirkiye, Bulgaria,
Mexico, and Thailand.

This research has shown that machine learning models
are practical and efficient for studying PISA data. In
particular, it was found that the Random Forest
Classification and Random Forest Regression models
outperformed other models in classifying students and
predicting student achievement. These results could
provide a more reliable basis for making educational
decisions and aid in developing more data-driven and
effective educational policies.

Future research can assess machine learning models in
greater detail using more extensive and complete data
sets. Additionally, a more thorough study of the PISA
data can be carried out using various machine-learning
algorithms and techniques. Such research can aid in
creating more useful educational policies, practices,
and initiatives to raise student achievement.

In conclusion, our study has shown how machine
learning models can be powerful and helpful in
analyzing PISA data. Based on PISA data, the
Random Forest Regression and Random Forest
Classification models performed the best and offered
insightful information to decision-makers- and
policymakers in the field of education. This study
highlights the significance of making data-driven
decisions in education.
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Mobil saglik (m-saglik) elektronik sagligin (e-saglik) dnemli bir pargasidir ve e-saglik ise, bilgi
ve iletisim teknolojilerinin sagladig1 olanaklarmn, hastaliklarin teshis ve tedavi edilmesi, saglik
hizmetlerine erisilebilirligin arttirilmasi, saglik sektoriinde yer alan tiim paydaslara kaliteli, verimli
ve etkili saglik hizmetlerin sunulmasi i¢in kullanilmasidir. M-saglik ise, mobil telefonlar, hasta
takip araglari, kisisel dijital asistanlar gibi mobil teknolojiler ve iletisim araglar ile saglik
hizmetlerinin sunulmasi olarak ifade edilebilir. Giin gectikge mobil teknolojilerin kullanimimin
artmastyla mobil saghgm, saglik sistemleri igerisindeki yeri daha da énem kazanmaktadir. Bu
calismanin amaci, mobil teknolojilerin mevcut saglik sektorii teknolojileri igerisindeki yerine
iliskin kapsamli bir literatiir taramas1 yapmak, mobil teknolojilerin kiiresel saglik sektoriindeki
gelisimini degerlendirmek ve bilgi teknolojileri altyapisinin yani sira sektor igin ihtiyag duyulan
yetkinlik ve kabiliyetleri degerlendirmektir. Literatiir incelendiginde, saglik sektdriindeki mobil
teknolojilere odaklanan bu kapsam ve 6lgekte bir aragtirmaya rastlanmamistir. Aragtirmamiz bu
onemli boslugu doldurmay:1 ve saglik politikas1 yapicilar1 ve diizenleyicileri igin 6nemli bir
referans saglamay1 amaglamaktadir. Arastirmamiz kapsaminda Google Scholar iizerinden “Saglik
Sektorii Mobil Teknoloji” sozciikleri ile 600 {izerinde dokiiman ve Web of Science (WoS)
iizerinden 916 dokiimana erigilmis ve arastirmacilarin degerlendirmesi ve amag¢ edinen konu
basliklar cercevesinde degerlendirmesi ile bir sonu¢ ortaya konulmustur. Arastirmamiza WoS
iizerinde arastirma makalesi ve derleme makalesi tilirlindeki arastirmalar dahil edilmistir.
Arastirmamiz dokiiman incelemeleri iizerinde gergeklestirilen bir ¢caligmadir. Diinya genelinde
saglik hedeflerine ulagsmak i¢in mobil ve kablosuz teknolojilerin kullanilmasi saglik hizmeti
sunumunun seyrini diinya ¢apinda doniistiirme potansiyeline sahiptir. Bu ger¢egin farkinda olarak
literatiir degerlendirilmistir. Yapilan literatiir ¢aligmasinda 15 farkl baslikta saglik sektorti, saglik
arastirma alani ve mobil teknolojinin mobil saglik altinda gruplanabilecegi arastirma alanlari
belirlenmistir. Her bir bashk literatiirdeki uygulama alanlar1 ile kapsami bir sekilde
degerlendirilmistir.
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Mobile health (m-health) is an important part of electronic health (e-health) and e-health is the use
of the opportunities provided by information and communication technologies to diagnose and
treat diseases, increase accessibility to health services, and provide quality, efficient and effective
health services to all stakeholders in the health sector. M-health can be defined as the provision of
health services through mobile technologies and communication tools such as mobile phones,
patient tracking tools, personal digital assistants. With the increasing use of mobile technologies
day by day, the place of mobile health in health systems is becoming more important. The purpose
of this study is to conduct a comprehensive literature review on the place of mobile technologies
in current healthcare technologies, to evaluate the development of mobile technologies in the
global healthcare sector, and to assess the competencies and capabilities needed for the sector as
well as the information technology infrastructure. When the literature is examined, there is no
research of this scope and scale focusing on mobile technologies in the healthcare sector. Our
research aims to fill this important gap and provide an important reference for health policy makers
and regulators. Within the scope of our research, over 600 documents on Google Scholar with the
words “Healthcare Mobile Technology” and 916 documents on Web of Science (WoS) were
accessed and a conclusion was drawn by the evaluation of the researchers and the evaluation within
the framework of the aiming topics. Research articles and review articles on WoS were included
in our research. Our research is a study conducted on document reviews. The use of mobile and
wireless technologies to achieve health goals worldwide has the potential to transform the course
of healthcare delivery worldwide. Recognizing this fact, the literature was evaluated. In the
literature review, 15 different topics were identified under the health sector, health research area
and research areas where mobile technology can be grouped under mobile health. Each title was
evaluated in a comprehensive manner with its application areas in the literature.

DOI: 10.59940/jismar.1521397

1. INTRODUCTION (GIRIS)

Information technologies and health informatics
systems play a crucial role in addressing problems
within the healthcare sector. Like other industries, the
healthcare sector has been significantly impacted by
information technologies. The utilization of
information technologies in healthcare greatly
facilitates the work of healthcare professionals,
allowing them to easily access needed information and
enabling managers to make more effective decisions
[1] The information technology sector has un-dergone
a major transformation, especially after the 2000s.
This transformation has affected all sectors in some
way. New professions have emerged in areas that were
previously unheard of, and new technol-ogies have led
to the birth of new sectors or job fields. Meanwhile,
some professions have faded into history [2-5] The
areas where wireless technologies can be used in the
delivery of public services include law enforcement,
fire fighting, education systems, healthcare systems,
transportation, and emergency medical aid [6] The
healthcare sector is one of the most significantly
impacted by this transformation. The prerequisite for
continuing existence in this process is to adapt to the
digital transformation brought about by technological
advancement [7]

After the 2000s, the widespread use of smartphones
and the health applications developed for these phones
have enabled patients and healthy individuals to
increase their awareness and consciousness about
their health and diseases, stay closer to their doctors,

track their diseases and medical data without time and
distance limitations, perform preliminary tests
regarding their health, schedule remote ap-
pointments, and access many other services [8]
Access to information from anywhere and at any time
is made possible through mobile technologies. The
healthcare sector is also influenced by evolving and
renewing technology. The use of mobile technologies
in the healthcare sector is becoming more widespread
day by day. Mobile health (m-health) applications
developed for patients offer various treatment
opportunities and have the potential to enhance
patients' quality of life [9] For doctors, caregivers,
nurses, and health institution managers, mobile
technology offers significant convenience due to the
technological capabilities it encompasses.

The timely access to healthcare services by every
individual in need, regardless of time and place, the
fair use of these services, and the effective and
efficient continuation of healthcare services are im-
portant both for individuals and public authorities [10]
The power and reach of mobile communication
provide great versatility and benefits in delivering
high-quality, low-cost healthcare services [11] One of
the most important social duties of governments is to
provide their citizens with timely and quality medical
care at affordable prices, regardless of their status and
social standing. The successful use of advancements
in health technologies in healthcare services in many
countries has accelerated the development of
fundamentally new medical care organizations and
methods for society [12].



Muhammet DAMAR, Oguzhan KOP, Omer Faruk SAYLAN, Fatih Safa ERENAY/ Bilisim Sistemleri ve Yonetim Arastirmalart Dergisi 39

6 (2). (2024) 37-59

Currie & Seddon [13] argue that to enhance the
effectiveness of citizens in healthcare services, mobile
technology needs to be part of a broader social
innovation. They claim that public health culture will
change with the development of a healthcare
infrastructure supported by these applications. This
study aims to conduct a comprehensive literature
review on the place of mobile technologies within cur-
rent healthcare sector technologies, evaluate the
development of mobile technology within the global
healthcare sector, and assess the needed competencies
and capabilities for the sector, alongside the in-
formation technology infrastructure. Upon reviewing
the literature, no research of this scope and scale
focusing on mobile technologies within the healthcare
sector was found. Our research aims to fill this
significant gap, providing an important reference for
health policy makers and regulators.

2. MATERIALS AND METHOD (Materyal ve
Metod)

In our study, we conceptually evaluated and discussed
e-health (electronic health), m-health (mobile health),
their stakeholders, the benefits of mobile technologies
in the health sector, technologies and usage tools that
will affect the development of m-health, and the
disadvantages and barriers facing m-health
applications in the context of the literature. Within the
scope of all field studies obtained, the topic of mobile
technology was discussed under 15 headings in the
discussion and conclusion section. The 916 articles
accessed through WoS were first reviewed through

their abstracts and then by accessing their full texts to
reveal the general patterns of the topics. In the
discussion and conclusion section, the prominent
topics in the literature, as seen specifically in the
health sector, include gamification in m-health
services, m-health and the nursing field, m-health in
terms of corporate m-health services, hospital and
disaster management, the use of mobile technology in
clinical services, the health sector and wearable
technologies, mobile learning, the use of mobile
technology in the education of patients and healthcare
professionals, mobile technology and community
health services, active patient monitoring, counseling
and mobile technology, mobile technology, youth and
children, mobile technology and elderly care, mobile
technology and access for disabled citizens, personal
applications and personal health services in m-health,
other prominent applications in m-health services,
disease and epidemic surveillance in m-health, ethical
and legal issues in m-health, and barriers in the
development of mobile technology within the health
sector.

For the study, numerous different topics (such as
mobile technology and the health sector) were rapidly
digitized in today's world using the Google Scholar
and WoS databases in both Turkish and English. The
value of mobile technology applications and research
within the healthcare sector for doctors, patients,
hospitals, as well as policymakers was
comprehensively evaluated. The research areas in-
cluded in the scan on WoS are shown in Table 1.

Table 1. Research Areas in the Field of Health Included in the Search on WoS
(Tablo 1. WoS'ta Aramaya Dahil Edilen Saglik Alanindaki Arastirma Alanlar)

> Health Care Sciences Services > (Cardiac Cardiovascular Systems | > Radiology Nuclear Medicine
> Medical Informatics > Immunology Medical Imaging
> Public Environmental > Psychology Experimental > Urology Nephrology
Occupational Health > Endocrinology Metabolism > Anthropology
> Nursing > Pharmacology Pharmacy > Biotechnology Applied
i L . . Microbiol
> Psychiatry > Engineering Biomedical 1crf) 10logy o
> Medicine General Internal > Obstetrics Gynecology > Dentistry Oral Surgery Medicine
> Clinical Neurology > Psychology Educational = Emergency Medlc.m.e o
> Health Policy Services > Family Studies > Geosciences Multidisciplinary
> Multidisciplinary Sciences > Geriatrics Gerontology > Parasitology
.. S > Qastroenterology Hepatol
> Oncology > Humanities Multidisciplinary as I“OGTI crology Hepatology
> Neurosciences > Orthopedics > il/}t?ratlve Complementary
edicine
> Medicine Research Experimental .
> S P > Primary Health Care > Psychology Biological
urge .
f_” ry > Psychology Applied > Rheumatology
> Pediatrics > Psychology Social

In our research, over 600 documents were accessed
through Google Scholar using the keywords "Health
Sector Mobile Technology," and 916 documents were

accessed through WoS. These documents were
evaluated by researchers within the framework of the
intended subject headings. Our research included
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research articles and review articles from WoS. The
study is based on document reviews. The subject of
mobile technology was filtered in both Turkish and
English, and sections related to the health sector were
accessed through WoS. Relevant documents were
filtered, and the focus was particularly on recent
studies to inform the reader about current trends in the
field.

3. CONCEPTUALLY, ELECTRONIC HEALTH (E-
HEALTH), MOBILE HEALTH (M-HEALTH)
AND STAKEHOLDERS OF MOBILE HEALTH
(KAVRAMSAL OLARAK ELEKTRONIK SAGLIK (E-
SAGLIK), MOBIL SAGLIK (M- SAGLIK) VE MOBIL
SAGLIGIN PAYDASLARI)

In the 1920s, a writer for 'Radio News Magazine'
mentioned that a doctor could examine a patient re-
motely using the radio, marking the first use of mobile
applications in healthcare. The initial applications,
however, appeared in the 1960s, with applications
developed to monitor astronauts' medical conditions
from space being the first examples of m-health [8]
By the 2000s, the increase in smartphone usage led to
the introduction of applications that allowed people to
benefit from healthcare services regardless of time and
place, activating electronic appointment systems and
increasing individuals' health awareness and activities
[14] With the widespread use of the internet, people's
mobile and digital demands and expectations have
increased [15] Smartphones and computers, as
powerful devices capable of accessing the internet and
running various complex applications, have become
attractive and widespread in the global health world
[16] Innovations in mobile phone technology are
transforming weak and low-performing health
information systems into more modern and efficient
information systems [17] Digital technologies are
leading to the formation of an integrated health system
that enhances digital connectivity among patients,
healthcare workers, stakeholders, and companies
within the health system [18]

M-health is an essential part of electronic health (e-
health), which Coban & Tiiysiiz [19] define as the use
of information and communication technologies to
diagnose and treat diseases, increase access to
healthcare services, and deliver high-quality, efficient,
and effective healthcare services to all stakeholders in
the health sector. As the use of mobile technologies
increases daily, the significance of m-health within
healthcare systems is also growing. Mobile
communication technologies are defined as personal
and shareable technological devices used to maintain,
improve, and enhance individuals' health status [20]
M-health refers to the delivery of healthcare services
through mobile technologies and communication

tools such as mobile phones, patient monitoring
devices, and personal digital assistants [21] Mobile
applications are used in various areas, including
disease prevention, reduction of risk factors,
enhancement of physical activity and quality of life,
as well as diagnosis, treatment, feedback, and
monitoring. These applications facilitate clinical data
collection, record-keeping, and access to medical
records anytime and anywhere, providing patients and
healthcare professionals with quick and accurate
information [14]

Thanks to technological advancements, smartphones
have become an integral part of our lives. Nowadays,
many institutions offer mobile applications for
smartphones to make processes easier and faster.
Operating systems have transformed smartphones
from mere phones into mini pocket computers. Since
these phones operate like computers, the applications
developed for them are of critical value. Mobile
applications are defined as software that can be
downloaded to smart devices and used for a specific
field, developed through the innovative
transformation of mobile devices. Mobile ap-
plications are considered strategic tools in creating
behavior change and improving unhealthy behaviors
developed due to incorrect habits [22]

According to Giannini [23], mobile technology
involves the use of smartphones for communication
and documentation in patient care. M-health is a
component of e-health. M-health encompasses using
and benefiting from basic functions of mobile phones
such as voice and short message service (SMS) as well
as more complex functions and applications like
general packet radio service (GPRS), third and fourth
generation mobile telecommunications (3G and 4G
systems, and even 5@G), global positioning system
(GPS), and Bluetooth technology [24] M-health is
defined as the practice of medicine supported by
portable diagnostic devices. The use of these devices
at the point of care is leading to a shift from a
healthcare delivery method created by health systems
to a remote and patient-generated healthcare delivery
method [25] M-health is a term that encompasses
network services, medical sensors, mobile computing,
and other communication technologies in healthcare
[20]

M-health, or more commonly m-health, involves the
use of wireless communication devices to support
public health and clinical practice [26] The use of
mobile and wireless technologies to achieve health
goals globally has the potential to transform the
delivery  of  healthcare = worldwide. = Rapid
advancements in mobile technologies and
applications are continuously growing with the
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integration of m-health into existing e-health services
[16] Mobile health (mHealth) is defined by the World
Health Organization’s (WHO) Global Observatory for
eHealth as “medical and public health practice
supported by mobile devices, such as mobile phones,
patient monitoring devices, personal digital assistants
(PDAs), and other wireless devices” [27] Although
technological barriers exist, particularly in developing
or underdeveloped countries, successful
implementation can provide very cheap and effective
healthcare services through mobile technologies.
Furthermore, the rapid global spread of mobile
technology and its use to increase health literacy,
especially in rural areas or underdeveloped
communities, is also possible. This can lead to the
creation of a more informed patient profile and the
delivery of high-quality, low-cost, flexible, and
beneficial healthcare services.

4. BENEFITS OF MOBILE TECHNOLOGIES TO

THE HEALTH SECTOR (MOBIL
TEKNOLOJILERIN ~ SAGLIK ~ SEKTORUNE
FAYDALARI)

M-health enables more efficient collection of health
data and monitoring of health status using mobile
devices to facilitate faster and better treatment and
enhance health protection. The mobile devices used
include mobile phones, smartphones, tablets, Personal
Digital Assistants (PDAs), smartwatches, smart
glasses, smart TVs, wearable technologies, and any
portable or implanted sensors capable of collecting,
measuring, and transmitting medical data. These
devices allow for the remote monitoring of medical
data, the collection of significant amounts of
meaningful data related to lifestyle and daily
activities, sending health and treatment reminders,
providing alerts, and performing certain diagnostic
and therapeutic applications [8]

Figure 1. Benefits of Mobil Technology in Healthcare Application [148]
(Sekil 1. Saglik Uygulamalarinda Mobil Teknolojinin Faydalar: [148])
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Mobile e-health or m-health is defined by the
European Union as the practice of medicine and
public health supported by mobile communication
devices. These technologies include mobile phones,
tablet computers, and PDAs used to directly
communicate with healthcare institutions to access
health data and information [13]

Considering the opportunities provided by mobile
technologies, m-health applications can offer high-
quality, low-cost, flexible, and beneficial services. M-
health services enable remote monitoring of patients'
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conditions, making healthcare accessible from any
location and at any time [28] M-health is an umbrella
term that encompasses network services, mobile
programming, medical sensors, and other
communication technologies in healthcare [9]

Some of the opportunities and benefits of m-health
include [11]: functioning as a communication tool that
shares real-time information and messages, acting as
a remote monitoring tool that reduces isolation and
brings care into the home, serving as a tool that can
monitor and report the patient's health status in real-
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time, providing a video conferencing feature that
allows twoway communication between patients and
healthcare professionals, and acting as a companion
that motivates and reminds the user to exercise or take
their medications.

M-health applications allow patients to track their
doctor appointments, meals, heart rate, and exercise.
They also provide personalized solutions by offering
health/fitness applications suitable for individuals
based on their diet, demographics, and activity levels.
Some new applications allow patients to upload their
prescriptions and order medications to be delivered to
their homes, saving time and money from pharmacy
visits. Others enable doctors to communicate directly
with patients and monitor their vital parameters. Radio
frequency technology allows doctors to monitor
patients' locations and vital signs (such as blood sugar,
blood pressure, body temperature, etc.) in realtime
[12]

M-health technologies play a crucial role in the
transition to patient-centered healthcare delivery. Mo-
bile technologies can accelerate this transition by
defining and directing healthcare services towards a
"patient-centered" model, integrating them into the
daily lives and healthcare routines of consumers
accustomed to communitybased and "ondemand"
services [11] General practitioners and public health
experts use social media platforms, smartphone
applications, and smart objects to collect data in health
and medical fields, access and share medical
information, deliver healthcare services, and monitor
health activities, diseases, and epidemics (Lupton,
2013).

While m-health is a complementary element of
healthcare, its impact area is potentially broader than
that of traditional healthcare delivery due to the high

penetration of mobile phones and the internet. For
instance, in rural areas with low populations where
doctors, nurses, or midwives may not be available, it
is possible to deliver healthcare services to individuals
with mobile phones. The target audience of m-health
services and the institutions and organizations
involved or likely to be involved in this sector include:
consumers (patients, patient relatives, and healthy
individuals), doctors and healthcare workers,
healthcare providers (hospitals, m-health
organizations, joint health and safety units,
pharmacies, etc.), nursing homes, care homes, home
care companies, medical call centers, reimbursement
institutions  (social security institutions, health
insurance companies), private sector organizations,
pharmaceutical and medical device companies, and
healthrelated nongovernmental organizations [8] It is
also useful to refer to these entities as players and
stakeholders in the m-health sector.

5. INTEGRATED TECHNOLOGIES AND TOOLS
THAT WILL AFFECT THE DEVELOPMENT OF
MOBILE  HEALTH  (MOBIL  SAGLIGIN
GELISIMINI ETKILEYECEK ENTEGRE
TEKNOLOJILER VE KULLANIM ARAGLARI)

M-health applications have the potential to
significantly digitize medical care due to their
ubiquity and ease of use. Smartphones, for instance,
are already being used as practical healthcare tools.
They work in conjunction with specialized devices to
deploy certain laboratory methods for diagnosing
infectious diseases at home or in healthcare centers.
They also serve as adapters with electrocardiogram
electrodes to transmit data for detecting silent atrial
fibrillation [29] In recent years, many devices, such
as smartwatches or IoT devices that help monitor
patient behaviors, have emerged as supporting
elements for m-health services.
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Figure 2. How mobile health, smartphone/device and apps integrate information in the digital age [149]
(Sekil 2. Mobil saglik, akilli telefon/cihaz ve uygulamalar dijital ¢agda bilgiyi nasil entegre ediyor [149])

The convenience and ease of accessing medical care
from anywhere at any time have been made possible
by advancements in health informatics, sensor
technologies, and mobile devices like smartphones.
Central to this approach is the principle of "enabling
individuals to lead healthy, quality, and prosperous
lives" [12] Technologies expected to influence the
development of m-health include the Internet of
Things (IoT), cloud computing, big data and big data
analytics, gamification, digital twins, blockchain,
portable medical devices, wearable technologies,
augmented or virtual reality tools, and the metaverse
where these technologies come to life. M-health tools
include telehealth applications, the use of text
messages, patient monitoring introduced by
smartphones, tracking applications based on various
parameters, and home care service applications [2-5]

The anticipated impacts of m-health can be
summarized as follows: better diagnosis and
treatment, individuals more engaged with their health
and leading healthier lifestyles, increased preventive
health practices, more effective monitoring of chronic
diseases, a more efficient and sustainable healthcare
system, a 30% reduction in time spent by healthcare
workers on accessing and analyzing information, and
reduced costs due to fewer hospital admissions [§]
Nowadays, it can be said that mobile devices have
become an indispensable part of our lives. In this
context, it is crucial that these devices, which impact
every area of our lives, also encompass and promote

advancements in critical fields such as the healthcare
sector. In developing countries like Turkey, frequent
hospital visits can be costly. Therefore, it is more
practical and economical for individuals to monitor
their own health conditions. An organized health
monitoring and data collection system will facilitate
patient tracking and add practicality to the diagnosis
and treatment processes of diseases [30]

Telehealth services, which provide remote support
and assistance, are crucial for people in need, such as
patients, the elderly, and vulnerable individuals, and
can be considered part of m-health services. These
services are delivered through information networks
that guarantee timely and always-on service delivery
[31] Telehealth is used by health professionals to
deliver healthcare services where distance is a critical
factor, to diagnose and prevent diseases and injuries,
to conduct research and evaluations, and to ensure the
necessary exchange of information to improve the
health of individuals and communities. Telemedicine
is often designed with mobile devices in mind and can
be accessed from these devices. Notable telehealth
services include teledermatology, telecardiology,
teleophthalmology, telepsychiatry, teleradiology, and
telesurgery [15].
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6. DISADVANTAGES AND BARRIERS TO
MOBILE HEALTH APPLICATIONS (MOBIL
SAGLIK UYGULAMALARININ ONUNDEKI
DEZAVANTAJLI DURUMLAR VE BARIYERLER)

It can be stated that the most critical barrier to m-
health applications is the proper integration of
personal privacy with healthcare services. Personal
data are crucial in environments accessible via mo-
bile applications. Each year, the usage of mobile
applications has expanded [32] The issue of digital
asset inheritance and the processing of personal data
through mobile applications, especially during the
pandemic, has raised concerns. The processing of
health data, which falls under the sensitive personal
data category, has become a current topic of debate
due to its widespread use for the public health benefit
(33]

Although personal privacy is a highly critical area,
posing legal challenges for institutions and even gov-
ernments, and raising concerns about the use of
technology for the benefit of patients, data privacy is
not the only barrier to the development of mobile
technologies. Other obstacles include the cost of mo-
bile technology, technological infrastructure issues,
evidence of mobile service effectiveness, regulations
and standards, the speed of mobile technology
development, low technological literacy in society,
and barriers stemming from healthcare providers.

Despite the decreasing cost of technology, payment
complexity for m-health technologies remains a
significant issue. In m-health technologies, an
individual's level of health literacy is crucial when
accessing, understanding, and evaluating information.
Individuals with low health literacy may not be able
to use mobile technologies for their health, creating
challenges for m-health. Unfortunately, there are not
many outcome measures that prove the power and
sufficiency of new technologies or pilot projects. This
creates difficulties in proving the effectiveness of
mobile technologies. Another challenge is role
confusion regarding who will follow up on the
developed application and how it will be monitored
[21] Additionally, Silva et al. [34] highlighted
shortcomings in m-health, such as battery and storage
capacity issues, interference, connection disruptions,
and privacy concerns due to the constant need for
internet connectivity.

Atalay et al. [ 14] emphasized that mobile technologies
and m-health applications, due to their access to
personal information, must prioritize security and
privacy. They stressed the importance of increasing
digital literacy in society, raising patients' awareness
and usage patterns, and recognizing the risks of using

health applications for nutrition and exercise
programs without professional support for individuals
with physical problems and chronic diseases.
Therefore, raising awareness and improving literacy
in primary healthcare services is a critical aspect of
addressing these problems.

As observed, the usage of e-health services is not
widespread due to information and financial
inadequacies, limited technical access, resource
constraints, and a shortage of qualified professionals
[1] Hence, human resources are also crucial at this
point. Developing human resources aligned with
current realities and initiating programs related to
health in this context are seen as significant and valu-
able [3-4] To prevent the uncontrolled processing of
personal data and potential risks, it is necessary to
regulate and protect personal data and personality
rights processed through smartphones and particularly
mobile applications [33] Making patients' health
information readily accessible poses security risks,
which could negatively impact healthcare services.
For the system to function correctly, the privacy of
patient information must be prioritized, and neces-
sary precautions should be taken [35] To ensure the
security of health data on mobile platforms, it is
essential first to secure the devices running the
applications. Mobile users must prevent unauthorized
access to their devices and use the access control
mechanisms available on their devices. To achieve the
desired outcomes from mobile applications, it is
necessary to prioritize usability and user satisfaction
by presenting information ergonomically with a
minimalist approach, while addressing essential
elements like device, application, and communication
security in the designs [36]

7. DISCUSSION AND CONCLUSION (TARTISMA
VE SONUC)

In our research, we observed that studies could be
categorized under various headings. These prominent
headings are discussed in detail below. Our analysis
revealed that the use and studies of mobile technol-
ogy in healthcare could be classified into 16 different
categories. This evaluation, specifically conducted
within the scope of Web of Science studies, can be
described as the most comprehensive review in the
literature on m-health. Each category is detailed
below, providing a comprehensive evaluation for both
domain readers and policymakers.

7.1. Gamification in Mobile Healthcare Services
(Mobil Saghk Hizmetlerinde Oyunlagtirma)

Gamebased learning uses actual games to teach
knowledge and skills. A learning game is an independ-
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ent unit with a definite beginning, gameplay, and end
[37] It is anticipated that games and mobile
applications can positively influence people's attitudes
and behaviors toward diseases. An examination of the
m-health application market reveals the presence of
numerous applications. Recently, it has been observed
that applications incorporating gamification have
increasingly gained prominence in the m-health
market. During the gamification process, users are
provided with an active experience and are
encouraged to engage more with the application. This
process is structured according to the user's choices
and characteristics [9] Gamification has emerged as a
trend in various sectors, including business,
organizational management, inservice training,
health, social policy, and education [38]

In his study, Dugan [39] found that gamification
applications could yield positive results in areas such
as quitting smoking, combating obesity, exercising
regularly, preparing balanced diet plans, adhering to
hygiene rules, and brushing teeth. However,
challenges such as the difficulty of adapting people
from all walks of life to digital tools, concerns about
increasing digital addiction, and inadequate internet
and technology infrastructure are among the primary
issues perceived negatively. In this context, it is
emphasized that gamification in health is recognized
as an important tool to support and maintain positive
behavioral changes in individuals' health behaviors.

In the context of games offered for healthcare, various
theories enable game researchers and designers to
create desired health messages within the game. While
games consist of different game mechanics coming
together, it is assumed that promising health games
will adhere to behavioral theory [40] In the literature,
mobile applications focusing on gamification are
frequently encountered. For example, the design and
evaluation of a multisensory scaffolded gamified
science lesson with mobile technology for totally
blind students [41] and learning histology through
gameased learning with mobile technology [42] are
noteworthy examples.

7.2. Mobile Health and Nursing (Mobil Saglik Ve
Hemgirelik)

With the increasing use of mobile technologies, the
role of m-health within healthcare systems is
becoming increasingly significant. M-health is
defined as the provision of healthcare services through
mobile technologies and communication tools, such
as mobile phones, patient monitoring devices, and
personal digital assistants. It is believed that m-health
will lead to significant advancements in raising public
awareness about diseases, guiding and encouraging

individuals to maintain and protect their health. The
use of mobile technologies in the healthcare system
will also provide substantial advantages in effectively
carrying out nursing services [21]

Mobile technology services offer benefits in nursing
care processes [23] by enhancing nursing practice
through the effective use of mobile technology,
contributing to mobile learning, and supporting
continuous professional development [43] According
to Raman [44], while considerable efforts have been
made to incorporate mobile technology into nursing
curricula, nursing educators should be encouraged to
develop strategies to address the identified concerns.
Examples of mobile technology applications in
nursing education include training in intensive care
units [45], the use of mobile technology in clinical
nursing education [46], and the use and effectiveness
of mobile devices in the operating room for nursing
practice [47]

7.3. Mobile Health, Hospital and Disaster
Management in Terms of Corporate Mobile
Health Services (Kurumsal Mobil Saglhk Hizmetleri
Acgisindan  Mobil Saghk, Hastane Ve Felaket
Yonetimi)

In countries prone to earthquakes, such as Turkey, the
importance of mobile technologies becomes even
more critical. For instance, during the Maras
earthquake, the collapse of buildings led to a
significant communication problem due to the failure
of mobile network equipment installed on these
structures, affecting both citizens and authorities.
Mobile technologies emerge as a crucial tool in saving
lives during various natural disasters such as
earthquakes, floods, and avalanches. The use of
information and communication technologies (ICT)
aids in better decisionmaking and information
production for an effective disaster management
system. ICTs help reduce vulnerability, enable active
participation, ensure information access, enhance
adaptation capacity, and support feedback. Mobile-
based technologies are employed to meet needs and
enhance disaster resilience [48] Additionally, Geo-
graphic Information Systems (GIS) play a crucial role
throughout all stages of disaster management, from
predisaster planning to response and recovery. GIS
has become a critical tool for decision support and
information management in disaster management. In
disaster management processes, especially in post-
disaster interventions, organizational shortcomings
and supply chain disruptions highlight the need for
effective intervention management [49] Furthermore,
m-health service technology has the potential to
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improve communication and clinical information
management during disasters [50].

The advancement of mobile technologies is therefore
of critical value and importance. Mobile technologies
can provide significant support to public institutions
and facilitate their operations in the face of natural
disasters. They can also be crucial for healthcare
institutions in delivering health services, preventive
and protective treatments, and various forms of
education. A review of the literature reveals studies
focused on mobile technology applications such as
reporting health data in waiting rooms [51], improving
healthcare quality and patient quality of life [52], and
the analysis of mobile technology policies [53] Other
notable applications include integrating mobile
technologies into public health practices [54],
reporting within hospitals for families and patients
[55], using mobile technology in disasterprone areas
like earthquakes, tsunamis, and liquefaction events
[56], supporting communication and care manage-
ment among healthcare providers [57], and using
mobilebased information and communication
technologies in hospital clinics [58]

7.4. Use of Mobile Technology in Clinical Services
(Klinik Hizmetlerde Mobil Teknolojinin Kullanim)

Due to the high demand for healthcare services, there
are often instances where the needs of individuals
cannot be met, leading stakeholders in the healthcare
system to explore alternative solutions. The rise in
chronic diseases, the increasing elderly population,
and the growing number of individuals requiring
healthcare services worldwide and in Turkey have
prompted the development of new models for deliver-
ing healthcare services. In this context, m-health
applications appear to be a solution to many of the
challenges faced by healthcare systems and hospitals.
Approximately 80% of healthcare managers have
indicated that mobile communication technologies
have the potential to be a valuable tool for delivering
healthcare services [35]

In clinical studies, the successful adoption of mobile
technology is noted to have three primary advantages
over traditional clinical methods: more streamlined
operational processes, remote data capture, and
improved quality of collected studies and data [59]
Additionally, mobile technology helps better
understand treatment adherence [60] Remote
monitoring of outpatients and inpatients, including
monitoring vital signs and timely communication with
healthcare providers, is crucial for both healthcare
professionals and patients [61] The literature also
highlights studies on the use of mobile technology to
improve surgical outcomes in the perioperative setting

[62], mobile applications for measuring physical
activity and sedentary behavior in bariatric surgery
patients [63], medication adherence and the use of
mobile technology among patients with chronic
conditions who do not receive services [64], smoking
cessation [65], and patient acceptance of mobile
technology in healthcare services [66]

7.5. Healthcare Sector and Wearable Technologies
(Saglik Sektorii Ve Giyilebilir Teknolojiler)

Among the mobile devices used are cell phones,
smartphones, tablets, PDAs (Personal Digital Assis-
tants), smartwatches, smart glasses, smart TVs,
wearable technologies, and any portable or implanted
sensors capable of collecting, measuring, and
transmitting medical data. With all these devices, it is
possible to remotely monitor medical data, collect
large amounts of meaningful data related to lifestyle
and daily activities, and provide reminders about
health and treatment[8] Many sensorbased electronic
devices also fall into this category. The Internet of
Things (IoT) has become a frequently encountered
concept in our daily lives. IoT refers to a general term
for devices that can send and receive data via the
internet. This concept describes products capable of
sending and receiving information using the internet.
Through the integration of objects with each other and
with the human body, wearable technological
products have emerged since 2015 and have gained
increasing popularity over time. These products have
become one of the most significant elements in our
lives after smartphones. Currently, wearable
technology is one of the most frequently encountered
and popular concepts among new technologies [67]

The importance of GPS and wearable technologies has
notably increased in recent years. With advance-
ments in mobile technologies and the growing number
of mobile users, new opportunities for using cell
phones in patient care have emerged. Information and
communication technologies, enhanced by the
Internet of Things (IoT), have been effective in
integrating various areas of the healthcare sector with
mobile technology. Consequently, technology has the
potential to be a powerful medical tool supporting the
healthcare sector at every level [68] For example,
literature studies have shown that wearable devices
and mobile technologies can be used to support
behavioral weight loss in individuals with mental
health conditions [69]

7.6. Mobile Learning, Use of Mobile Technology in
the Education of Patients and Health Professionals
(Mobil Ogrenme, Mobil Teknolojinin Hasta ve Saglik
Uzmanlarimin Egitiminde Kullanimi)
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Mobile technology (such as tablets, smartphones, and
wearable devices) has the potential to play a valuable
role in promoting academic learning. Mobile
technology for learning offers exciting potential to
support academic learning everywhere and anytime,
provide personalized monitoring and counseling, and
enable microlearning, where students can learn in
small increments as opportunities arise [70] The
literature reveals a variety of applications serving
different purposes, including patient education,
training for health professionals within institutions,
inhouse and external training programs, student
education, and periodic patient education for chronic
illness management. Examples of such applications
include: the use of mobile technology in students'
clinical internships [71], personalized sexual assault
prevention in military classroom settings [72], the use
of mobile technology in undergraduate nursing
programs [73], mobile technologies used to support
health professionals' education and practice [74], the
role of mobile technology in education [75], the use of
mobile technologies in nursing education and practice
[76], mobile technologies in medical education [77],
the use of mobile technology for evaluating
professional activities in undergraduate medical
education [78], the use of mobile technology in
clinical nursing education [46], and mobile
applications to improve and manage sexual health for
university students [79] These studies represent
significant research in the relevant field as identified
in the literature.

7.7. Mobile Technology and Community Health
Services (Mobil Teknoloji Ve Toplum Saghg
Hizmetleri)

Mobile devices, which play a crucial role in
simplifying daily life, also serve an important function
in the individual tracking and organization of health
data. Smart health applications integrated into our
lives through mobile app download portals offer
convenience in areas such as reproductive health,
healthy eating, disease monitoring, physical activity,
and the maintenance of personal health records. There
are smart applications developed both by individuals
or private institutions, as well as by government
entities. These governmentdeveloped applications
assist individuals in managing appointment processes
with public hospitals and contribute to the
maintenance of various health records by the state [80]

Applications focusing on public health are particularly
prominent in the literature. Examples include
applications for effective family planning, smoking
cessation, pregnancy monitoring, skin cancer, vari-
ous cancer screenings, and mental health. For
instance, studies include applications for community

health work and pregnancy monitoring [81],
monitoring gestational diabetes using common mobile
technology solutions [82], supporting breastfeeding
through mobile applications [83], mental health
services for depression management [84], applications
for prostate cancer [85], genetic counseling for
ovarian cancer patients [86], mobile-based patient
education for earlystage breast cancer [87], mobile
technology-assisted applications for family planning
[139], skin cancer prevention applications [140],
mobile applications for rural healthcare [141], and the
use of mobile technology for epidemiological research
[142] These studies illustrate the diverse applications
of mobile technology in improving primary healthcare
delivery, preventive treatments, and increasing health
literacy and public awareness, especially in
underdeveloped and developing countries.

7.8. Active Patient Monitoring, Consultation and
Use of Mobile Technology (Aktif Hasta Izleme,
Danismanlik Ve Mobil Teknolojinin Kullanimi)

It is crucial for doctors to know whether their patients
adhere to the prescribed instructions and to monitor
them with accurate feedback. Active patient
monitoring, providing timely and accurate data, and
offering precise commands for disease management
are essential aspects of the treatment process. The
literature reveals numerous studies exploring the use
of mobile technology in this context. For example,
applications for diabetes monitoring [143-144],
medication reminders, physical activity pedometers,
regular sleep tracking, and interventions for managing
HIV health outcomes [145] are notable. Mobile
technology has also been utilized for diagnosing skin
diseases [146], early detection of cognitive decline
[147], prostate cancer management [85], genetic
counseling for women with ovarian cancer [86],
mobilebased patient education for early-stage breast
cancer [87], postoperative care transitions [88],
cervical cancer screening [89], selfmanagement
support in chronic obstructive pulmonary disease
[90], pilot structured mobile technology-based
lifestyle interventions for liver disease patients [91],
childhood disease management using mobile
technology [92], and maternal and child health care
services [93] Additionally, mobile applications for
combating obesity in children and adolescents [94]
have been highlighted in the literature.

Moreover, mobile technology is recognized as a
critical, cost-effective tool with ease of use in
healthcare, necessary for supporting daily self-
management of chronic diseases [95] Alongside these
applications, mobile technology has been used to
improve surgical outcomes in the perioperative
environment [62], measure physical activity and
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sedentary behaviors in bariatric surgery patients [63],
and enhance medication adherence and mobile
technology use among patients with chronic
conditions [64], marking important contributions to
the field.

7.9. Mobile Technology, Its Use in the Field of
Health for Young People and Children (Mobil
Teknoloji, Gengler ve Cocuklar Icin Saglik Alaninda
Kullanimi)

Children and adolescents have always represented a
demographic with significant healthcare needs. The
use of mobile technology for this demographic can be
highly beneficial due to their advanced health literacy
that parallels their technology literacy. They are adept
at following current technological tools and
applications and integrating them into their lives in
ways that align with healthcare system requirements.

An examination of international literature reveals
numerous applications and research focused on the
use of mobile technology for children and adolescents.
For instance, mobile technology is noted for its impact
on posture and musculoskeletal health during the use
of information and communication technologies by
children [96] Examples include the use of mobile
technology in child and adolescent psychiatry [97]
applications highlighting potential benefits in
pediatric urology [98], real-world continuous
physiological monitoring applications in pediatric
cardiomyopathy  patients [99], asthma care
applications for adolescents [100], management of
childhood diseases using mobile technology [92],
maternal and child health services applications [93],
mobile applications for combating obesity in children
and adolescents [94], hearing and vision screening
applications for preschool children [101], mobile
applications for asthma symptoms in adolescents
[102], and care applications for children and
adolescents with cancer [103]

7.10. Use of Mobile Technology in Healthcare for
Elderly Care (Mobil Teknolojinin Yaslh Bakimi I¢in
Saglik Alanminda Kullanimi)

Aging is a period in which individuals withdraw from
work and social life, experience a decline in physical
strength, and face increased dependency due to
reduced adaptability to their external environment.
During this stage, the deterioration of the immune
system heightens susceptibility to diseases and the
need for medication [104] The elderly population
often encounters numerous challenges in meeting
their needs and does not have easy access to healthcare
services as healthy individuals do. Additionally, the
global population, particularly in developed countries,

is aging, making the elderly a distinct demographic
group. In this context, mobile technologies hold
significant potential for enhancing the accessibility of
healthcare services.

A review of the literature reveals several mobile
applications developed specifically for the elderly
across various topics. Examples include: a warning
system to notify the elderly or their caregivers about
any deterioration in health status [105], a mobile
application for fall prevention in the elderly [106],
cancer prevention and screening applications for
middle-aged and older individuals using mobile
technology [107], the use of mobile technology to
assess balance during the sit-to-stand maneuver in
elderly adults at risk of falling [108], m-health
applications to improve self-care in elderly adults
[109], the application of mobile devices for personal
caregivers in elderly care [110], m-health applications
for aging populations [111], heart failure education
applications for middle-aged and elderly adults [112],
and the use of mobile technology in elderly adults with
heart failure [113] These applications are prominent
in the Web of Science literature

7.11. Mobile Technology and Access to Disabled
Citizens (Mobil Teknoloji Ve Engelli Vatandagslara
Erigim)

In Health is a fundamental human right inherent from
birth. In the Universal Declaration of Human Rights,
adopted in 1948, the right to medical care is defined
as "access to health services regardless of age, gender,
or economic status." Individuals with disabilities must
also have access to healthcare services without any
discrimination. The Convention on the Rights of
Persons with Disabilities by the United Nations
further emphasizes this as a defined right [114] In this
context, mobile technology emerges as an opportunity
to provide healthcare services to individuals with
disabilities.

Mobile technology has the potential to assist
individuals with mental disabilities in establishing and
maintaining social connections in crucial areas of their
lives, such as family, friends, and work/volunteering.
Research has validated this potential [115] Similar
benefits apply to individuals with other types of
disabilities, such as those with autism spectrum
disorders [116] Examples of applications in this
domain include the development of mobile alert and
navigation systems for visually impaired individuals
[117], disabled-friendly mobile services in the context
of smart tourism [118], radio frequency technology-
based computational applications for accessibility
analysis in sustainable cities [119], and the use of
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mobile learning in tolerance training content for
visually impaired students [120]

According to Jones et al. [121], there is currently
limited knowledge about the state of m-health services
for individuals with disabilities. Initial findings
suggest that people with disabilities are not well
represented in the growth of m-health services and
particularly in the proliferation of m-health software
applications for smartphones. The
underrepresentation and neglect of people with
disabilities in the m-health field may lead to greater
health inequities. To address this disparity, they
propose several solutions: (1) research: identifying the
primary needs of individuals with disabilities,
particularly those facing health inequities, for m-
health application development; (2) development:
designing, distributing, and validating new m-health
solutions that address the most urgent needs of
individuals with disabilities; and (3) knowledge
translation: assisting consumers and healthcare
providers in identifying accessible and effective m-
health applications that address health inequities and
improve health outcomes for individuals with
disabilities [121]

7.12. Mobile Health Specifically for Personal
Applications and Personal Health Services (Kisisel
Uygulamalar Ve Kisisel Saglhk Hizmetleri Ozelinde
Mobil Saglik)

Often, both private companies and individuals design
personal applications to attract people's interest,
focusing on tracking weight, exercise habits, walking,
and sports activities. These applications may also
include preventive health information. Such
applications can be easily downloaded for personal
use from the Apple Store or Android Market,
independent of public institutions. Users can acquire
these apps for a small fee and use them to manage their
personal health activities more effectively. In some
cases, these applications may be developed by
institutions related to national health policies.

A review of the literature reveals a notable emphasis
on applications related to nutritional habits. Obesity is
a global epidemic with significant health impacts and
costs. Mobile technologies can potentially influence
weight loss and shape personal behaviors through
mobile software [122] Mobile technology provides
innovative methods for healthy eating interventions
[123] It has been suggested that mobile technology-
based interventions can facilitate healthy eating,
particularly among university students with higher
body mass indices [124] Consequently, numerous
applications in this domain have been developed.

7.13. Mobile Health Focused on Disease and
Epidemic Surveillance (Hastalik Ve Salgin Gozetimi
Odaginda Mobil Saglik)

COVID-19 has been a pandemic that deeply affected
the entire world, becoming an international emer-
gency. Digital solutions have proven to be effective
tools for managing, preventing, and overcoming the
spread of infectious disease outbreaks. Consequently,
the use of m-health technologies has shown potential
in supporting public health, and these technologies
appear to have played a positive role during the
COVID-19 pandemic. Research indicates that m-
health applications for COVID-19 can be categorized
into four areas: prevention, diagnosis, treatment, and
protection [125] For example, "Hayat Eve Sigar" is a
mobile application developed by the Turkish Ministry
of Health to inform, guide, minimize potential risks
related to the outbreak, and prevent its spread [126]

Healthcare systems operate through communication
to deliver all health services in any environment.
Establishing a connection between healthcare
providers and patients is a fundamental requirement.
Mobile technologies have become important tools in
combating chronic diseases and controlling epidemics
[68] Additionally, mobile technology can assist in
mapping the spread of diseases similar to COVID-19
and provides an easy way to promote awareness,
encourage safety, and adopt necessary measures to
reduce and halt community transmission [127]

Table 2. Important Topics About Mobil Health and Technologies and Trend Publications of Related Topics
(Tablo 2. Mobil Saglik ve Teknolojileri Hakkinda Onemli Basliklar ve flgili Konulara Ait Trend Yayinlar)

Rank | Topics Publications

1 Gamification in Mobile Healthcare Services [91, [37], [38], [39], [40], [41], [42]

2 Mobile Health and Nursing [217, [23], [43], [44], [45], [46], [47]

3 Mobile Health, Hospital and Disaster Management in Terms of [48], [49], [501], [51], [52], [53], [54].
Corporate Mobile Health Services [55], [571, [58]

4 Use of Mobile Technology in Clinical Services [35], [60], [61], [62], [63], [64], [65], [66]

5 Healthcare Sector and Wearable Technologies [67], [68], [69]

6 Mobile Learning, Use of Mobile Technology in the Education of [46], [70], [711, [72], [73], [74], [75],
Patients and Health Professionals [76],[77],[78],[79]

7 Mobile Technology and Community Health Services [801], [81], [82], [83], [84], [85], [86],

[871, [139], [140], [141], [142]
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8 Active Patient Monitoring, Consultation and Use of Mobile [62], [63], [64], [85], [86], [87], [88],
Technology [89], [90], [91], [92], [93], [94], [95].
[143], [144], [145], [146], [147]
9 Mobile Technology, Its Use in the Field of Health for Young [92], [93], [94], [96], [97], [98], [99],
People and Children [101],[102],[103]
10 Use of Mobile Technology in Healthcare for Elderly Care [104], [105], [106], [107], [108], [109],
[110], [111],[112],[113]
11 Mobile Technology and Access to Disabled Citizens [114],[115],[116], [117],[118],[119],
[120], [121]
12 Mobile Health Specifically for Personal Applications and Personal | [122], [123], [124]
Health Services
13 Mobile Health Focused on Disease and Epidemic Surveillance [68], [125], [126], [127]
14 Other Featured Applications in Mobile Health Services [2], [5], [60], [128], [129], [130], [131],
[132], [133], [134], [135], [136], [137]
15 Obstacles in the Health Sector in the Development of Mobile [81, [12], [33], [131]
Technology

7.14. Other Featured Applications in Mobile
Health Services (Mobil Saglik Hizmetlerinde One
Ctkan Diger Uygulamalar)

In In addition to the applications mentioned above,
mobile applications in various other domains also
emerge. Mobile technology can  enhance
understanding of treatment adherence, and
applications can be developed for this purpose [60]
Another example includes applications related to
immune system and vaccination monitoring [128]
Mobile technology enables the reporting of adverse
events following immunization [128] Mobile
applications also have the potential to influence
vaccination behavior, including timely immunization
[129]

Mobile technologies are revolutionizing the field of
mental health, with significant advancements par-
ticularly in addiction research and treatment [130]
They are increasingly used to measure individuals'
moods, thoughts, and behaviors in realtime. Current
examples include the use of smartphones to collect
ecological momentary assessments; wearable
technologies for passive collection of objective
measures of movement, physical activity, sleep, and
physiological responses; and smartphones and
wearables equipped with global positioning system
(GPS) features to gather precise information about
participants' locations [131]

A review of the Web of Science literature reveals
other notable applications, such as e-mental health
mobile applications [132], telemedicine integrated
with mobile applications, obesity management,
personal care, continuous assistance, and improved
medication management [133] Additionally,
emerging topics include the use of metaverse
technology for the future of healthcare [2,5,134],

digital twin technology [135], and blockchain
technology [136-137]

7.15. Obstacles in the Health Sector in the
Development of Mobile Technology (Mobil
Teknolojinin  Gelisiminde  Saglhk  Sektoriindeki
Engeller)

Ethical and legal issues have emerged as significant
concerns in m-health. While advancements in mobile
technology offer exciting opportunities to measure
and model individuals' experiences in natural settings,
they also bring forth new ethical dilemmas [131] The
compliance of personal data, particularly health data,
with legal standards [33] represents a critical issue in
the implementation of mobile technologies.

In addition to data protection, several major obstacles
hinder the m-health market. These include the lack of
substantial effect/benefit analyses due to the novelty
of applications, insufficient pilot projects, the need for
significant behavioral changes among doctors and
patients, an underdeveloped ecosystem, a lack of
standards, data security and privacy concerns, and
financial challenges. From a Turkish perspective, it is
observed that m-health applications and the market are
still in their infancy, lacking sustainable business
models and financial solutions that address societal
goals. However, efforts are being made by the
Ministry of Health and the Social Security Institution
to develop institutional solutions. Local governments,
particularly municipalities, have implemented various
health and disease management applications in their
regions. Additionally, a limited number of m-health
companies, including mobile communication
operators, are providing services with different
solutions in the market. Furthermore, patients with no
time to wait at doctors' offices, doctors with
insufficient time for their patients, device
manufacturers  wanting to  monitor device
performance, pharmaceutical companies ensuring
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correct and timely medication usage, and hospitals
unable to invest in additional bed capacity can all
benefit significantly from these services. M-health can
also be utilized for marketing purposes; for example,
the "e-appointment" application allows healthcare
providers to increase patient volume and reduce costs

(8]

Digital technologies offer numerous opportunities to
shape the future of primary healthcare services and
deliver effective public health actions. They are
driving digital transformation in health education,
policies, and practices, creating new models for health
communication, system strengthening, and patient
engagement. Efforts by governments to support the
use of digital technologies in health systems also
promote the development of digital health systems.
The vision of providing equitable services across all
segments of society places digital technologies at the
core of health systems [12]
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Otizm spektrum bozuklugu tanisi olan bir birey, sosyal iligkiler ve iletisim konusunda ciddi
giicliikler yasamaktadir. Bu bireylerin egitiminde, ikinci bir dili 6grenip karistirmadan sade bir
sekilde kullanabilmesi zor bir siiregtir. Bu nedenle, bu siirece baglamadan 6nce 6zel gereksinimli
bireylerin ana dillerini aktif olarak kullanabilmeleri ve kendilerini rahatca ifade edebilmeleri
onemlidir. Evrensel bir kavram olarak oyun kavrami giliniimiiz teknolojileri géz oniine alindiginda
tiim yag gruplarindan insanlar i¢in ucuz ve ulasilabilir eglence sunan bir boyut kazanarak biiyiik
bir oyun endiistrisi haline gelmistir. Gelisen bu endiistri i¢erisinde oyunun amacinin sadece
eglence olmay1p kullanicilarin kisisel ve sosyal gelisime destek verme, bireylerin zayif ya da giiglii
yonlerini gelistirme fikirlerinin ortaya ¢ikmasi ile ciddi oyun (serious games) kavrami ortaya
cikmustir. Gelistirilen ciddi oyunlar ile kisilere eglence amacinin 6tesinde bireysel ve sosyal
gelisimine katki saglanmasi amaglanmistir. Bu ¢aligmada, gerekli yeterlilige sahip otizm spektrum
bozuklugu (OSB) olan bireylere dil 6gretimi destegi saglamak amaciyla ciddi oyunlarin nasil
tasarlandig1 ve uygulandigi incelenmektedir. OSB'li bireylerin egitimde karsilastiklart zorluklar,
ciddi oyunlarin bu zorluklar1 agsmada nasil etkili olabilecegi ve basarili bir oyun tasariminin temel
ilkeleri ele alinacaktir. Ayrica, OSB’li bireyler i¢in tasarlanan ciddi oyunun digerlerinden farki
ortaya konulmaya calisilacaktir.
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A person diagnosed with autism spectrum disorder experiences significant difficulties in social
relationships and communication. In the education of such individuals, learning and using a second
language in a clear and unconfused manner is challenging. Therefore, before starting this process,
individuals with special needs need to be able to use their native language and express themselves
comfortably and actively. As a universal notion, play has gained a dimension that offers cheap and
accessible entertainment for people of all ages, especially considering today’s technologies, and
has grown into a vast gaming industry. Within this evolving industry, the idea has emerged that
the purpose of a game is not just entertainment but also to support users' personal and social
development, as well as to enhance their strengths or improve their weaknesses, leading to the
concept of serious games. These serious games aim to contribute to individuals' personal and social
development beyond mere entertainment. In this study, how serious games are designed and
applied to provide language teaching support to individuals with autism spectrum disorder (ASD)
who have the necessary competence will be examined. The challenges faced by individuals with
ASD in education, how serious games can effectively overcome these difficulties, and the basic
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principles of successful game design will be discussed. Additionally, the difference between
serious games designed for individuals with ASD and others will be highlighted.

DOI: 10.59940/jismar.1568351

1. GIRIS antrRODUCTION)

Otizm spektrum bozuklugu (OSB), nérogelisimsel bir
bozukluktur. OSB'li bireylerin dil 6greniminde ¢esitli
zorluklarla karsilagsmalari, ikinci bir dil 6grenme
stirecini daha da karmagik hale getirir. Ciddi oyunlar,
bireylerin zayif ya da giiglii yonlerini gelistirmeye
yonelik oyunlardir ve OSB'li bireylerin ikinci dil
Ogreniminde giiclii bir arag olabilir. Bu makalede,
OSB'li bireylere yonelik ikinci dil 6gretimi destegi
icin ciddi oyun tasarimi ve uygulamasi ele alinacaktir.
Ayrica bu makale, literatiirde mevcut calismalarin
incelenmesi ve gelistirilen prototipin
degerlendirilmesi yoluyla, ciddi oyunlarin OSB’li
bireylerin ikinci dil Ogrenimine ne Olgiide katki
saglayabilecegi konusunda fikir edinmeyi
amaclamaktadir.

2. OTiZM SPEKTRUM BOZUKLUGU VE DiL
OGRENIMIi (4urisM SPECTRUM DISORDER AND
LANGUAGE LEARNING)

Otizm spektrum bozuklugu (OSB), sosyal etkilesim
ve iletisimde kalic1 sorunlar ile sinirli ve tekrarlayict
davranislarin goriildiigii, erken ¢ocukluk déneminde
ortaya c¢ikan norogelisimsel bir rahatsizliktir [1].
Norogelisimsel bozukluklar (NDD'ler), genetik veya
cevresel faktorlerle baglantili bilinen ancak cogu
zaman bilinmeyen nedenlerin incelenmesiyle fetal /
neonatal gelisim penceresi sirasinda meydana gelen
beyin gelisimi ve isleyisindeki bozulmanin neden
oldugu engelleyici kosullardir [2]. Uluslararasi
Hastalik Siniflandirmasi 11. Revizyonuna [3] ve
Mental Bozukluklarin Tamsal ve Istatistiksel El
Kitab1 DSMS5'e [1] gore norogelisimsel bozukluklar
iletisim, dikkat eksikligi, hiperaktivite, 6grenme ve
gorsel-motor bozukluklar olarak kategorize edilebilir
[4]. Bunlar arasinda Otizm Spektrum Bozukluklari
(OSB) ve Dikkat Eksikligi Hiperaktivite Bozuklugu
(DEHB) yer alir [5]. Otizm Spektrum Bozuklugu'nun
(OSB) belirtileri gesitlilik gosterir; bu durum, hem
zihinsel yeterliligi smirli ve dil becerileri kisith
bireyleri, hem de ortalamanin {izerinde entelektiiel ve
dil becerilerine sahip olup sosyal iletisimde zorluk
yasayan kisileri kapsayabilir [6]. OSB’li bireyler,
norogelisimsel farkliliklar1 nedeniyle sosyal iletisim,
dil gelisimi ve tekrarlayan davraniglar gibi alanlarda
zorluklar yasayabilirler. Bu zorluklara ragmen, OSB'li
bireylerin bilissel esneklik, problem ¢dzme becerileri
ve gorsel 6grenme yetenekleri gibi giiglii yonleri de
bulunmaktadir. The Diagnostic and Statistical Manual
of Mental Disorders (DSM-5) [1] kilavuzuna gore
OSB, ii¢ ayr seviyede degerlendirilmektedir:
e Seviye 1: Destek gerektiren,

e Seviye 2: Onemli destek gerektiren,
e Seviye 3: Cok 6nemli destek gerektiren.

DSM-5 kilavuzunda yayinlanan OSB seviyelerinin

siddeti sosyal/iletisim eksiklikleri ve sinirh ve
yineleyici ilgi, davramig ve etkinlikler olarak
belirlenmis tani kriterlerine gore

degerlendirilmektedir [1].

Bilinen bir nedeni ve kesin tedavisi olmamakla
birlikte; erken miidahale ve egitimlerin OSB’li
bireylerin bagimsiz, iiretken ve mutlu yasam
stirebilecegini belirtilmektedir [7]. Egitim 6zellikle de
erken evre egitimi, zihin kuramini; yani diger
bireylerin bilgi, duygu, inang, niyet ve zihinsel
durumlarmi anlama becerisini gelistirebilecegi i¢in
OSB’ye en uygun ¢oziim olarak kabul edilmektedir
[7]. OSB'l bireyler benzer ihtiyaglara sahip homojen
bir grup olmadiklart igin, egitimlerine yonelik kararlar
bireysel  ihtiyaclar1  ve  tercihlerine  gore
sekillendirilmelidir. Ayni1 zamanda, bu siirecte
ebeveynlerin, uzmanlarm ve hizmet saglayicilarin
goriisleri de goz oniinde bulundurulmalidir [8]. Otizm
spektrumundaki ihtiyaglarin ¢esitliligi g6z Oniine
alindiginda, tek bir yaklasim veya miidahalenin
herkes i¢in etkili olmasi pek olas1 degildir.

OSB, yasam boyu siiren bir durum olmasina ragmen
belirtiler yasam siiresi boyunca iyilestirebilmektedir
[9]. Otizmli bireyler igin en ¢ok kullanilan &zel egitim
yontemleri olarak; uygulamali davranig analizi,
TEACCH, iliski temelli yontemler, sosyal Oykiiler
kullanilmaktadir [10].

Uygulamali davranis analizinde bireye yeni beceri ve
davranislar1 6gretmek ya da problem davranisla basg

etmek  amaciyla  birgok  uygulama  sekli
bulunmaktadir:
e Aynk Denemelerle Ogretim ve Yanlissiz
Ogretim,
e Erken Yogun Davranigsal Egitim,
e  Etkinlik Cizelgeleriyle Ogretim,
e Replik Siliklestirmeyle Ogretim,
e Videoyla Model Olma,
e Firsat Ogretimi,
e PECS,
e  Sozel Davranig yontemlerinden olusmaktadir
[10].

OSB'li bireylere yonelik egitim hizmetlerinin ne
Olgiide "otizme 6zgli" olmasi gerektigi veya bunun
yerine ortak veya genel ihtiyaglarin olup olmadigi
konusundaki tartigmalar devam etmektedir. Bu
tartismadaki gesitli goriisleri sentezleyen Lewis ve
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Norwich [11] ile Norwich ve Lewis [12], bireyler i¢in
basit, kategoriye dayali bir uzman pedagojisinin
stirdiirtilebilir olmadig1 sonucuna varmustir. Bunun
yerine sunu savunmaktadirlar: [11-12] “Miifredat ve
pedagoji genel ihtiyaclara gore belirlenmeli ve
bireysel ogrenenlerin benzersiz 6grenme ihtiyaglarina
gore bilgilendirilmelidir.”

Dil 6grenimi, OSB'li bireyler i¢in biligsel esnekligi
artirabilir, sosyal becerileri gelistirebilir ve kiiltiirel
farkindaligi tesvik edebilir. Kelime dagarcigi
biiylikliigii ve kelime bilgisinin otizmde giiclii bir
faktor oldugu sistematik olarak bulunmustur. Ayrica,
otizmli bireyler genellikle kelime 6grenmede sorun
gostermezler ve tipik gelisen bireylere benzer sekilde,
karsilikli  ayricaligt  bir mekanizma  olarak
kullanabilirler [13-15]. Yine de otizmli bireyler ile
tipik gelisim gosteren g¢ocuklar arasinda kelime
ogrenmede ilging bir fark gozlemlenmistir. OSB’li
bireyler kelimelerin ve ciimlelerin mecazi anlamlarini
anlamlandiramamaktadirlar. OSB’li bireylerin kelime
ogreniminde sozel profili biiyiik bir heterojenlik ile
karakterize edilir ve bu ayn1 zamanda kelime ile ilgili
goreceli giiclii ve zayif yonlere de yansir [16].

OSB'li bireyler, dil gelisiminde cesitli zorluklarla
karsilasabilirler. Bu zorluklar arasinda:
e Kelime hazinesinin siirli olmasi,
e  Sozel iletisimde gecikmeler,
e Sosyal etkilesimlerde giicliikler,
e Anlama ve ifade etme becerilerinde sorunlar
yer alir.

OSB'li bir bireyin dil egitiminde, 6grendiklerinin
giinlilk yasamda siirekli tekrar edilmesi ve siklikla
gozden gegcirilmesi, dili islevsel hale getirmeye
yardimcr olacaktir. Tkinci dil égretiminde kullanilan
materyaller, OSB'li bireyler agisindan biiyiikk énem
tagir. Bu sebeple G6grenilen kelimeleri resim veya
nesnelerle eslestirmek kelimeyi islevsel olarak
O0grenmeyi saglamaktadir. Ayrica bu ¢ocuklara
kelimeyi siklikla model olarak nasil kullanmasi
gerektigini tekrarlatmak Ogrenmeyi etkili hale
getirecektir [17]. Bu nedenle, OSB'li bireylerin dil
gelisimlerini desteklemek i¢in 6zel olarak tasarlanmis
egitim materyallerine ve yontemlerine ihtiyag vardir.

3. CiDDi OYUNLAR VE EGITIiM (serioUs GAMES
AND EDUCATION)

Oyunlar, davraniglarimizi yansitmamiza yardimci
olan araglardir. Sira dis1 bir 6grenme yontemi olarak,
oyuncularin  kendi smuirlarini, yeteneklerini  ve
bilgilerini kesfetmelerine olanak tanir. Bilgisayar
oyunlari, toplumsal agidan biiyiik bir etkiye sahiptir.
Bu etki, egitimciler, bilim insanlar1 ve oyun
elestirmenleri tarafindan Onemli bir egitim araci

olarak degerlendirilir. Oyunlar, birgok yonden gercek
yasam kosullarina benzetilmekte ve tasarlanirken
insanlarin  begenileri, hayalleri, goriisleri ve
beklentileri dikkate alinmaktadir. Sonug¢ olarak,
oyunlar giderek daha ciddi konulari ele almaya
baslamistir [18].

Oyun endiistrisinin  gelismesi, bilgisayar oyunu
teknolojilerinin daha ciddi bir hale gelmesi fikrini
dogurmustur. Ciddi oyunlar kapsaminda, herhangi bir
platformda veya tiirde, oyun teknolojisi kullanilarak
eglence unsuru igeren, ancak esas amaci kullaniciya
bir seyler Ogretmek olan oyunlar tasarlanabilir.
Giliniimiizde video oyunlarinin bir alt dali olan ciddi
oyunlar, sadece eglenceyi hedeflemeyip ayni zamanda
belirli konularda insanlar1 egitmeyi amaglayan
oyunlardir. Bugiliniin ciddi oyunlari, interaktif
bilgisayar uygulamalari olarak, ilgi c¢ekici bir amaca
sahip, oynarken eglendiren, belirli puanlama ve ¢ikti
sistemlerine  dayanan, kullanicinin  becerilerini,
bilgilerini ya da gercek hayatta sergileyebilecegi
davraniglarnt  agiga  ¢ikaran  oyunlar  olarak
tanimlanabilir [18].

Ciddi bir oyun ayni zamanda ¢ok modlu etkilesim
yoluyla  kullanicinin ~ deneyimini  gelistirme
potansiyeline de sahiptir [19-20]. Bu, egitim, 6gretim,
saglik veya kisilerarast iletisim gibi farkli baglamlarda
olabilir. Cogu arastirma, dijital ciddi oyunlarin, metin,
grafik [21], animasyonlar [22], ses [23], dokunsal
[19-24] ve benzerlerinin bir kombinasyonu olabilecek
farkli medyalar igerdigini kabul etmektedir. Ayrica
ciddi oyunlardaki "ciddi" teriminin, oyuncuya bilgi,
beceri veya genel olarak igerik gibi bazi mesaj veya
girdileri iletme rollerinden gelmektedir. Bu,
oyuncunun bir bilgi birikimi veya deneyimden
kaynaklanan, igerik sunan bir ortama maruz kalmasi
anlamina gelmektedir. Ciddi oyunlarin
siniflandirilmas: Sekil 1’de gosterildigi gibidir.

Egitim c;ba Gorsel

Reklamailik Koku 20/3D

Kisiler Arasi

5 Konum
Tletisim Farkindaligs

Hareketlilik

Digerleri Digerleri Gevrimigi

Sekil 1: Ciddi Oyunlarin Siniflandirilmast
(The Classification Of Serious Games)

Ciddi oyunlar hem oyun endiistrisi hem de akademik
aragtirma alan1 olarak hizla biiytimektedir. Dijital
ciddi oyunlar alaninda pek ¢ok arastirma var; ancak
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anketlerin ¢ogu egitim veya saglik gibi belirli bir alana
ozeldir [25]. Ciddi oyunlar, katilimeilar i¢in 6zellikle
zor olan ve oOdillendirici olmayan hedeflenen
becerilerin  dgrenilmesini  tesvik etmek  igin
tasarlanmistir. Ciddi oyunlarin temel amaci, oyunda
edinilen Ogrenmenin gercek hayattaki sonuglari
iyilestirecek sekilde genellestirilmesini saglamak
olup, bu oyunlar egitim hedeflerini, 6grenmeyi ve
O0grenmenin genellestirilmesini destekleyen kanita
dayali oyun mekanigiyle biitiinlestirmektedir. Bunun
aksine, eglence oyunlari, sirf oyun oynama amaciyla
ilgi ¢ekici olacak sekilde tasarlanmugtir. Ornegin,
digsal puana dayali odiill sistemleri eglence
oyunlarinda yaygin motivasyon araglart iken, daha
stirdiiriilebilir 6grenme i¢in igsel motivasyonu tesvik
eden odiil sistemleri ciddi oyun tasariminin bir
ilkesidir [26]. Ciddi oyunlar, kismen eglenceli ve
stiriikleyici ortamlar yaratmak igin video oyunu
tasarimi ilkelerini

kullanarak bu hedeflere ulasir, ancak daha da
Oonemlisi, ayn1 zamanda Ogrenme ve gelisim
teorilerine de dayanirlar [27]. Ciddi bir oyun
gelistirmek icin Sekil 2°de gosterildigi gibi bes siirec
gerekmektedir.

Oyun
Konsepti Tasarim Uygulama Test Etme Dagitim
Gelistirme

Sekil 2: Ciddi Oyun Gelistirme Siireci

(Serious Game Development Process)

Ciddi oyun tasarimi, 6grenenlerin ilgisini ¢eken ilgili
baglamlarda gerceklestiginde Ogrenmenin en st
diizeye ¢ikarildigimi One siiren ¢ok sayida ampirik
arastirmadan  yararlanmaktadir  [28].  Ornegin,
davranigsal degisimi tesvik etme vurgusu sosyal
biligsel teoriden gelir [29-30] ve i¢sel motivasyona
yapilan vurgu, kendi kaderini tayin teorisi tarafindan
bilgilendirilir [31-32]. Oyunun &grenmedeki roli,
Vygotsky'nin sosyal yapilandirmact teorisi ve
yakisal gelisim bolgesi kavrami tarafindan
desteklenmektedir [33-34]. Ek olarak ampirik
aragtirmalar, etkili 6grenme icin materyalin aktif
biligsel islenmesinin gerekli oldugunu [35] ve
katilimcilara 6grenmenin arttifini  gostermektedir.
Oyunlastirma, bireyler i¢in 6grenmeyi etkilediginden
egitimde artan bir egilimdir. Oyun kavramimin
ozellikleri eglence, ilgi, heyecan ve meraktir [36].

En yenilikgi yontemler arasinda yer alan sanal
gerceklik  (VR), yiiksek dicretli olmasi, hizlh
programlanabilir olmamasi ve kullanilan arag¢ olan
gozligiin  kafada uyguladigi agirlik nedeniyle
sagladigi olumlu etkilerini yok etmektedir. Bunun
yerine, bilgisayarda olusturulan bir sanal sokak gecis
ortami ucuz maliyet, duruma gore kolay ve hizli
programlanma ayrica konforlu olusu sebebi ile daha

tercih edilmektedir. Egitsel bilgisayar oyunlarinda,
hedefin oynayana daha net aktarilmasi, VR
teknolojisine gore pozitif anlamda daha kisith ve kafa
karigikligindan uzak olmasi, seviyelerin daha anlasilir
ve kazanim odakli olmasi sebebiyle bilgisayar
ortaminda yapilan egitsel oyunlarmin daha anlaml
oldugu diisiinilmektedir [37].

Bireyler kiiciik yaslarda zihinsel, duygusal ve fiziksel
olarak hizli bir sekilde gelisir ve degisirler. Bu ayni
zamanda OSB’li bireyler i¢in de mantiksal olarak
dogrudur, ¢ilinkii ayni bozukluklara sahip olduklari
teshis edilse bile her bireyin farkli olarak
degerlendirilmesi gerekmektedir. OSB’li bireylerin,
yasadigi sosyal etkilesim sorunlart nedeni ile
dikkatlerini uzun siireli belirli bir 6grenme ortaminda
tutmanin zor oldugu bilinmektedir. Oyunlastirmanin,
bu devrede 0Ozel egitimde O©nemli bir rol
oynayabilecegi diisiiniilmektedir. Oyunlastirmadaki
amag, yeni bir diinya yaratarak bireyi oraya
gotirmekten ziyade, oyundaki unsurlart gergek
diinyaya tasiyip, gercekligi terk etmeden yakalamaktir
[38].

OSB'li bireyler i¢in ciddi oyunlar, asagidaki
ozellikleri igermelidir:

e Gorsel Ogrenmeyi Destekleyen Tasarim:
OSB'li bireyler genellikle gorsel 6grenme
stiline sahiptir. Bu nedenle, oyunlar gorsel
ipuglari, animasyonlar, grafikler ve semboller
kullanarak ogrenmeyi desteklemelidir.
Ornegin, yeni kelimeler Ogretilirken gorsel
kartlar veya animasyonlu videolar
kullanilabilir.

e Yapilandilmis ve Ongoriilebilir  Yapi:
OSB'li  bireyler belirli  rutinlere ve
yapilandirilmig 6grenme ortamlaria ihtiyag
duyarlar. Oyunlar, net hedefler, agamali zorluk
seviyeleri ve Ongoriilebilir yapilar sunarak
dgrenme siirecini kolaylastirmalidir. Ornegin,
oyun i¢indeki gorevler belirli bir sirayla
sunulmali ve her gorevin tamamlanmasi igin
net talimatlar verilmelidir.

¢ Sosyal Etkilesimi Tesvik Eden Etkinlikler:
OSB'li bireyler sosyal etkilesimde zorluklar
yasayabilmektedirler. ~ Oyunlar,  isbirligi,
iletisim ve sosyal becerileri destekleyen
etkinlikler igererek sosyal etkilesimi tesvik
etmelidir. Ornegin, oyun igindeki gorevler,
oyuncularin birbirleriyle iletisim kurmasini ve
igbirligi yapmasini gerektirebilir.

e Bireysellestirilmis Ogrenme Deneyimi:
OSB!'li bireylerin 6grenme stilleri ve ihtiyaglari
farklilik gosterir. Oyunlar, bireysel 6grenme
hizina ve tercihlerine uyum saglayacak sekilde
tasarlanmalidir. Ornegin, oyun igindeki zorluk
seviyeleri oyuncunun performansina gore



Nuray ALTINOK, Nursal ARICI / Bilisim Sistemleri ve Yonetim Arastirmalar: Dergisi 6 (2). (2024) 60-69 64

ayarlanabilir veya oyuncunun kendi 6grenme
yolunu se¢gmesine izin verilebilir.

e Coklu Duyusal Ogeler: OSB'li bireylerin
O0grenme deneyimini zenginlestirmek igin
oyunlar, gorsel Ogelerin yani sira isitsel ve
dokunsal dgeler de igerebilir. Ornegin, yeni bir
kelime &gretilirken  kelimenin  yazilisi,
okunusu ve anlamini ifade eden bir resim ayni
anda sunulabilir.

¢ Aninda Geri Bildirim ve Pekistirme: OSB'li
bireylerin 0grenme siirecinde aninda geri
bildirim ve pekistirme 6nemlidir. Oyunlar,
dogru cevaplar icin ddiiller, yanlis cevaplar
icin diizeltmeler ve ilerleme igin tesvikler
sunarak 6grenmeyi desteklemelidir.

OSB’li bireyler i¢in gelistirilen herhangi bir ciddi
oyunun basarist oyunun tasariminda yatar [39].
Yukaridaki ozellikler de g0z Oniinde
bulunduruldugunda bu bireylere yonelik tasarlanacak
olan oyun asagidaki unsurlar1 kapsayacak sekilde
tasarlanmalidir.

e  Minimalist Gorsel ve Ses Tasarimi: Otizm
spektrumundaki bireyler, asirt uyarilara karsi
hassas olabilirler. Bu nedenle, oyunun
gorselleri ve sesleri sade ve dikkat dagitic
unsurlardan arindirilmis olmalidir.

e Ayarlanabilir Duyusal Girdiler: Ses
seviyesi, renk kontrasti, animasyon hizi gibi
duyusal unsurlar kullanic1  tarafindan
ayarlanabilir olmalidir. Bdylece bireyin
ihtiyaglarina  gore  Ozellestirilebilir  bir
deneyim sunulur.

e Adim Adim Sosyal Etkilesim: Sosyal
etkilesimde zorluk yasayan OSB bireyler i¢in
sosyal senaryolar agamali ve ydnlendirici
sekilde sunulmalidir. Diyalog segenekleri ve
sosyal etkilesimde bulunacaklar karakterler,
acik ve anlasilir olmalidir.

e Geri Bildirim Mekanizmalari: Pozitif ve
negatif geri bildirimler agik ve anlasilir bir
sekilde verilmelidir. Sosyal etkilesimlerin
dogru ya da yanlis sonuglarina dair geri
bildirimler, bireyin 6grenme siirecini
destekleyici olmalidir.

e Tahmin Edilebilirlik: OSB’li bireyler i¢in
rutin ve yapilandirilmig bir oyun tasarimi,
giivenlik hissi saglar. Gorevler ve oyun
sirecleri ag¢ik ve sabit bir diizende

ilerlemelidir. Siirprizler veya ani
degisikliklerden kagimilmalidir.
e llerleme Gosterimi: Oyuncularin

ilerlemelerini takip etmeleri igin agik bir
ilerleme ¢ubugu veya seviyeler arasi gecis
gibi gorsel gostergeler kullanilmalidir.

e Kisa ve A¢ik Gorev Tamimlari: Talimatlar
ve gorev tanimlari kisa, net ve gorsel destekle

sunulmalidir. Uzun ve karmagik
agiklamalardan kaginilmalidir.

e Adm Adim Ogretici: Oyuna alisma
stirecinde karmasik mekanikler adim adim
tanitilmali ve kiiciik gorevlerle
ogretilmelidir.

o Pozitif Pekistirme: Oyun i¢i basarilar,
odiller ve tegvik edici mesajlarla
desteklenmelidir. Bu, motivasyonu artirmaya
yardimct olur.

e Negatif Geri Bildirimin Yumusatilmasi:
Yanlis kararlar veya hatali adimlar,
oyuncunun cesaretini kirmayacak sekilde
nazik¢e diizeltilmeli ve alternatif yollar
sunulmalidir.

e Tekrar Eden Gorevler: Ogrenme ve beceri
gelistirme agisindan tekrar dnemlidir. Oyun
icindeki aktiviteler diizenli olarak tekrar
edilebilir yapida olmali ve oyuncunun bu
gorevlerde daha iyi hale  gelmesi
saglanmalidir.

e Beceri Gelisimine Odaklanma: Oyunun
genel amaci, sosyal beceriler, duyusal
entegrasyon, dikkat ve hafiza gibi OSB’li
bireylerin gelisimini destekleyici beceriler
iizerinde odaklanmalidir.

o Kisisellestirme Secenekleri: Oyuncunun
ilgilerini ve ihtiyaglarini dikkate alarak oyun
unsurlar 6zellestirilebilir olmalidir. Karakter
secimi, gorev zorluk seviyesi gibi unsurlar
kullanicinin  tercihine gore ayarlanabilir
olmalidir.

e Basit ve Net Kontroller: Kontrol
mekanizmalari, olabildigince basit ve
sezgisel  olmalidir.  Karmasik  buton
kombinasyonlar1 ve zorlayic1 hareketlerden
kacinilmalidir.

e Empati ve Farkindalik Gelistiren Icerik:
OSB’li bireylerin sosyal duyarliliklarini
gelistirecek sekilde, empati ve sosyal
farkindalik kazandirici oyun senaryolar1 ve
karakter etkilesimleri olusturulmalidir.

Bu tasarim unsurlari, OSB’li bireylerin hem 6grenme
stirecine katkida bulunacak hem de keyifli bir oyun
deneyimi yasamalarini saglayacaktir.

Ciddi oyunlar, eglence ve Ogrenmeyi bir araya
getirerek  OSB'li  bireylerin  dil ~ 6grenimine
motivasyonlarin1 artirabilir ve 6grenme stireclerini
daha etkili hale getirebilir. OSB’li bireyler i¢in dil
ogretiminde ciddi oyunlarin avantajlar ise asagidaki
gibidir.
o FEtkilesim ve  Motivasyon:  Oyunlar,
etkilesimli yapilari sayesinde 6grenme siirecini
eglenceli hale getirir ve motivasyonu artirir.
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e Gorsel ve Isitsel Destek: Gorsel ve isitsel
ogeler, dil 6grenimini destekler ve kavramlarin
daha iyi anlagilmasini saglar.

¢ Bireysellestirilmis Egitim: Oyunlar,
bireylerin ihtiyaclarina ve gelisim seviyelerine
gore ozellestirilebilir.

e Tekrarlama ve Pratik: Oyunlar, tekrarlama
ve pratik yapma imkani sunarak O6grenmeyi
pekistirir.

4. LITERATUR TARAMASI (LITERATURE REVIEW)

Otizm spektrumundaki bireylere yonelik egitimsel
miidahale arastirmalar1 kiigiik 6rnekler, nesnellik
eksikligi ve metodolojik tasarim kusurlar ile
sinirhdir. Bunlar kismen saglam, bagimsiz ve
tekrarlanabilir olmay1 da amaclayan "gercek diinya"
arastirmalarini yiiriitmenin zorluklarini
yansitmaktadir [8]. Son zamanlarda giderek artan
sayida calisma, 6zellikle OSB ve Dikkat Eksikligi ve
Hiperaktivite Bozuklugu (DEHB) olan kisilere 6zel
dikkat gosterilerek, akil hastalig1 ve davranis sorunlari
olan insanlara yardim etmek ic¢in egitici video
oyunlarinin  veya Ciddi Oyunlarin etkinligini
tasarlamaya ve gostermeye odaklanmistir [40-42].

Literatiirde otizmli bireylerin dil 6greniminde kelime
dagarcigini kolaylastirmak igin bilgisayar tabanli bir
dil  6gretmeninin  kullanilmasi  adli  ¢aligma
bilgisayarlarin ~ dgretime ne Ol¢iide yardimci
olabilecegi ve sozciik dagarcigimin genisletilmesi gibi
birgok beceriyi etkileyebilecegi konusunda olumlu
sonuglar vermistir.

Otizm spektrum bozuklugu (OSB) olan bireylere
yonelik ¢esitli ciddi oyunlar gelistirilmistir. Bu
oyunlar genellikle sosyal becerileri gelistirmek,
iletisim yeteneklerini artirmak ve giinliik yasam
becerilerini kazandirmak amaciyla tasarlanmistir.
Asagida bu tasarimlara ait bazi uygulama Ornekleri
listelenmektedir.

1. Dojo: Cocuklara ve genglere sosyal etkilesim
becerilerini 6gretmek icin tasarlanmis bir
oyundur. Oyun, sosyal durumlarda nasil
davranilacagini 6gretir ve kullanicilarin sosyal
becerilerini pratik etmelerini saglar [43].

2. Happy Frog: OSB olan ¢ocuklara sosyal
etkilesim ve duygusal farkindalik
kazandirmay1 amaglayan ~ bir  mobil
uygulamadir. Oyunda g¢ocuklar, ¢esitli sosyal
durumlart  8grenir ve uygun tepkileri
gelistirmeye caligir [44].

3. The Social Express: Bu oyun, ¢ocuklarin
sosyal becerilerini ve duygusal zekalarim
gelistirmek i¢in etkilesimli bir platform sunar.
Animasyonlar ve hikayeler aracilifiyla

¢ocuklar, sosyal durumlar1 nasil yonetmeleri
gerektigini 6grenirler [45].

4. MindLight: Anksiyete ile basa ¢ikmak ve
duygusal diizenleme becerilerini gelistirmek
i¢in tasarlanmis bir oyundur. Oyuncular, oyun
icinde rahatlamayr ve stresi azaltmay1
Ogrenirler [46].

Bu ciddi oyunlar, OSB olan bireylerin ihtiyaglarina
gore Ozel olarak tasarlanmig ve onlarin gilinlilk
yasamda karsilastiklar1 zorluklart agmalarina yardimet
olmak i¢in gelistirilmistir. Otizm spektrum bozuklugu
(OSB) olan bireylere yonelik dil 6gretimi igin de ciddi
oyunlar ve uygulamalar gelistirilmistir. Bu tiir
oyunlar, dil 6grenimini daha eglenceli ve etkilesimli
hale getirerek, Ogrenme siirecini kolaylastirmayi
amaglar. Asagida dil Ogretimine yonelik bazi
uygulama ornekleri listelenmektedir.

1. Zac Browser: OSB olan c¢ocuklar igin
tasarlanmig bir web tarayicisidir ve iginde
cesitli egitim oyunlari ve uygulamalar bulunur.
Bu platform, c¢ocuklarin Ingilizce dil
becerilerini gelistirmelerine yardimci olacak
¢esitli oyunlar sunar [47].

2. AutiPlan: OSB olan c¢ocuklar i¢in giinliik
programlarini yonetmelerine yardimer olan bir
uygulamadir. Uygulama i¢inde dil 6gretimine
yonelik oyunlar ve aktiviteler de bulunabilir
[48].

3. Otsimo: Otsimo, Tiirkiye merkezli bir egitim
uygulamasi olarak, otizmli bireyler ve o6zel
gereksinimleri olan ¢ocuklar i¢in 6zel olarak
tasarlanmigtir. Dil O6gretimi de dahil olmak
iizere cesitli becerileri gelistirmeyi amaglar.
Otsimo, gorsel ve isitsel 6geleri kullanarak
cocuklarin bir dili 6grenmelerine yardimci
olabilir. Uygulama, diinya genelinde 1.5
milyon kullaniciya ulasmis ve 168’den fazla
ilkede kullanilmaktadir ayrica gelecekte
Ispanyolca, Almanca ve Fransizca
versiyonlarmin ¢ikarilmasi planlanmaktadir.
Otsimo, uluslararas:t diizeyde cesitli odiiller
kazanmustir [49].

4. Endless Alphabet ve Endless Reader: Bu
uygulamalar, OSB olan ¢ocuklara ingilizce
kelime bilgisi ve okuma becerilerini 6gretmek
icin  tasarlanmistir. Cocuklar, etkilesimli
animasyonlar ve eglenceli oyunlar araciligiyla
kelimeleri 6grenirler [50-51].

5. Languagenut: Bu uygulama, ¢ocuklarin bir
dili eglenceli ve etkilesimli bir sekilde
o6grenmelerine yardimci olur. Gorsel ve igitsel
O0grenme materyalleri sunarak dil 6gretimini
destekler [52].

Tiirkiye'de otizm spektrum bozuklugu (OSB) olan
bireylere yonelik ikinci dil 6gretimi i¢in gelistirilen
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bazi ciddi oyunlar ve uygulamalar bulunmaktadir.
Ancak, bu alanda yapilan calismalar ve gelistirilen
uygulamalar hala smirlt olabilir. Asagida Tiirkiye'de
gelistirilen ve dil Ogretimine yonelik uygulama
ornekleri listelenmektedir.

e Tolkido: Tirkiye'de gelistirilen Tolkido,
otizmli ¢ocuklar i¢in 6zel egitim materyalleri
sunan bir platformdur. Cocuklarin dil
becerilerini gelistirmelerine yardimci olan
cesitli oyunlar ve aktiviteler igerir [53].

o Diisyeri: Tiirkiye merkezli Diisyeri, ¢cocuklar
icin egitici igerikler iireten bir sirkettir. OSB
olan gocuklar i¢in uygun igerikler de sunarlar.
Bu igerikler arasinda dil 6gretimi oyunlar1 ve
aktiviteleri de bulunabilir [54].

Bu uygulamalar ve platformlar, OSB olan bireylerin
dil ogrenme siireclerini  desteklemek amaciyla
gelistirilmistir. Ozellikle Otsimo, bu alanda 6ne ¢ikan
ve genis bir kullanict kitlesine hitap eden bir
uygulamadir. Bu uygulamalarin genel bir 6zelligi
OSB’li bireylerin kullandiklar1 dilleri gelistirmeyi
hedeflemistir.

5. GELECEKTEKI CALISMALARA YONELIK
ONERILER VE PROTOTIiP BiR MODEL
ONERISI (RECOMMENDATIONS FOR FUTURE STUDIES
AND A PROPOSED PROTOTYPE MODEL)

Yapilan arastirmalardan OSB’li bireyler i¢in dil
Ogretiminin zorlu bir siire¢ oldugu anlagilmaktadir. Bu
sebeple ikinci bir dil dgretimi deneyimi ¢ok azdir.
Model oOnerisinde bulundugumuz bu ¢aligmada
modele iliskin amaglarimiz sunlardir:

e Gerekli yeterlilige sahip Otizm Spektrum
Tamlhi  Bireylerin ~ Dil  Ogrenimlerini
desteklemek i¢in ciddi oyun ilkelerine uygun
olarak bilgisayar oyunu ve oyunu rahat
kullanabilecekleri oyun konsolu tasarlamak

e OSPB’li bireyler i¢in ikinci bir dil 6gretim
destegini gelistirilecek ciddi oyunun igerigi
Ogrenilecek kelimelerin gergek gorselleri,
yaziliglart  ve telaffuzlarun yer almasi
saglanarak ¢oklu duyusal alana hitap etmek

e Tasarlanan oyun konsolu ile hem bireyi siirece
aktif bir sekilde dahil etmek ve kendi hizinda
istedigi kadar tekrar etme imkani saglamak
hem de tablet, telefon gibi cihazlara uzun stireli
maruz kalmasini 6nlemek

e Oyunda yer alan alistirmalar boliimi ile de
hem kelimelerin gercekten &grenildigini test
etmek hem de Ogrenmenin kaliciliginin
artirilmasina katki saglamak

Ayrica gelistirilen ciddi oyunun OSB’li bireylerin dil
egitimine etkisinin ne olacagi, gelistirilen ciddi oyun
egitimin  bagarilt  bir sekilde uygulanmasini

kolaylastirtyor mu, oyun OSB’li bireylerin dil
egitimine ne derece uygundur gibi sorulara cevap
aranacak alan arastirmasi yapilmasi planlanmaktadir.

Bu c¢alismada gelistirilme agamasinda olan oyun igin
OSB’li bireylere var olan oyun konsollar1 yapisi
dikkat dagittigindan dolayr yeni bir konsol
tasarlanacak ve 3D vyazict ile i¢ yapisindaki
ekipmanlara uygun dis tasarim gergeklestirilmesi
amaglanmigtir. Oyun konsolu tasarimi Sekil 3’te
gosterildigi gibidir.

Sekil 3: Oyun Konsolu Tasarimi1
(Game Console Design)

Igyapisinda oyun ile iletisimi saglayacak donanimlar
yer alacaktir. Bu donanimlarin gorselleri Sekil 4’te
gosterildigi gibidir.

Buton RF Alici ve Verici Modiilleri

Sekil 4: Donanim Gorselleri
(Equipment Images)

Tasarlanan oyunu test etme asamasinda bu ¢aligmanin
cevap aranan sorulara ne derece katkida bulundugunu
belirlemek i¢in goniilliilik esasina gore ilgili alan
uzmanlarindan ve kisilerden goriisleri alinacaktir. Bu
goriisler dogrultusunda, ¢alismanin OSB’li bireylerin
dil egitimine iliskin sorulara ne 6l¢iide yanit sundugu
degerlendirilebilecek  ve  gelecekte  yapilacak
calismalara katki saglanabilecektir.

6. SONUC (RESULT)

Ciddi oyunlar, OSB'li bireylerin ikinci dil 6grenimini
destekleme potansiyeline sahiptir. Ancak bu oyunlarin
etkili olabilmesi i¢in, OSB'li bireylerin 0grenme
ozellikleri  ve  ihtiyaglarna  uygun  sekilde
tasarlanmasi, uygulanmasi1 ve degerlendirilmesi
gerekmektedir.  Literatiirde, kelime 0grenimine
yonelik gelistirilmis ciddi oyun prototiplerine
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rastlanmaktadir [55]. Bu ¢aligmada alinacak goriisler,
tasarlanan ciddi oyunun bireylere sundugu farkli
o0grenme kategorilerinin 6grenme siireglerine katkisini
degerlendirmek agisindan Snemlidir. Gelecekteki
arastirmalar, farkli yas gruplari, dil seviyeleri ve OSB
ozelliklerine sahip bireyler icin ciddi oyunlarin
etkisini incelemeye devam etmelidir.
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