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Oz

Issizlik orani, bir iilkenin ekonomik verimini 6lcen en onemli degiskenlerden biridir. Is giicii ve
verimi toplumun gelismesi agisindan ¢ok dnemli olup, issizlik oranimin diistiriilmesi ve istihdam
saglanmast bir devletin biiyiimesi agisindan kilit 6neme sahiptir. Issizlik oranimin tahmin edilmesi
alinacak onlemler ve planlamalar agisindan énem arz etmektedir. Bu ¢alismada, issizlik oraninin
tahmini icin Tiirkiye Istatistik Kurumunun (TUIK) Illerde Yasam Endeksi verilerinden ve TUIK
tarafindan olusturulan veri gruplarindan yararlanilmigtir. Tahmini etkileyen degiskenlerin tespiti
icin veri madenciligi siirecinden ve makine 6grenme algoritmalarindan yararlaniimistir. Bu ¢alisma
kapsaminda, issizlik oraninin tahmininde hangi tiir veri gruplarimin daha etkili oldugu ve hangi
makine égrenme yontemlerinin daha etkin oldugu sorgulanmistir. Elde edilen sonuglar tahmin
duyarliik analizi kapsaminda incelenmis ve hata oranlarina gore yorumlanmistir. Elde edilen
sonuglara gore issizlik orani tahmininde, Genel Regresyon Sinir Ag1 (GRNN) yéntemi Destek Vektor
Makineleri (SVM) ve Gen Ifadesi Programlama (GEP) yontemlerine gire daha etkin bir yontemdir.
Ayrica, egitim konulu veri grubunun diger veri gruplarindan daha etkili oldugu gézlemlenmistir.

Anahtar Kelimeler: Veri Madenciligi, Makine Ogrenmesi, Tahmin, Issizlik Oran.

Abstract

The unemployment rate is one of the most important variables that measure the economic efficiency
of a country. Labor force and efficiency are very important for the development of society, reducing
the unemployment rate and providing employment are key to the growth of a state. Estimating the
unemployment rate is important in terms of measures and plans to be taken. In this study, for the
estimation of the unemployment rate, data from the Life Index in Provinces of the Turkish Statistical
Institute (TUIK) and data groups created by TUIK were used. Data mining process and machine
learning algorithms were used to determine the variables affecting the estimation. Within the scope
of this study, it has been questioned which types of data groups are more effective in estimating the
unemployment rate and which machine learning methods are more effective. Obtained results were
analyzed within the scope of estimation sensitivity analysis and interpreted according to error rates.
According to the results obtained, General Regression Neural Network (GRNN) method is a more
effective method than Support Vector Machines (SVM) and Gene Expression Programming (GEP)
methods in estimating unemployment rate. In addition, it was observed that the education-themed
data group was more effective than the other data groups.

Keywords: Data Mining, Machine Learning, Prediction, Unemployment Rate.

Atif/ to Cite (APA): Yildiz ., (2022). Veri Madenciligi: Makine Ogrenme Algoritmalari ile Tiirkiye’nin Igsizlik Oran1 Tahminini
Etkileyen Faktorlerin Tespit Edilmesi. Uluslararas: Yonetim Bilisim Sistemleri ve Bilgisayar Bilimleri Dergisi, 6(2), 78-91

! Ars. Gér., Yonetim Bilisim Sistemleri, Uygulamali Bilimler Fakiiltesi, Altinbas Universitesi, Istanbul, Tiirkiye,
incilay.yildiz@altinbas.edu.tr.
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1. GIRIS

Giiniimiizde biiyiik hacimlerdeki veriler bankalar, isletmeler, Tiirkiye Istatistik Kurumu (TUIK)
ve bazi kuruluslar tarafindan depolanmaktadir. Bu veriler i¢indeki degerli bilgileri ortaya ¢ikarmak
ya da yeni bir bilgi kesfetmek isletme karlilig1 agisindan olduk¢a 6nemlidir. Ayrica, hedeflenen bir
planlamanin yapilmas: i¢in elde edilen bilgiler yol gosterici olarak kullanilabilir. Bu verilerden en
dogru sekilde faydalanmak i¢in, lizerinde dogru analizlerin yapilmasi gerekmektedir.

Verileri veri tabanlarinda saklayan kurumlarin en 6nemli amaglarindan biri ham verileri bilgiye
dontstiirmektir. Veriyi bilgiye doniistiirme islemi veri madenciligi olarak adlandirilmaktadir. Veri
toplama araglar1 ve veri tabani teknolojilerindeki gelismeler, bilgi depolarinda ¢ok miktarda bilginin
depolanmasini ve ¢éziimlenmesini gerektirmektedir (Dener vd., 2009).

Tahmin (Ongorii) gelecekte gerceklesecek olan olaylarin dnceden saptanmasi, hesaplanmasi ya
da kestirimidir. Bir tahmin ¢aligmasinin duyarliligi, yapilan tahminlerle ger¢ek degerler arasindaki
sapmalarin analizi sonucu ortaya ¢ikmaktadir. Duyarlilik analizi ger¢ek degerler bilindikten sonra
yapilabilir. Bu calismada TUIK veri havuzu kullanilarak tahmin ¢alismas1 yapilmustir.

Veri madenciligi ve uygulamalari tahminleme calismalarinda en sik faydalanilan c¢aligsma
alanlarindan biridir. Veri madenciligi uygulamasinin verimini arttirmak i¢in, ¢alisilan verilerin
cesitliligi, veri madenciligi algoritmasinin etkinligi, sonuclarin yararhilik diizeyi, kesinlik ve
anlamlilik unsurlarinin saglamasi, elde edilen oriintiilerin cesitli bicimlerde gosterimi, gizliligin ve
veri giivenligi 6zelliklerinin saglanmasi gereklidir. Veri madenciligi bilgi kesfi siirecinin bir pargasi
seklinde diisiiniilebilir (Dener vd., 2009).

Bir veri madenciligi siirecinin ¢esitli fonksiyonlari vardir. Bu g¢alismada iliskilendirme,
regresyon ve siniflandirma fonksiyonlardan yararlanilmistir.

Iliskilendirme: bir veri tabanindaki verilerin mevcut ya da potansiyel iliskilerini ortaya
¢ikarmayi hedefler (Gong, vd., 2012) Istatistikler ve apriori algoritmalar1 drnek olarak gosterilebilir
(Ngai, vd., 2009).

Siniflandirma: veri tabani kayitlarimi belirli kriterlere gore onceden tanimlanmis siniflara
ayirmaktir. Bu siniflarda verileri toplayarak tahmine dayali modelleri kesfetmeye yarar (Chen ve Liu,
2004). Sinir aglar1 ve karar agaglar1 6rnek olarak gosterilebilir (Ngai, vd., 2009).

Regresyon, iki ya da daha ¢ok nicel degisken arasindaki iligkiyi 6lgmek i¢in kullanilan analiz
metodudur. Sik goriilen model egilimlerini yakalamak i¢in kullanilir. Dogrusal regresyon ve lojistik
regresyon analizi 6rnek olarak gosterilebilir.

Veri madenciligi kullanilarak yapilan tahmin ¢aligmalarinda hem hizli hem de yetkin bir metot
olan makine 6grenme yontemleri sik¢ca kullanilmistir. Makine 6grenmesi (yapay Ogrenme) bir
problemi bagka bir probleme ait girdi ve ¢ikt1 verilerine gore modelleyen bilgisayar algoritmalari
olarak tanimlanabilir. Yapay zekanin ana kollarindan biri olan makine 6grenmesi, bir¢ok akademik
alandaki caligmalara entegre edilmistir. Makine 0grenmesi, bilgisayar sisteminin kendi kendine
anlayabilme ve Ogrenebilme kabiliyetini saglamay1 amaglar. Bilimsel hedefi, alternatif 6grenme
mekanizmalarini arastirmak ve bulmaktir. Ayrica makine 6grenmesi sisteminden, 6grenici ile iletigim
kurmasi ve calisma verilerinin sisteme uygulanabilmesi beklenmektedir. Sistemin kurulmasi ve test
edilmesiyle bu siireglerin etkinligi ve limitleri belirlenmektedir (Carbonell ve Gil, 1987).

Bu c¢alismada pazar arastirmasi, is giicii arastirmasi, insan kaynaklar1 alani ve egitim
arastirmalarinda kullanilabilecek bir veri olan Tiirkiye’deki issizlik oraninin, tahminini etkileyen
degiskenlerin analizi makine dgrenme algoritmalarindan faydalanilarak yapilmustir. Issizlik orani
tahmininde kullanilan bagimli degisken TUIK verilerinden elde edilen “issizlik oran1” degeridir. Bu
calismada, igsizlik orani tahmininde etkin olan girdi degiskenlerini (bagimsiz degiskenleri) saptamak
ve etkin olan makine 6grenmesi yontemini tespit etmek hedeflenmistir.
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2. LITERATUR TARAMASI

Literatiir arastirmas1 kapsaminda 2015-2020 yillar1 arasinda Tiirkiye’deki issizlik oraninin
tahmini yapan ¢aligsmalar incelenmistir.

Icen ve Giinay (2015), Tiirkiye’deki issizlik oram1 tahmini icin LINGO programini
kullanmiglardir. Analiz sonucunda bulanik regresyon modeli kullanilarak daha giivenilir tahminler
elde edildigi gozlemlenmistir. Calismada kullanilan bulanik model parametrelerinin énemi bulanik
hipotez testi ile test edilmistir. Bulanik regresyon analizi dogrusal programlama yaklagimi ile
yapilmis olup farkli h diizeyleri ile ¢alisilmistir. Verilen amag fonksiyonu bulanik katsayilarin toplam
yayilimlarini minimize etmek i¢in kullanilmis ve regresyon katsayilarinin merkez ve yayilim
degerleri elde edilmistir. Elde edilen model parametrelerinin énemli olup olmadigi Buckley (2004)
caligmasinda Onerilen bulanik hipotez testi ile test edilmistir

Giilenay Chadwick ve Sengiil (2015) Google tarama sonuglarmin verilerini kullanarak
Tirkiye’de ii¢ aylik bir gecikme ile yaymlanan “aylik tarim disi issizlik” donem ig¢i tahminini
gelistirip gelistirilmedigi aragtirilmistir. Caligmanin yontemi olarak, lineer tahmin modelleri ve Bayes
tabanli model ortalamasi kullanilmistir. Veri analizinde Ocak 2005 ve Kasim 2011 tarihleri aras1 baz
alimmustir. Elde edilen sonuglara gore tarim dis1 igsizlik oran1 donem i¢i tahminlerini iyilestirmektedir.
Tahmin modellerinin kare hatalarin ortalamalarinin karekokii karsilastirildiginda en iyi performansi
gosteren modelin Google tarama sonuclarinin ana bilesenlerini igermekte oldugu tespit edilmistir.
Google tarama verilerini igeren model 6rneklem i¢inde %47,7, 6rneklem disinda ise %38,4 daha
dogru tahminler verdigi gozlemlenmistir. Google tarama sonuglari verilerini igermeyen en i1yi model
orneklem icinde %34,1, 6rneklem disinda ise %29,4 daha dogru tahminler verdigi gozlemlenmistir.

Cifci (2016) ¢alismasinda, Markov zincirlerini stokastik siire¢ temelli bir tahminleme araci
olarak kullanmistir. Bu c¢alismada, Markov zincirleri yontemi kullanilarak Tiirkiye’nin 2016 yili
kurumsal olmayan igsizlik oran1 tahminlemesi yapilmustir. Veri seti olarak, TUIK ’in yaymladig1 1996
ile 2014 yillarina ait kurumsal olmayan issizlik verileri kullanilmistir. Elde edilen sonuglara gore
2016 yilinda Tiirkiye’de issizlik oran1 %94 olasilikla 6,5 puanin iistiinde bir deger alacagi, %79
olasilikla 9,9 puanin altinda bir deger alacagi, %80 olasilikla 10 puan alt1 bir deger olacagi ve %88
olasilikla 11 puan alt1 bir deger olacag1 ongoriilmiistiir. Genel anlamda 2016 y1l1 issizlik oraninin tek
haneli bir deger alacagi tahmin edilmektedir. Bu degerin 6,5 ile 9,9 araliginda kalmasi
beklenmektedir.

Yolcu ve Bas (2016) ¢alismasinda issizlik oranini ve isgiiciine katilim oranini tahmin etmistir.
Polonya ve Tiirkiye'de farkli bulanik zaman serileri yontemleriyle igsizlik oranlart analiz edilmistir.
Tim analizler sonucunda, bulanik zaman serileri tahmin modellerinin issizlik orani ve isgiicline
katilim orani gibi zaman serilerinin tahmininde iistiin tahmin performansina sahip oldugu ve bu tiir
tahminler i¢in etkili bir tahmin araci olarak kullanilabilecegi belirlenmistir. Ayrica, nerilen bulanik
zaman serisi yontemleri gelistirildiginde daha da iyi tahmin sonuglar1 verebilecekleri sdylenmistir.

Tiizemen ve Yildiz (2017) Tiirkiye issizlik oranini, Toplamsal ve Carpimsal-Mevsimsel Holt-
Winters yontemleri ile tahmin edilmistir. Calismada merkez bankasinin veri setinden yararlanilmistir.
Veriler, 01/2005-10/2016 dénemi Tiirkiye issizlik oranlarindan olusturulmustur. Yapilan analizlerin
performans degerlendirmeleri hata kareler ortalamasi ve ortalama mutlak yiizde hata degerleri ile
degerlendirilmistir. Yapilan analizde, Toplamsal-Mevsimsel HW yontemi ile MSE = 0,073711 ve
MAPE=0,021695, Carpimsal-Mevsimsel HW yontemi ile de MSE = 0,8618929 ve MAPE =
0,02217202 degerleri saptanmistir. Ayrica, Toplamsal-Mevsimsel HW yontemi ile yapilan analizde
igsizlik oranlarinin 2017 yilinda artarak devam edecegi dngoriilmiistiir.

Yildirrm ve Basegmez (2017) bu calismada, tek degiskenli zaman serisi verilerini tahmin
etmede yararli olan teknikleri kullanmislardir. Bu calismanin amaci, Tiirkiye Issizlik Oranini1 tahmin
eden en etkin ydntemi saptamaktir. Tiirkiye Issizlik oranina iliskin veriler, 1996-2015 tarihleri arasi
baz almarak TUIK’den almmistir. Oncelikle yillik issizlik oranlarmin karakterizasyonu icin
otokorelasyon analizi kullanilmistir. Otokorelasyon analizi sonuglarina gore Tiirkiye igsizlik oranlari
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arasinda korelasyon olmadig1 gosterilmistir. Ayrica bu serilerin mevsimselliginin oldugu da tespit
edilmistir. Bunedenle en 1yi tahmin modellerinin basit hareketli ortalama, agirlikli hareketli ortalama,
basit tistel diizeltme, uyarlanabilir yanit oran1 {istel diizeltme, Holt Lineer Tahmin ve Holt-Winter
trend ve mevsimsellik yontemi olduguna karar verilmistir. Tiim modeller i¢in tahmine en uygun
teknigin se¢ilmesinde kullanilan Theil'in U istatistikleri hesaplanmistir. Bu istatistiklere gore, Tiirkiye
issizlik orani i¢in en uygun yontem Holt'un Dogrusal Tahmin yontemidir. Bu teknige gore, Tiirkiye
issizlik oraninin 10,5 olacagi dngoriilmiistiir. Elde edilen sonuglara gore, Uyarlanabilir Tepki Orani
Ussel Diizeltme (ARRES) yonteminin basit hareketli ortalamalar igin 4.016, agirlikli hareketli
ortalamalar i¢in 2.653, ¢ift hareketli ortalamalar i¢in 4.940 olan en diisiik Ortalama Kareler Hatas1
degerini hesapladigi i¢in Tiirkiye igsizlik orani i¢in en uygun yontem oldugu sonucuna varilabilecegi
belirtilmistir.

Gil-Alina vd. (2019) Tiirkiye issizlik orani serilerini uzun hafizali modeller ve kismi biitlinlesik
teknikler kullanarak incelemislerdir. Calismanin amaci, literatiirde var olan hipotezlerden (NAIRU,
yapisalci, kalicilik ve histerezis) hangi hipotezin incelenen veriler i¢in daha uygun oldugunu
belirlemek amaciyla zaman serilerinin entegrasyon sirasini tahmin etmektir. Calismada, 1988 yili
3.ceyrek ile 2013 yili 4.¢ceyrek arasi Tiirkiye issizlik orani verileri kullanilmistir. Sonuglarimiz,
Tiirkiye'de igsizligin yiiksek oranda kalici oldugunu ve vakalarin cogunda entegrasyon siralarinin 1'e
esit veya daha yiiksek oldugunu gostermektedir. Ampirik sonuglarindan 6nemli politika ¢ikarimlari
ortaya ¢ikmistir; isgiicli ve makroekonomik politikalarin Tiirkiye'deki issizlik oranlari tizerinde uzun
stireli etkilerinin olmas1 beklenmektedir.

Bagc1 (2020) Tiirkiye'deki issizlik oranini tahmin etmek i¢in GM (1.1) modeli kullanildiktan
sonra, Markov zincirleri GM (1.1) modeline entegre edilerek Gri Markov modeli olusturulmus ve bu
yontemde issizlik oran1 yeniden tahmin edilmistir. Baslangi¢ olarak, Gri sistem modellerinden biri
olan GM (1,1) modeli kullanilarak issizlik oranlarina iligkin istatistikler hesaplanmistir. Daha sonra
her bir gozlem degerinin hata oranlar1 hesaplanarak belirlenmistir. Hem hata oranlart hem de verilerin
orijinal durumu kullanilarak Markov analizi yapmak i¢in durum gegisleri matrisi elde edilmistir. Tim
gbzlemler, bu matris ve durum gegisleri yardimiyla Gri Markov analizi kullanilarak yeniden tahmin
edilmistir. Iki GM arasinda karsilastirma yapabilmek igin (1,1) yeni tahmin degerlerine ait hata
oranlart da hesaplanmistir ve Gri Markov analizinin daha dogru tahmin sonuglar1 {irettigi tespit
edilmistir.

Bu ¢alismada, literatiirden farkli olarak tahmin modelleri olusturulurken veri madenciliginin
siniflandirma fonksiyonundan yararlanilmistir. TUIK tarafindan yapilan siniflandirma yardimiyla
tahmin modelleri olusturulmus ve issizlik orani tahmininde hangi Ozelliklere sahip girdi
degiskenlerinin yani hangi veri gruplarinin daha etkin oldugu arastirilmigtir. Ayrica issizlik orani 3
farkli (GRNN, SVM, GEP) makine o6grenme algoritmasi ile tahmin edilerek yontemlerin
performanslar1 karsilagtirilmistir. Regresyon ve sinir ag1 tabanl bir yontem olan GRNN ydnteminin,
SVM ve GEP yontemlerinden daha etkin sonuclar verdigi tespit edilmistir.

3. VERI SETi VE YONTEM
3.1 Veri Seti

Bu ¢aligmada kullanilan veri seti TUIK tarafindan ilk defa 2016 yilinda yayimlanan (2015
verilerini icermektedir) Illerde Yasam Endeksi (IYE) ¢alismasindan alinmistir. TUIK tarafindan veri
seti hakkinda verilen bilgiler su sekildedir; “Veri seti, endeks objektif ve siibjektif gostergeleri
icermektedir. Siibjektif gostergelerinin temel veri kaynagi il diizeyinde uygulanmasi planlanan
Yasam Memnuniyeti Arastirmasmnin (YMA) sonuglaridir. Objektif gostergeler ise il diizeyinde TUIK
verileri ve diger kurum ya da kuruluslardan derlenen verilerden olusmaktadir.” (Resmi Istatistik,
2016).

YMA verileri, 4500 cevapli Ornek hanede 9397 cevapli bireyle gergeklestirilen anket
calismasindan elde edilmistir. Anketin amact TUIK tarafindan “Tiirkiye’deki bireylerin &znel
mutluluk algisi, saglik, sosyal giivenlik, 6rgiin egitim, ¢aligma hayati, gelir, kisisel giivenlik ve adalet
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hizmetleri, kisisel gelisim gibi temel yasam alanlarindaki memnuniyetleri 6l¢mek ve bunlarin zaman
icindeki degisimi takip etmek” seklinde agiklanmistir (TUIK, 2016a).

Veri anketinin kapsami, “Tiirkiye Cumhuriyeti siirlar1 iginde bulunan hanelerde yasayan 18
ve daha yukari yastaki T.C. vatandaslari ile yabanci uyruklu kisilerdir. Arastirmada, kurumsal niifus
(Giniversite 0grenci yurdu, huzurevi, bakimevi, ceza ve tutukevi, 1slahevi, yetistirme yurdu, askeri
birlik ve kisla vb.) kapsam dis1 tutulmaktadir.” Anket sonuglar1 Tiirkiye nin 81 ilini kapsamakta ve
oranlar illere gore ayrilmaktadir (TUIK, 2016b).

Bu ¢alismada TUIK tarafindan yayimlanan IYE gostergelerinin; issizlik oran1 % (10) iller (ID),
Kisi basina diisen tasarruf mevduati TL (KDT), Orta ve istii gelir grubundaki hanelerin orant %
(OUG), Temel ihtiyaglarini karsilayamadigini beyan eden hanelerin oran1 % (TIK), Hekim basina
diisen miiracaat sayis1 (HDM), Sagligindan memnuniyet orant % (SMO), Kamunun saglik
hizmetlerinden memnuniyet orani % (KSM), Okul 6ncesi egitimde (3-5 yas) net okullasma oranm1 %
(OOE), TEOG sistemi yerlestirmeye esas puan ortalamasi (TEOG), YGS puan ortalamasi (YGS),
Fakiilte veya yliksekokul mezunlarinin oran1 % (FYM), Kamunun egitim hizmetlerinden memnuniyet
orani (%) (EHM), Cinayet oran1 (CO), Oliimlii ve yaralanmali trafik kazas1 sayis1 (TKO), Gece yalniz
yiiriirken kendini giivende hissedenlerin oran1 (GGO), Kamunun asayis hizmetlerinden memnuniyet
orani (KAM), Mabhalli idareler se¢imlerine katilim oran1 (SKO), Siyasi partilere tiyelik oran1 (SPU),
Sendika/dernek faaliyetleri ile ilgili olanlarin oran1 (SDU), Internet abone sayis1 (IAS), Kanalizasyon
ve sebeke suyuna erigim orani % (SEQO), Havalimanina erisim oran1 (HEO), Belediyenin toplu tasima
hizmetlerinden memnuniyet oran1 (BHM), Sinema ve tiyatro seyirci sayist (STS), Bin kisi basina
diisen aligveris merkezi alan1 (m2) (AMO), Sosyal iliskilerinden memnuniyet oran1 (SIM) ve Sosyal
hayatindan memnuniyet oran1 (SHM) verileri kullanilmistir. I0’yu tahmin etmek icin 10 bagiml
degisken cikt1 verisi olarak, diger 27 bagimsiz degisken ise girdi verisi olarak kullanilmistir.

TUIK tarafindan hazirlanan IYE calismasinin verileri niteliklerine gére siniflara ayrilmistir. Bu
siniflandirma sonucunda olusan veri gruplari ile tahmin modelleri olusturulmustur. Olusturulan 8
tahmin modelli ve igerdigi degiskenler Tablo 1’de sunulmustur. Veri setinin istatistigi Tablo 2’de
sunulmustur.

Tablo 1. Tahmin Modellerinin Veri Gruplari

Model No Model ismi Model Degiskenleri
1 Gelir ve Servet ID 10 KDT OUG TIK
2 Saglik ID HDM SMO KSM
3 Egitim ID OOE TEOG YGS FYM EHM
4 Giivenlik ID CO TKO GGO KAM
5 Sivil Katilim ID SKO SPU SDU
6 Alt Yap1 Hizmetlerine Erigim ID IAS SEO HEO BHM
7 Sosyal Yasam ID STS AMO SIM SHM
' ID I0 KDT OUG TIK HDM SMO KSM OOE TEOG YGS
8 Tiim Degiskenleri Igeren Model FYM EHM CO TKO GGO KAM SKO SPU SDU IAS
SEO HEO BHM STS AMO SIM SHM

Tablo 2. Veri Setinin Istatistik Degerleri

Degiskenler Min Max Ortalama Standart Sapma

10 4,2 234 8,801 3,878
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ID 1 81 4 23,527
KDT 616 18131 4342,033 2821,418
ouUG 16,27 58,91 34,382 8,633
TIK 32,78 74,95 50,95 10,19
HDM 2763 8067 5834,383 1245,116
SMO 59,15 80,76 71,997 4,448
KSM 54,55 89,13 77,468 7,305
OOE 2353 53,16 35,275 6,247
TEOG 215,33 337,99 295,936 27,672
YGS 178,6 207,95 197,64 5,512
FYM 8,56 22,65 13,118 2,348
EHM 48,18 88,89 74,089 8,46

co 4,47 69,34 25,499 11,118
TKO 0,71 4,59 2,436 0,776
GGO 45,1 87,23 67,598 9,242
KAM 58,88 94,86 84,236 7,161
SKO 77,1 93,1 88,157 3,194
SPU 12,44 34,73 21,243 3,935
Sbu 3,54 22,08 6,735 2,582
IAS 2,16 17,66 8,68 3,866
SEO 31,11 100 74,37 15,827
HEO 0 9874,8 669,867 1571,486
BHM 23,46 78,81 58,394 11,581
STS 0,29 147,44 45,353 34,005
AMO 0 284,01 69,54 68,29
SIM 78,23 96,16 88,831 3,793
SHM 215 80,88 54,265 11,355
3.2 Yontem

3.2.1. Genel Regresyon Sinir Ag
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Ornek sayisi arttikga optimal regresyon yiizeyine yakinsama prensibi ile calisan GRNN
yoOnetimi, hizl1 6grenmeye dayali bir algoritmadir. Seyrek veriye sahip bir set iizerinde calisildiginda
GRNN yéntemi avantajlidir. Ornek olarak, veri hiper yiizeyi, her yeni numune noktasmnin
eklenmesiyle artarak, karmasiklasir. GRNN yo6ntemi, verileri diisiik ve yiiksek olarak ikiye bolmek
icin, hiper uzay aralarinda gecise izin verir (Dtreg, 2021a).

GRNN ag1 dort katmanli bir yapidan olugsmaktadir. Giris katmani, her tahmin degiskeni icin
girig katmaninda bir néron bulunmaktadir. N (kategori sayisi), Kategorik degiskenler ile ¢alisirken
N-1 noéronlart kullanilir. “Giris noronlari, medyani ¢ikararak ve ceyrekler arasi aralifa bolerek
degerlerin araligini standartlagtirir. Sonrasinda bu degerleri gizli katmandaki noronlarin her birine
iletir” (Dtreg, 2021a). Gizli katman, egitim veri kiimesindeki her durum i¢in bir nérona sahiptir.
Noron, hedef degerle birlikte durum ic¢in dngoriicii degigkenlerin degerlerini depolamaktadir. Gizli
bir noron, girdi katmanindan gelen girdi degerlerinin x vektorii ile sunuldugunda, test senaryosu,
noéronun merkez noktasindan Oklid mesafesini hesaplar ve ardindan sigma degerlerini kullanarak
RBF c¢ekirdek islevini uygular. Elde edilen sonu¢ degeri, desen katmanindaki néronlara iletilir.
Toplama katmani, GRNN aglari i¢in, toplama katmaninda yalnizca iki ndron vardir; “Bir néron payda
toplama birimi, digeri pay toplama birimidir. Payda toplama birimi, gizli noronlarin her birinden
gelen agirlik degerlerini toplar. Pay toplama birimi, her bir gizli néron igin gercek hedef degerle
carpilan agirlik degerlerini toplar.” Karar katmani, pay toplama biriminde biriken degeri payda
toplama birimindeki degere bdler ve sonucu tahmin edilen hedef deger olarak kullanir (Dtreg, 2021a).

3.2.2. Destek Vektor Makineleri

Temel olarak, SVM yo6nteminin arkasindaki ana fikir, dogrusal olarak ayrilabilir modeller i¢in
siniflandirma i¢in kullanilabilecek bir optimal hiper diizlemin olusturulmasidir. Optimal hiper
diizlem; “hiper diizlemin marjini, yani hiper diizlemden her modelin en yakin noktasina olan mesafeyi
maksimize eden kaliplar siniflandirmak i¢in hiper diizlemler kiimesinden segilen bir hiper diizlemi”
seklinde tanimlanmistir. SVM yoOnteminin temel amaci, marj1 maksimize etmektir, bdylece verilen
desenleri dogru bir sekilde siniflandirabilir, yani marj boyutu biiylidiikkge desenleri daha dogru
siniflandirabilir. Hiper diizlem, aX + bY = C ile formiiliize edilir (Pradhan, 2012).

SVM tabanli modeller ii¢ farkli hattan olusmaktadir. W.x-b = 0 ¢izgisi, ayirma marj1 veya
marjinal ¢izgi olarak bilinir. W.x - b =1 ve w.x - b = -1 hatlari, kenar boslugu ¢izgisinin her iki
tarafindaki ¢izgilerdir. Bu ii¢ ¢izgi birlikte, verilen desenleri ayiran hiper diizlemi olusturur ve hiper
diizlemin kenarlarinda yatan desene destek vektorleri denir. Kenar boslugu ¢izgisi ile hiper diizlemin
kenarlar arasindaki dikey mesafe, kenar boslugu olarak bilinir. Dogru siniflandirma i¢in SVM’nin
amaglarindan biri, daha 1yi siniflandirma i¢in bu marj1 maksimize etmektir. Kenar boslugunun degeri
veya dikey mesafe ne kadar biiyiikse, siniflandirma siireci o kadar iyidir ve dolayisiyla hata
olusumunu en aza indirir (Pradhan, 2012).

SVM tabanli modeller, klasik ¢ok katmanli algilayici sinir aglarina benzerdir. Bir ¢ekirdek
islevi kullanan SVM yo6ntemi, polinom, radyal temelli islev ve ¢ok katmanli algilayict siniflandiricilar
gibi agin agirliklarinin konveks olmayan bir denklem yerine dogrusal kisitlamalarla ikinci dereceden
bir programlama problemini ¢dzen alternatif bir egitim yontemi kullanir (Dtreg, 2021b).

3.2.3 Gen Ifadesi Programlama

GEP, ifade-mutasyon problemine zarif ve etkili bir ¢6ziim olarak, 1999 yilinda Candida Ferreira
tarafindan Onerilmistir. Ferreira, ifadeleri kodlamak i¢in, ¢ok cesitli mutasyon ve melezleme
tekniklerinin hizli uygulanmasina izin verirken ortaya cikan ifadenin her zaman s6zdizimsel olarak

gecerli olacagini garanti eden bir sistem tasarlamis ve bu yaklasima GEP adi verilmistir (Dtreg,
2021c).

GEP yontemi biyolojik evrimi taklit eden bir bilgisayar algoritmasidir. Karar agaglari, sinir
aglar1 ve polinom yapilar dahil olmak {izere birgok farkli model tiirii olusturmak i¢in kullanilabilir.
DTREG programinda uygulanan GEP tiirii, sembolik regresyondur. Sembolik matematiksel veya
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mantiksal bir islev olusturdugu i¢in bu sekilde adlandirilmaktadir. Girdi verileri fonksiyonlara ve
degiskenlere ek olarak, ifadeler sabitler i¢erebilir (Dtreg, 2021c). DTREG tarafindan GEP su sekilde
tarif edilmektedir; “Sabit uzunluktaki dogrusal kromozomlarda kodlanmis bilgisayar programlarini
gelistiren tam tesekkiillii bir genotip / fenotip sistemidir”

3.3 Tahmin Duyarhlk Analizi

Bir tahmin yonetimin duyarliligi, tahmin edilen deger ile ger¢ek degerler arasindaki sapmalarin
analizi sonucu ortaya ¢ikmaktadir. Tahmin duyarlilik analizinde, hata tahmin o6l¢iileri ve bunlari
hesaplamaya yarayan yontemlerden yararlanilmaktadir (Kobu, 2017). Hata degeri, ¢alismadan elde
edilen sonuglar ile gercek sonuglar arasindaki farkin alinmasiyla hesaplanir. En diisiik hataya sahip
tahmini yapan yontem, en iyl sonuglari veren yontemdir. Bu ¢alismada, tahmin sonuglarini
degerlendirmek i¢in duyarlilik analizinin hata tahmin dl¢iilerinden faydalanilmistir.

3.3.1 Kolerasyon Katsayisinin Karesi (R2)

Kolerasyon katsayisi, “iki sayisal 6l¢iim arasinda dogrusal bir iligki olup olmadigini, varsa bu
iligkinin yOniiniin ve degerinin ne oldugunu belirlemek i¢in kullanilan bir istatistiksel yontem” olarak
tanimlanmaktadir. Korelasyon katsayisi negatif ise iki degisken arasinda ters iliski vardir, pozitif ise
degiskenlerden biri artarken digeri de artmaktadir R? Formiilii (1)’de gosterilmistir (Kobu, 2017).

I vy’

R=1-S7 =7y

(1)

Bulgularda R? degeri yorumlanirken; %80 < R?¢ok iyi, %60 < R?< %80 iyi, %40 < R? < %60
orta, %20 < R?< %40 kabul edilebilir, R? < %20 hatali olarak degerlendirilmistir.

3.3.2. Hata kareler ortalamasinin karekokii (Root Mean Square Error - RMSE)

RMSE, kareler toplaminin boéliinmiis tahmin sayisinin kare kokii olarak tanimlanir. Gergekte
gozlenen degerler ile tahmin modeli tarafindan 6ngoriilen degerler arasindaki farki 6lgmektedir.
Dolayisiyla diisiik RMSE degeri, modelin daha dogru tahmin trettigini gostermektedir. RMSE
Formiilii (2)’de gosterilmistir (Kobu, 2017).

RMSE = \/%zyﬂ(y —Y")? (2)

Bulgularda RMSE degeri yorumlanirken diisiik RMSE degerine sahip (hata degeri daha diisiik
olan) modelin diger modelden daha dogru (daha 1yi) tahmin gerceklestirdigi diistiniilmiistiir.

Denklem 1°de, Y gercek 10, Y'tahmin edilen 10, Y gercek 10 degetlerinin ortalamasini, n ise
test edilen alt kiime orneklerinin sayisin1 gostermektedir.

3.3.3. Ortalama Mutlak Yiizde Hata (Mean Absolute Percentage Error - MAPE)

MAPE, genellikle hata degerlerinin birim degerleri farklilik gosteriyorsa tercih edilmektedir
MAPE ile farkli birim degerlerin karsilastirilmasinda ortaya cikabilecek dezavantajlar elimine
edilmektedir. MAPE Formiilii (3)’de gosterilmistir (Kobu, 2017).
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n |Y-Y'|
MAPE = 100 + 2227 3)
n

Denklemlerde Y gercek 10, Y'tahmin edilen 10, Y gergek 10 degerlerinin ortalamasini, n ise
test edilen alt kiime orneklerinin sayisini géstermektedir.

Bulgularda MAPE degeri yorumlanirken; MAPE <%10 ¢ok iyi, %10 < MAPE <%20 iyi, %20
< MAPE < %50 kabul edilebilir, %50 < MAPE hatal1 olarak degerlendirilmistir.

Bu calismada kullanilan makine Ogrenme yontemleri DTREG programi yardimiyla
calistirllmigtir. GRNN, SVM ve GEP algoritmalar1 10 kath ¢apraz dogrulama yapilarak tahmin
modellerine uygulanmistir. Tablo 3’de makine 6grenme yontemlerinde kullanilan parametreler ve
degerleri verilmistir. Bu ¢alismada veri setinin hem girdi hem ¢ikt1 degerleri aga tanitilmis 6nce
egitim sonra test sonuglar1 hesaplatilmistir. Elde edilen sonuglar Tablo 4’de gdsterilmistir. Sonuglar
incelendiginde siniflandirma sonuglarina gore diizenlenmis 8 farkli tahmin modeli goriilmektedir. Bu
tahmin modellerinin GRNN, SVM ve GEP yontemlerinden elde edilen RMSE degerleri
bulunmaktadir.

Sekil 1’de ise GRNN tabanli modeller ile elde edilen sonuglarin SVM ve GEP tabanli modeller
ile elde edilen sonuglara gére RMSE degerlerinin yiizde iyilestirme oranlariin grafigi verilmistir.

Tablo 5’de GRNN yo6ntemine gore veri gruplarinin RMSE oranlari siralanmustir.

Tablo 6’de ise GRNN yontemine gore veri gruplarinin etkinligi sunulmustur. Analiz yapilirken
RMSE oraninin yani sira R2, MAPE ve programin ¢alisma siiresi hesaplanmustir.

Tablo 3. Yontemlerin Parametreleri

Yontemler Parametreler Degerler
Sigma [0,0001 - 10]

GRNN Arama Sayisi 20
Cekirdek Fonksiyonu Gaussian
Cost (C) [0,1 - 5000]

SVM Gamma (y) [0.001 - 50]
Cekirdek Fonksiyonu RBF
Populasyon Degeri [10-60]

GEP En Yiiksek Gen Sayisi 2000
Kromozom Bagina Gen Sayis1 4

Tablo 4. Yontemlerin Kargilagtirmali Sonuglari

GRNN DVM GEP
Egitim Test Egitim Test Egitim Test
No Veri Grubu RMSE RMSE RMSE RMSE RMSE RMSE
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1 Gelir ve Servet 2,927 3,143 2,770 3,442 3,178 3,715
2 Saglik 1,423 3,438 3,668 3,725 3,436 3,757
3 Egitim 1,485 2,614 2,401 3,342 3,482 3,478
4 Giivenlik 2,397 3,123 3,122 3,195 3,215 3,602
5 Sivil Katilim 2,634 3,315 2,954 3,578 3,554 3,700
6 Alt Yap1 Hizmetlerine Erisim 1,186 2,831 1,740 2,929 2,958 3,386
7 Sosyal Yasam 1,303 2,845 2,550 3,169 3,019 3,336
8 Tiim Degiskenleri Iceren Model 0,257 2,112 1,832 2,688 2,340 3,052

B GRNN & DVM B GRNN & GEP

8,493

7,713

Sekil 1. Yontemlerin Karsilastirmali Sonuglar

Tablo 5. GRNN Yontemine Gore Veri Gruplariin Etkinlik Siralamasi

Model No Veri Grubu Degiskenler Egitim RMSE Test RMSE

ID 10 KDT OUG TIK HDM
SMO KSM OOE TEOG
YGS FYM EHM CO TKO

8 Tiim Degiskenleri Iceren Model GGO KAM SKO SPU SDU 0,257 2,112
IAS SEO HEO BHM STS
AMO SIM SHM

3 Egitim ID OOE TEOG YGS FYM 1,485 2614

EHM
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6 Alt Yap1 Hizmetlerine Erigim ID IAS SEO HEO BHM 1,186 2,831
7 Sosyal Yasam ID STS AMO SIM SHM 1,303 2,845
4 Giivenlik ID CO TKO GGO KAM 2,397 3,123
1 Gelir ve Servet ID 10 KDT OUG TIK 2,927 3,143
5 Sivil Katilim ID SKO SPU SDU 2,634 3,315
2 Saglik ID HDM SMO KSM 1,423 3,438

Tablo 6. GRNN Tabanli Modellerin Veri Gruplart Bazinda Detayli Analizi

GRNN Yontemi Egitim Test

Model Ad RA2 RMSE MAPE RA2 RMSE MAPE  ZAMAN
Gelir ve Servet 0,4234 2,927 23,841 0,335 3,143 24801  00:01:36
Saglik 0,86364 1,423 9,344 0,2044 3,438 24671  00:01:07
Egitim 0,85151 1,485 11,698 0,5401 2,614 20126  00:01:53
Giivenlik 061324 2,397 18,459 034356 3,123 22241  00:01:37
Sivil Katilim 0,5331 2,634 22,007 026038 3,315 28211  00:01:27
grlitsir:apl Hizmetlerine - 953 1,186 9,044 0,46061 2,831 18,848 00:01:09
Sosyal Yasam 0,88568 1,303 10,142 0,4551 2,845 22548  00:01:13
i Degiskentert Igeren  g9555 0,257 15,281 060984 2,112 16932 00:04:16
Ortalama Sonuglar 0,75893 1,701471 1497687 0412374  2,927368 22,2971  00:01:47

4, BULGULAR

Tablo 4, 5, 6 ve Sekil 1 ile elde edilen bulgular su sekildedir;

e Tablo 4 incelendiginde, 10 tahmininde tiim modeller icin GRNN ydnteminin en iyi (en diisiik
RMSE hata degerli) sonuglar verdigi ve SVM yonteminin ise GEP yonteminden daha iyi
sonuglar verdigi gézlemlenmistir.

e Tablo 4 incelendiginde, GRNN tabanli modellerin ortalama RMSE degerleri SVM tabanlh
modellere gore %10,355 & GEP tabanli modellere gore %16,800 daha diistiktiir.

e Tablo 4 incelendiginde, Tiim yontemler i¢in en iyi tahmin modelinin tiim degiskenleri i¢eren
8.model oldugu gozlemlenmektedir
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e Tablo 4 incelendiginde, En iyi model olan 8.model (en diisiik hata degerleri sahip) ile en fazla
hata degerine sahip 2.model saglik veri grubu arasindaki RMSE degerlerinin farki (iyilesme
orani) 1,022’dir.

e Tablo 5 incelendiginde GRNN yontemine gore en iyi tahmin modelinin en diisiik test RMSE
degerine sahip olan 8 model oldugu gézlemlenmistir.

e Tablo 5 incelendiginde GRNN yontemine goére en iyi tahmin model siralamasinin
8,3,6,7,4,1,5,2 oldugu gozlemlenmektedir. Buna gore IO tahmininde veri gruplarinin etkinligi
su sekilde siralanabilir; oncelikle egitim, alt yap1 hizmetleri, sosyal yasam, giivenlik, gelir ve
servet, sivil katilim ve son olarak saglik veri grubu.

e Seckil 1°den elde edilen verilere gore en fazla 8.model ve 3.modelde en az 4.model ve
2.modelde iyilesme gozlemlenmistir.

e Tablo 6 incelendiginde, R? degerinin ortalama %41 olarak goriilmektedir. Bu oran orta
diizeyde uyumluluk olarak yorumlanmistir. En iyi sonucu veren tiim degiskenleri i¢eren
modelin %69 R? degeri ile iyi diizeyde uyumluluga sahip oldugu soylenebilir.

e Tablo 6 incelendiginde ortalama MAPE degerinin %22 olmasi iyiye yakin kabul edilebilir
hata oraninin oldugunu. Tiim degiskenleri igeren modelin ise %16 hata degerine sahip oldugu
yani 1yi bir tahmin modeli oldugu ortaya konulmustur.

e Tablo 6 incelendiginde tahmin modellerinin GRNN yo6nteminde g¢alisma zamanlarinin
ortalama 1 dakika 47 saniye oldugu goriilmektedir. Bu durum ¢ok kisa siirede kabul edilebilir
oranda sonugclar elde edildigini géstermektedir.

5. SONUC

Veri madenciligi, veri tabaninda bulunan verilerin bilgiye doniistiiriilmesi kullanilmasinin yani
sira, tahmin i¢in uygun verilerin tespitinde de kullanilmaktadir. Bu ¢aligmada veri madenciligi
yontemlerinin smiflandirma (TUIK in 6zelliklerine gore veri gruplari), iliskilendirme ve regresyon
(makine 6grenme algoritmalar1) fonksiyonlarindan yararlanilmistir.

Bu ¢alismada, TUIK ’in IYE arastirmasinin veri seti ve veri gruplari kullanilarak 8 farkli tahmin
modelleri gelistirilmigtir. 8 tahmin modeli GRNN, DVM ve GEP makine 6grenme yontemleriyle
analiz edilmistir. Elde edilen sonuglarin duyarliligt RMSE orani kullanilarak karsilastirilmigtir. Tiim
modeller i¢in kullanilan yontemden bagimsiz olarak en iyi sonuglar tiim degiskenleri igeren
8.modelden elde edilmistir ve en diisiik performans ise saglik verilerini iceren 2.modelden elde
edilmistir. 8 tahmin modelinde de tutarli olarak en iyi sonuglar GRNN yonteminden elde edilmistir.
Ayrica SVM yontemi ile GEP yonteminden daha 1yi sonuglar elde edilmistir. GRNN yonteminin
performansi incelendiginde tiim tahmin modellerinde orta derece kolerasyon ve kabul edilebilir
MAPE dogruluk orant oldugu gozlemlenmistir. GRNN yontemi ile 8.modelden elde edilen
sonuglarda ise iyi derecede kolerasyon ve dogruluk orani gdzlemlenmistir.

Gelecek calismalarda, IO tahmininde kullanilan yapay 6grenme yontemleri farklilastirilabilir.
Derin 6grenme yontemleri ile sonuglar analiz edilebilir. Ayrica girdi degiskenlerinin sayis1 arttirilarak
hata oranlan diisiiriilebilir.
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Oz

Spotify, dinleyicilerin dinleme kaliplarina gore ¢ok ¢esitli ¢calma listeleri sunan diinyanin en biiyiik
cevrimi¢i miizik paylasim platformudur. Bu makale, Filipinler verisi tizerine yapilan incelere gore,
miizik tercihinin duygusal durumla yiiksek oranda iliskili oldugunu ve miizigin pandemi sirasinda
bir duygu diizenleyici ara¢ oldugunu ortaya koymaktadir. Popiiler makine 6grenimi yontemleri
(stiflandirma ve regresyon agaglar, giiclendirilmis agaglar, rastgele ormanlar, Destek Vektor
Makineleri ve Yapay Sinir Aglari), pandeminin siddetiyle orantili olarak farkli zaman periyotlarinda
insanlarin miizik tercihlerini siniflandirmak igin, 5 katli capraz dogrulama ile birlikte kullaniimistir.
Algoritmalarin ogrenme stireglerinde giinliik resmi covid-19 istatistikleri ve Spotify verileri ana
degiskenler olarak kullaniimaktadir. SVM, %98,01 dogruluk orani elde ederek ortalama dogruluk
oraninda diger alternatif modeller iginde en iyi performansi gostermistir. Ek olarak, ANN, ozellikle
tek bir modelde elde edilen dogruluk acisindan diger alternatiflerden daha iyi performans
gostererek 999,30 dogruluk oranina ulasmistir. Ayrica (azalan sirada) en biiyiik (mutlak) degisime
sahip degiskenler ST Intrumentalness (%26,45), ST Acousticness (%19,03), ST Liveness (%16,11)
ve ST Valence (%14,1)'dir. Pandemi kaynakli stres ve konserlerin iptali goz éniine alindiginda,
ST Valence (miizikal pozitiflik) ve ST Liveness degiskenlerinin boyle bir oranda degisecegi sezgisel
bir beklenti olmustur. Sonuglar, miizik tercihinin duygusal durumun énemli bir gostergesi oldugunu
dogrulamaktadir.

Anahtar Kelimeler: Nicel Karar Yontemleri, Veri Analitigi, Makine Ogrenimi, Duygu Analizi,
Miizik.

Abstract

Spotify is the world's largest online music streaming platform that offers a tremendous variety of
playlists based on listeners' listening patterns. This paper proposes that music preference is highly
associated with emotional state, and music is an emotion regulator tool during the pandemic in the
Philippines. Well-known machine learning methods (i.e., classification and regression trees,
boosted trees, random forests, Support Vector Machines, and Artificial Neural Networks) in
combination with 5-fold cross-validation are used to classify periods in proportion to the severity
of the pandemic and people's musical preferences. Daily official covid-19 statistics and Spotify data
are used as main variables during the algorithms' learning processes. SVM outperformed the other
alternatives in average accuracy rate by achieving a 98.01% accuracy rate. Additionally, ANN
outperformed the other alternatives in terms of accuracy achieved specifically in a single model,
achieving an accuracy rate of 99.30%. Moreover, the variables with the largest (absolute) change
(in descending order) are ST_Intrumentalness (26,45%), ST_Acousticness (19,03%), ST_Liveness
(16,11%), and ST_Valence (14,1%). Given pandemics-related stress and cancelation of concerts, it
would be an intuitive expectation that the variables ST_Valence (musical positivity) and
ST Liveness would change at such a rate. The results confirm that musical preference is a
significant indicator of emotional state.

Keywords: Quantitative Decision Methods, Data Analytics, Machine Learning, Sentiment Analysis,
Music.
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1. INTRODUCTION

The new coronavirus disease (COVID-19), which first emerged in Wuhan, China, in December
of 2019, has not only caused worldwide distress (Jena, et al. 2021) but also induced a big global worry
and psychological shock (Giordano, et al. 2020). World Health Organization (WHO) declared it as a
pandemic in January 2020 (Jena, et al. 2021).

Contagious diseases are always serious threats to humanity (Wang, et al. 2020). Because of the
scant available medical options and the severity of symptoms that may cause to patients’ death,
COVID-19 is particularly dangerous. Also, some patients infected with COVID-19 may not be
exhibiting any indication of disease but pass it on other people (Karasmanaki and Tsantopoulos 2021).
Pyrexia, insufficiency of breathing, and cough, are among the most common somatic signs of the
Covid-19 (Arslan, Yildirnm and Tanhan, et al. 2020) whereas psychological and neurological
consequences of COVID-19 is not well-documented (Rahman, et al. 2020).

The COVID-19 pandemic is a strong warning that pandemics are repeating phenomenons and
it is probable that such calamities will repeat in the future (Donthu and Gustafsson 2020). The worry
and dread about the disease have also caused to a societal stigmatization (Rahman, et al. 2020). The
COVID-19is not only an epidemiological catastrophe but also a health crisis by causing a vast variety
of psychological issues such as anxiety, fear and confusion (Arslan, et al. 2021).

Daily social life contains substantial physical activities such as meeting with friends,
participating concerts and intellectual events (Karasmanaki and Tsantopoulos 2021). However, daily
life has been rearranged under the pandemic circumstances. Governments around the world have put
into practice numerous protective policies to prevent the rapid boosting spread. All sports activities
have been cancelled or suspended to reduce the spread of the viriis (Nicola, et al. 2020). The best
intervention model to contain the disease was found to confine people in their homes (Sood 2020).
All the governments have closed their country borders, restricted the movement of poeple (Donthu
and Gustafsson 2020). These kind of limitations have caused to deterioration in economic courses
(Jena, et al. 2021) and in the supply chains (Nicola, et al. 2020). The quarantine policies that have
been performed by many countries impacted businesses, employment rates, and main services (Sharif,
Aloui and Yarovaya 2020) and also have led to stock market instability (Bayraktar 2020) and
bankruptcies for many popular corporations in different sectors (Donthu and Gustafsson 2020).

The present pandemic has had intense economic outcomes across the world (Donthu and
Gustafsson 2020). Under the pandemic circumstances, the demand for manufactured commodities
has decreased (Nicola, et al. 2020), investors have lost their interest in investing and started saving
capital (Donthu and Gustafsson 2020) resulting a worldwide panic that led the global economy to a
stop (Bayraktar 2020). The ambiguity and financial damage caused by covid-19 have caused the
business sectors to become extremely unrelaible (Bayraktar 2020). In a nutshell, the pandemic has
not only caused health crises, but it has also created chaos in the all economies on a measure not
observed since the Great Depression (Laing 2020).

The tourism sector is dealing with an unprecedented shock of cancellations and a dramatic
reduction in demand. The food and farming sectors are also struggling with excessive demand
because of panic-buying and stocking up on goods (Nicola, et al. 2020). Also global stock markets
have been impacted seriously by oil price drop (Sharif, Aloui and Yarovaya 2020). These striking
decrease in prices and production across all mining industry, demonstrate the present catastrophic
situation in the industry (Laing 2020). The strong impact on the economy has caused fiscal insecurity
and distress in the society which will implicitly cause health problems (Sood 2020).

Although there is very scarce data on the mental health course of past outbreak cases (Sood
2020), there is sufficient finding that negative psychological factors can cause substantial increase in
inflammatory diseases (Wang, et al. 2020). The ambiguity of the pandemic is a main factor for
psychological distress among people (Sood 2020). The psychological consequences of the distress
might exceed the health consequences of the pandemic (Xie, et al. 2020). Temporary shutting down
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restaurents, cafes, recreation centers, and the all similar public places has induced abrupt
transformation on usual dietary and social activity models (Flanagan, et al. 2021). Under the
quarantine circumstances, people are consuming more junk food and having less personal care
(Donthu and Gustafsson 2020). Therefore covid-19 has the potential to lead non-contagious diseases
like obesity (Flanagan, et al. 2021). In the study of Flanagan et al., the changes in daily dietary styles,
physical exercises, sleep patterns, mental health, and sedentary lifestyle before and in the course of
the COVID-19 was observed (Flanagan, et al. 2021).

The mental health effect of the pandemic have been proved to be much more severe for those
who are prone to psychological problems (Simon, et al. 2021). Psychological health is negatively
correlated with fear of death, and positively correlated with good health (Kasapoglu 2020). The new
form of daily life including restricted social activity, irregular sleeping hours, and social distancing
concept have adversely affected the mental well-being (Chaturvedi, Vishwakarma and Singh 2021).
As people stay at home for longer periods of time, the possibility of experiencing anxiety and
claustrophobia is increasing (Sood 2020). In the study of Tull et al., findings show the significance
of social interaction to mitigate adverse psychological effects of the COVID-19 (Tull, et al. 2020).

An unusually interesting process is going on, people are being fined for not staying at home
(Donthu and Gustafsson 2020). All educational institutions have ceased face to face education and
began giving online education (Arslan, et al. 2021). The findings show that the shutdown of
educational institutions has been extremely effective prevention to slow down the spread of the virlis
(Karasmanaki and Tsantopoulos 2021). These worldwide closure measures have impacted 1.4 billion
students (UNESCO 2020). Students have become physically away from their classmates and their
major social environment. Schools and colleges are gainful environments where students can enjoy
the feeling of belongingness that is a crucial component for better education process and mental well-
being. During the pandemic, a substantial increase has been observed in the number of mental
problems among students (Arslan, et al. 2021).

The essential role of art in education and entertainment is undeniable, and it is a means of
relaxation in times of economic difficulties. The need for artistic content has escalated during the
lockdown. Economic indications show that art and culture will be one of the most damaged industries,
and most likely one of the slowest to recuperate. Online access methods are highly preferred, as it is
temporarily not possible to physically participate in artistic and cultural activities (Radermecker
2020). Under the lockdown conditions, there is a rapid increase in the usage of Internet and social
media. Also, online shopping and (Donthu and Gustafsson 2020) gaming platforms have reached to
an unprecedented growth in the number of users (Nicola, et al. 2020).

Depression is a extremely widespread psychiatric (Sakka and Juslin 2018) and chronic illness
that can affect all age groups (Castillo-Pérez, et al. 2010). People with depression have trouble
controlling their emotions. Music has always been utilized as an alternative healing tool in all
societies (Martin, et al. 2021). Music listening is a beneficial activity for mitigating depression
symptoms, promoting positive emotions and diminishing negative emotions (Sakka and Juslin 2018).
Acording to reports from people, music has been a substantial support for coping with isolation, an
effective tool for emotional balancing, and a cure for loneliness (Martin, et al. 2021). Aljanaki et al.,
put forth that there is adequate variety and expressiveness in music to transmit and stimuli emotions
(Aljanaki, Wiering and Veltkamp 2016). Bogt et al. (2011) reveal the protective function of music
towards stress and conclude that listening to music stimulates positive emotions and supports coping
with stress and anxiety (Bogt, et al. 2011). The findings of Pothoulaki et al. (2008) show that music
is an excellent mood stimulant which ensures that attention is not focused on stressful situations; the
drop in anxiety level is especially evident when listening to music pleasant to the listener (Pothoulaki,
et al. 2008). In the study of Juslin et al. (2008), negative moods such as irritation, anxiety or worry
are not mostly experienced while listening to music (Juslin, et al. 2008).

Spiritual self-regulation methods give substantial benefits for social and educational
performance, as well as for personal health (Martin, et al. 2021). Music has the potential to evoke

94



Uluslararas1 Yonetim Bilisim Sistemleri ve Bilgisayar International Journal of Management Information Systems
Bilimleri Dergisi, 2022, 6(2): 92-116 and Computer Science, 2022, 6(2): 92-116

strong emotions in people (Aljanaki, Wiering and Veltkamp 2016). Also music can affect all brain
activities connected with emotions (Koelsch, 2018). There are many studies in the field of
neuropsychology that examine brain responses to musical parameters (Bresin and Friberg 2011).
According to this studies, emotions that arise with music are real and can be extremely intense. In
addition the vast majority of such music studies declare considerable transformation in the anterior
hippocampal (Koelsch, 2018). Moreover, music affects the functioning of heart, the action of
breathing, and blood pressure. Koelsch & Jancke concluded that pulse and breathing rates are higher

in reaction to energic music compared with soothing music (Koelsch and Jancke, Music and the heart
2015).

For different age groups, the favorite genres and streaming frequencies are different. The most
popular genres are Pop, rock, and jazz (Gurgen 2016). People between the ages of 18-40 use music
as a means of coping with loneliness (Martin, et al. 2021). There are several studies investigating the
effect of music on the brain. For example, Mozart's Sonata has been proven to increase brain capacity
by activating neural signal pathways. This is referred to as the "Mozart effect” (Castillo-Pérez, et al.
2010). Understanding music, which has been an important part of all cultures throughout human
history, will make it possible to correctly understand the emotions aroused by music (Koelsch, 2018).
Emotions evoked by music are usually the outcomes of dynamic emotional regulation (Eerola, et al.
2018). Music can be considered both as a way of expressing emotions and as a factor that causes
emotional reactions in listeners (Eerola, et al. 2018). In general, the most common purpose of listening
to music is to cultivate positive emotions (Sakka and Juslin 2018).

According to the results of a number of studies in the literature, music therapy can alleviate
pain, regulate sleeping pattern, and reduce anxiety without medication (Giordano, et al. 2020).
Giordano et al. proves the effectiveness of taking music therapy as a supplementary intervention to
alleviate anxiety and improve comfort (Giordano, et al. 2020). In the study of Martin et al.,
participants were asked to use music to express their feelings and support some social difficulties
such as loneliness. The findings verify that music is one of the most preferred methods to deal with
loneliness (Martin, et al. 2021). According to the results of a meta-analysis, loneliness is an element
of risk for all-cause mortality (Sood 2020). Also Castillo-Pérez et al. proposes that people with low
or medium level depression can use music to improve the efficacy of psychological support. No side
effects have been detected for music therapy, whereas music therapy can apply an extremely positive
effect on psychological health. In the music therapy session, the depression rates of the music-
listening group have decreased significantly (Castillo-Pérez, et al. 2010). Music-evoked happiness is
provided by dopamine release (Eerola, et al. 2018). Also, music is very effective for mitigating cancer
pain and (Castillo-Pérez, et al. 2010) muscle spasm (Faus, Matas and Elosegui 2019).

The convenience in exchanging information with others and the sense of social connection
convince people to be involved in social media. Social media is a very prevalent platform among
younger age groups (Arslan, et al. 2021). In a study on the subject, it has been revealed that the social
media usage is related to the concepts of belongingness, self-expression, and receiving personal
support (Arslan, et al. 2021). Even though social media provide people with so many benefits during
the quarantine, it also has some potential harms such as misleading rumors or incorrect information
(Sood 2020).

Providing instant access to countless music libraries, advances in digital technology are giving
people an unprecedented variety of music (Anderson, et al. 2021). In order to receive the highest
possible quality and speed service from the databases of musical sources, automatic evaluation and
classification algorithms are required. The methods applied by musical content sharing systems are
based on emotion-based analysis algorithms (Aljanaki, Wiering and Veltkamp 2016). Spotify is a
Swedish online music streaming service and is described as the world's largest streaming platform
with over a hundred million active users. According to user reviews, compared to competitors like
Apple or Amazon music streaming services, Spotify offers more convenient and reliable service.
Spotify's success is often seen as a consequence of its economic and cultural effect (Vonderau 2019).
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Spotify is usually described as the “new radio” for the effect it has on hit musics or albums, and for
its function in music consumption and music discovery. Spotify offers a growing variety of playlists
based on listener-centered driven data (Prey, Valle and Zwerwer 2020). Prey et al. investigated the
mediator function of Spotify on the music industry and how Spotify is changing the way we consume
music (Prey, Valle and Zwerwer 2020). Vonderau examined Spotify as a social media corporation
that operates at the intersection of technology, marketing, and music (Vonderau 2019).

People's preferences can be predicted with high accuracy thanks to computer-based algorithms.
Music preferences are an important indicator of people's psychological states. By using online
services, we can perform our daily activities, from social communication to information retrieval.
Recent social and psychological research suggests that it is possible to successfully predict people's
personality traits from digital records. The information obtained from this process is called a "digital
footprint™. Therefore, the music choices on Spotify can be considered as an important digital source
of information about personality traits. Listening to music is a significant individual activity and
therefore has the potential to contain qualified information regarding the personal preferences.
Anderson et al. examined the correlation between personality and music listening patterns on Spotify.
The findings show that the music listening pattern on Spotify provides significant information on the
personality (Anderson, et al. 2021).

In this study, it was examined whether people's musical preferences changed under the Covid-
19 pandemic conditions. Several musical parameters shared by Spotify and statistical data on the
course of the pandemic have been brought together on the daily basis. Since this is a descriptive study,
we do not have an obvious design of hypotheses; however, we do have a general assumption of the
patterns between emotional reactions and music parameters. Our research revealed that there is a
significant change in music listening habits during the pandemic.

2. EXPERIMENTAL STUDY
2.1. Data

The data used in this study is a combination of two data sets obtained from different sources.
The first dataset has been provided by a kagagle.com member JC Albert Peralta. That is a
Spotifycharts.com originated data shared within the scope of Spotify Developers API. The second
dataset has been obtained from another similar data-sharing platform, Our World in Data
(ourworldindata.org). The first dataset contains details about the top 200 most listened daily music
tracks on Spotify between the dates 01.01.2017 and 15.01.2021 in the Philippines. Details of the
variables are given below (Table 1).

Table 1. Description of variables (Spotify)

Variables Type Description

Date Ordinal The date on which the information of the track was collected

Track Id Nominal Unique Spotify id of the track

Track Name Text Name of the track

Position Numerical | Chart rank (from 1 to 200) in terms of number of streams.

Artist Name Text Acrtist of the track

Acousticness Numerical | The ratio of the acoustics of the track. It can take a value between 0 and 1.

Danceability ratio in terms of a combination of musical elements such as tempo, rhythm stability, beat strength,
and general regularity. It can take a value between 0 and 1.

Energy Numerical | Energy is a perceptual measure of intensity and activity. It can take a value between 0 and 1.

It can take a value between 0 and 1. The closer the instrumentals value is to 1, the greater likelihood the track
contains no vocal content.

Danceability Numerical

Instrumentalness | Numerical

The note or chord that the track is centered around. It can take a value between 0 and 11. If no key is detected, the
value is -1.

Key Numerical
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The presence of an audience in the recording and the probability that the track was performed live are measured.

Liveness Numerical It can take a value between 0 and 1.

Loudness Numerical | Overall loudness of a track in decibels (dB). Values typically range between -60 and 0 dB.

Mode Numerical | The type of scale from which its melodic content is derived. Major is represented by 1 and minor is 0.
Speechiness Numerical | The ratio of the presence of spoken words in a track. It can take a value between 0 and 1.

Tempo Numerical | The overall estimated tempo of a track in beats per minute (BPM).

Describes the musical positiveness (e.g. happy, cheerful, euphoric) conveyed by a track. Tracks with low valence

Valence Numerical sound more negative (e.g. sad, depressed, angry). It can take a value between 0 and 1.

Streams Numerical | Number of streams in the specified date

The second dataset contains daily covid-19 statistics in the Philippines between the dates
30.01.2020 when the first coronavirus case was detected in the Philippines and 15.01.2021. Details
of the variables are given below (Table 2):

Table 2: Description of variables (Covid-19)

Variable Type Description

date Ordinal Date of the day when daily data on the pandemic were obtained.

total_cases Numerical | The total number of coronavirus patients detected until the day of data collection.
new_cases Numerical | The total number of coronavirus patients detected on the day the data was collected.

new_cases_smoothed Numerical | Smoothed number of daily new covid-19 cases.

total_deaths Numerical | The number of deaths due to the total coronavirus detected until the day the data was collected.
new_deaths Numerical | The number of deaths due to the total coronavirus detected on the day the data was collected.
new_deaths_smoothed | Numerical | Smoothed number of daily new deaths caused by covid-19.

reproduction_rate Numerical | Daily calculated coronavirus transmission or contagiousness coefficient rate.

positive_rate Numerical | The rate of detecting positive in the total Covid-19 tests applied daily.

It provides a picture of the stage at which any country enforced its strongest measures. The Stringency
stringency_index Numerical | Index is a number from 0 to 100 that reflects these indicators. A higher index score indicates a higher
level of stringency.

The Spotify dataset has a total of 294,600 cases, as it contains information on the 200 most-
streamed tracks daily for more than 4-years. On the other hand, covid-19 data consists of a total of
352 cases. These two data sets were combined by averaging the musical characteristics of the 200
most listened-to music tracks on a daily basis. Later, this data was combined with the covid-19 data.
The combined data includes all of the variables listed in Table 1 and 2 above. Besides, the combined
data consists of 1473 cases, and only the last 352 cases contain both Spotify and covid-19 data.

Both StatSoft Statistica 14 and IBM SPSS 22 statistical package programs have been used in
data analysis.

2.2. Methodology

In this study, we examine the effect of musical parameters on human psychology. We conduct
our observations in two different time periods, pre-pandemic when social life goes on routinely, and
pandemic when human psychology is heavily exposed to negative effects. Spotify music data consists
of a period of 1473 days, and pandemic conditions were effective only in the last 352 days of that
period. Therefore, in order to observe the effects of the pandemic, the 352-day data needs to be
compared with the rest. In addition, by using only pandemic period (352-day) data, period-specific
situations can be observed.

In addition to considering the pandemic period as a whole, considering it according to sub-
periods will also provide important observation opportunities. The transmission rate of the infection,
and mortality or recovery rates of the patients vary during the pandemic. The stringency rates of the
measures implemented by governments also change in proportion to the variability in the rates.
Therefore, both the fear of getting sick and the severity of the social restrictions that people are
exposed to differ in the process. All these situations cause periodic differences in the psychological
effect of the pandemic on people. In this respect, it would be a valid approach to divide the pandemic
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period into sub-periods according to the course of the pandemic and examine people's music listening
tendencies according to these sub-periods.

Another notable issue is the way Spotify data is handled. While Covid-19 data consists of a
single line of information daily, Spotify data consists of 200 rows of information, corresponding to
the 200 most-streamed tracks. The 200-rows data need to be reduced to a single row and matched
with the pandemic data of that date. The reduction has been performed by taking an average of 200
rows.

The content of the "streams” variable in Spotify music data is different from other variables.
“danceability,” “loudness,” “acousticness,” etc. variables provide information about the musical
aspects of the tracks, while the variable “streams” gives the total number of plays of the tracks daily.
From this point of view, the “streams” variable alone does not provide satisfactory information. On
the other hand, in this study, the relationship between the musical aspects of the tracks and the
emotional states of people is investigated, and it is clear that the number of streaming is also a measure
of emotional orientation and therefore should be taken into account. The streaming number of a song
shows not only the listeners’ interest in that song but also the tendency towards the musical
characteristics of that song. Therefore, the weighting of the musical parameters was applied using the
variable "streams". In this way, the weighting of both the song and the musical parameters in the
general music preferences of the listeners was calculated. As a notation, each 'variable' takes the form
“ST_Variable” which is generated based on the weight calculation based on the number of streams.

After the data pre-processing step, qualified analyzes have been operated on the data. It has
been investigated whether there is a statistically significant change between people's musical
preferences in the periods of before (pre-pandemic) and after (post-pandemic) the first Covid-19 case
was diagnosed. A t-test was used to test whether there was a significant difference between the
arithmetic means of the musical parameter scores of the two groups (pre- and post-pandemic). In
addition, Levene's test was applied to test whether the groups had equal variances.

In addition, the value Pearson Correlation has been calculated to determine the degree of
correlation between musical and pandemic variables in the post-pandemic data only.

It is an undeniable fact that the change in fatality and transmission rates during the pandemic
and the severity of the measures taken accordingly have direct and negative effects on human and
societal psychology, just like the curfews, the compulsory wearing of masks, etc. However, these
rates have not remained constant throughout the pandemic. There are sub-periods in which the rates
decreased or increased in the process. Similarly, it would be a natural outcome that the effects of the
pandemic on the people's psychology in these sub-periods would differ. The pandemic period data
were divided into sub-periods with a k-means clustering application to observe the differences
between sub-periods using the variables "new_cases,” "new_deaths,"” "reproduction_rate,"
"positive_rate," and "stringency_index," which contain important information about the daily course
of the pandemic. In cases where the number of groups (categories) is more than two, ANOVA is
applied to compare the means of the groups. However, when "homogeneity of variances™ is violated,
"Robust Tests of equality of means™ such as Welch and Brown-Forsythe tests are applied. Thus, if no
statistically significant violation is detected, then it would be appropriate to operate "Multiple
Comparison”. As a result, Games-Howell multiple comparison tests were applied.

Having identified a significant relationship between the pandemic and musical preferences, the
next step will be to uncover the pattern of relationships. Is it possible to determine whether a randomly
selected day is before or after the pandemic by looking only at people's musical preferences, thanks
to a model created using music data? If such a pattern of relationships is recognized, how successful
is that pattern in explaining the data? For the recognition of such a pattern, widely used machine
learning algorithms were preferred. Thanks to this method, it is possible to reveal which pandemic
variable is effective in musical preferences and to what extent.
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One of the main issues of all machine learning algorithms is deciding when to stop, such as
how to prevent the algorithm from adjusting abstruse aspects of the training data that are unlikely to
increase the predictive power of the model in question. This problem is also known as overfitting.
That is a common problem for many machine learning algorithms used in predictive models.

In the data, the pre-pandemic period covers a period about three times as long as the post-
pandemic period. For this reason, a model built on all the data may have an overfitting problem. An
equal amount of data was taken from pre-pandemic and post-pandemic data to overcome this
problem. A balanced distribution of data was created covering the last 352 days before the pandemic
and the first 352 days after the pandemic, making a total of 654 days. In addition, 5-fold cross-
validation was applied to test the success of the models on balanced, stratified, and mutually disjoint
data sets. The models were built using machine learning algorithms CART, BT, RF, SVM, and ANN.
The modeling process was repeated for each of the subsets.

2.2.1. Classification And Regression Trees (CART)

CART is a nonparametric and distribution-free decision tree method used for classification and
prediction. Prior association detection and modeling are not required for CART, as it spontaneously
forms mutually disjoint groups that provide comprehensible insight into the interactive pattern of
significant independent variables (Ma 2018; Zhang and Singer 1999). Moreover, CART is a robust
statistical method that can handle many types of data and outliers (Perry, et al. 2013).

2.2.2. Random Forest (RF)

The random forest method generates so many decision trees and brings randomness into the
composition, which can provide a model of the most informative variables (Perry, et al. 2013). In
each child node (leaf node), RF first randomly selects a set of variables and then selects the ideal
variable from the selected set. The process of forest construction requires repeated cycles of tree
composition (He and Ding 2019). Random forest is a grouping method that uses various classification
trees to strengthen predictive models (Rudy, et al. 2019).

2.2.3. Stochastic Gradient Boosting Trees (BT)

Stochastic gradient boosting decision trees is a classification and regression algorithm based on
bootstrapped subsets that generates child nodes by repeated splittings (Safavian and Landgrebe 1991).

2.2.4. Support Vector Machine (SVM)

The support vector machine (SVM) is a supervised algorithm that operates by selecting a
splitting function that divides the training set into two categories. If no splitting function can linearly
split the data, a kernel function is used as a linear classifier to solve the non-linearity (Boyle 2011).
In addition, SVM can also be used as a regression algorithm (Nell and Shawe-Taylor 2000).

2.2.5. Artificial Neural Network (ANN)

The main goal of artificial neural networks (ANN) is to model complicated systems. The
principal structure of the neural network of a biological system can manage non-linear, insufficient,
and incomprehensible information. ANN is a composite process of mathematical algorithms designed
to extract information by mimicking the learning process of the human brain (Cain 2017). Also, ANN
can be characterized as a composition of analogically distributed computational models. The basic
processing component, neurons, are deeply interconnected, dynamically reshaping themselves during
the learning process (Zohuri and Moghaddam 2017).

2.2.6. K-Means Clustering

K-means clustering is a simple unsupervised machine learning method that aims to partition
observations into k clusters. The basic concept is to assign k centers corresponding to the k clusters.
The centers should be as far apart as possible. Each point is placed in a cluster corresponding to the
nearest center. After all points are distributed into clusters, the first iteration is complete. Next, k new
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centroids corresponding to the k new clusters are recomputed. According to the k new centroids, a
new partitioning must be performed for the same observation points. The centroids of the clusters can
move to a new location after each iteration. The process is repeated as long as the centroids move
(Rajaguru and Prabhakar 2017).

2.2.7. Levene’s Test

As a nonparametric procedure, Levene's test is used to assess the variance homogeneity. If the
hypothesis that the variances of the two populations are equal is rejected, then an investigation of the
reason for the inequality should be conducted (Levene 1960).

2.2.8. Welch Test

Welch's test is used to test the hypothesis that two populations have equal means. The test
performs better than the F-test and is quite good for normally distributed populations (Wilcox 2003).

2.2.9. Brown-Forsythe Test

The Brown-Forsythe test is used to test the hypothesis that two groups in a population have
equal variances. The test is based on an analysis of variance (ANOVA). The test statistic of the
Brown-Forsythe test, which is a number calculated from a statistical test of a hypothesis, is the F
statistic obtained from an ordinary one-way ANOVA (Brown and Forsythe 1974).

2.2.10. Games-Howell Post-Hoc Test

The Games-Howell (Games and Howell 1976) post hoc test is an extended adaptation of the
Tukey-Kramer test, and it is suitable for cases where equality of variances is violated (Lee and Lee
2018).

3. RESULTS AND DISCUSSION

The data covering a total period of 1473 days, before and after the pandemic (B/A), were
considered as a whole and it was observed whether there was a statistically significant difference
between listeners' musical preferences according to the periods. A t-test was applied in which
(Before/After Pandemic) the BA_CVD19 variable is the grouping factor. Although some of the
variables have normality problems, we can ignore them when we consider the number of cases
(Lumley, et al. 2002).

Levene's test was used to check for equality of variances. Group statistics are given in Table 3.
The number of cases before the pandemic is 1121, and the number of cases after the pandemic is 352.
The percentage change for the variables Streams, ST_Danceability, ST _Energy, ST Key,
ST _Loudness, ST_Mode, ST_Speechiness, ST_Acousticness, ST_Intrumentalness, ST_Liveness,
ST _Valence, and ST_Tempo during the pandemic are 8.35, 9.31, 6.01, 10.07, 11.88, 5.69, 19.03, -
26.45, 16.11, 14.1, and 9.97, respectively. The four variables with the greatest (absolute) change (in
descending order) are ST_Intrumentalness, ST_Acousticness, ST_Liveness, and ST_Valence. Given
the stress that occurred during the pandemic and the cancellation of concerts, it would be an intuitive
expectation that the variables ST _Valence (the musical positivity rate) and ST_Liveness would
change at such a rate.

Table 3. Group Statistics

Group N Mean| Std. Dev.| Std. Err. Mean

B 1121 4974223| 621447 18561

streams A 352| 53897.31] 702529 374.45
i B 1121 3093959  3730,02 111,41
ST_Danceability A 352| 33818,79| 4374,15 233,14
B 1121 27169.30|  2858.32 85,37

ST_Energy A 352]  28801.16] 396537 211.36
ST Key B 1121 266319,01| 39064,52 1166,76
- A 352] 293131,83| 36941,06 1968.97
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According to Levene's test (Table 4) for equality of variances, some variables are not assumed
to have equality of variances (Sig. < 0.05), which means that the variability in the two groups is not
equal. Equality of variance is also assumed for some variables (Sig. > 0.05), i.e., the variability in the
two groups is not significantly different. However, looking at the t-test for equality of means, we find
that the significance (Sig. 2-tailed) value is less than 0.05 for both cases. This situation leads to the
conclusion that there is a statistically significant difference between the two groups for all variables.

Table 4. Independent Samples Test
Levene's Test for

t-test for Equality of Means

Equality of
. Sig. Mean | Std. Error
F Sig. t f (2-tailed) | Difference | Difference
Equal variances | 529 | (g - 1147100| 000 | -415509 | 392,08
streams assumed : 10,60
Equal variances 9,94 | 53456 | 0,00 415509 | 417,93
not assumed
55‘1“?]'“‘9’3”3”065 1039| 000 |, {147,00| 0,00 287920 | 237,88
ST_Danceability E ual ATIaNces -
qual vari 521,08 | 0,00 287920 | 258,39
not assumed 11,14
Eq“i‘q"g”ames 64,87 | 000 |-846 |1471,00| 0,00 -1631,87 | 192,94
ST_Energy ESSLljJaI ‘\S/ariances
q 716 | 470,95 | 0,00 -1631,87 | 227,95
not assumed
Equal variances | ¢ 59 | ~11471,00| 000 | -26812,82 | 235646
ST Key assumed _ 11,38
Equal variances 161694 | 000 |-26812,82 | 228870
not assumed 11,72
Eq“a"’g”ances 310 | 008 |1316[1471,00| 000 | 4220318 | 320638
ST_Loudness ESSLL:QF ?/ariances
q 1348 | 611,01 | 000 | 42203,18 | 3131,96
not assumed
Equal variances | 4 55 | (39 " 1147100 0,00 -3405,55 | 311,89
ST Mode ?ESSUHI]Ed _ 10,92
- qual variances - .
i 1075 | 57360 | 0,00 340555 | 316,80
Equal Vj”a"ces 13,47 | 0,00 |-5,66 |1471,00| 0,00 201,78 35,66
ST_Speechiness iIiESSLLITI] (\e/ariances
q 52352379 | 0,00 201,78 38,59
not assumed
ST Acousticness | Edual variances | 5, 251 g g " 147100 000 | -313356 | 17384
assumed 18,03
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Equal variances - i

ot assumed 19.99 | 70801 | 0,00 313356 | 156,77

Eq“a"’g”a”ces 051 | 048 | 687 [1471,00] 0,00 52,12 7,59
ST_Intrumentalness Essun?e -

qua’ variances 7,23 | 640,74 | 0,00 52,12 7.21

not assumed

Eq“a"’:”ances 165 | 020 | .. |147L00| 000 | -114206 | 64,66
ST_Liveness Eﬁﬂ:; (\E/ariances .

not assumed 1703 | 56560 | 000 | -114206 | 66,29

Es‘lui'qg’g”ances 4959 | 000 |, |1471,00| 000 | -300313 | 164,93
ST_Valence eqljal variances .

ot assumed 15.70| 48085 | 000 | -300313 | 19125

Equal variances - -

rssumed 424 | 004 |, 147100 000 | o oo 0| 4643608
ST_Tempo Equal variances - -

not assumed 1168 | 2>>21 | 000 | 57766150 | 4949408

Correlation rates between Covid-19 and music variables were calculated, considering only data
from the pandemic period (last 352 days). Statistically significant correlation values are marked with
an asterisk (*). From the results, there is a significant overall correlation between the pandemic and
music variables. The strengency_index variable, which expresses the severity rates of the measures
implemented by governments in the name of protection against the pandemic, which directly affects
daily life and therefore the psychology of everyone who is affected or not affected with the disease
during the pandemic, has a very strong correlation with all musical variables. Correlation values are
given in Table 5.

Table 5. Pearson Correlation

% %) u;l 2 @ ml = S ] |
& 8 £73 2 = | 832 | £, < g
S 8 ] g o §£= = o' 5
= 2 S 3 ! i S8&| BF 2 o8
g e | 85| £ : | 35g| & z |z
= c = c c 2 L o 2
streams **0,279 -0,006 0,055 **0,26 0,002 0,055 | **-0,596 | **-0,276 | **-0,733 | Pearson Corr.
0 0,913 0,302 0 0,964 0,302 0 0 0 | Sig. (2-tailed)
ST Danceability **(),241 -0,044 0,020 | **0,225 -0,023 0,020 | **-0,601 | **-0,302 | **-0,736 P_earson (.:OI’I’.
- 0 0,414 0,705 0 0,671 0,705 0 0 0 | Sig. (2-tailed)
ST Energy **0,343 0,039 *0,114 | **0,327 0,039 *0,114 | **-0,549 | **-0,222 | **-0,699 | Pearson Corr.
- 0 0,470 0,033 0 0,464 0,033 0 0 0 | Sig. (2-tailed)
ST Key 0,048 -0,099 -0,077 0,026 -0,083 -0,077 | **-0,631 | **-0,360 | **-0,762 | Pearson Corr.
- 0,372 0,064 0,150 0,624 0,120 0,150 0 0 0 | Sig. (2-tailed)
ST Loudness **.0,20 0,035 0,001 | **-0,177 0,034 0| **0,619| **0,312| **0,740 | Pearson Corr.
- 0 0,507 0,992 0,001 0,522 0,993 0 0 0 | Sig. (2-tailed)
ST Mode **(),238 0,080 0,087 | **0,215 0,027 0,087 | **-0,572 | **-0,184 | **-0,705 | Pearson Corr.
- 0 0,133 0,102 0 0,612 0,102 0 0,001 0 | Sig. (2-tailed)
ST_Speechiness **(0,201 | **-0,221 -0,093 | **0,188 -0,096 -0,093 | **-0,619 | **-0,493 | **-0,735 P_earson (.:OI’I’.
- 0 0 0,082 0 0,071 0,082 0 0 0 | Sig. (2-tailed)
ST Acousticness **(,236 *0,113 0,076 | **0,209 0,019 0,076 | **-0,571 | **-0,159 | **-0,698 | Pearson Corr.
- 0 0,034 0,157 0 0,729 0,156 0 0,003 0 | Sig. (2-tailed)
ST Intrumentalness **.0,41 *-0,107 | **-0,276 | **-0,421 | **-0,199 | **-0,276 | **-0,334 | **-0,172 | **-0,402 | Pearson Corr.
- 0 0,044 0 0 0 0 0 0,001 0 | Sig. 2-tailed)
ST Liveness **0,457 *0,121 | **0,212 | **0,445 *0,106 | **0,212 | **-0,451 *-0,113 | **-0,612 | Pearson Corr.
- 0 0,023 0 0 0,046 0 0 0,035 0 | Sig. (2-tailed)
ST Valence **(,381 0,046 0,098 | **0,372 0,028 0,098 | **-0,518 | **-0,212 | **-0,677 | Pearson Corr.
- 0 0,394 0,066 0 0,596 0,066 0 0 0 | Sig. (2-tailed)
ST Tempo **0,313 0,037 0,098 | **0,293 0,034 0,098 | **-0,574 | **-0,239 | **-0,718 | Pearson Corr.
- 0 0,495 0,067 0 0,526 0,067 0 0 0 | Sig. (2-tailed)

**_Correlation is significant at the 0.01 level (2-tailed). *. Correlation is significant at the 0.05 level (2-tailed).

During the pandemic, the severity of the disease and the stringency rate of the measures taken
in proportion, increase and decrease spontaneously. The pandemic period data (352 days) were
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grouped using a k-means clustering model applied with five pandemic variables. In this way, it was
possible to observe the musical variables concerning the changes in the severity of the pandemic.
According to the results, the whole pandemic period was divided into 3 clusters. Then, the degree of
difference between the music trends in the clusters was calculated using the multiple comparison
method. Descriptive statistics for the clusters are given in Table 6.

Table 6. Descriptive Statistics for Clusters (Covid-19 statistics)

Cluster new_cases new_deaths reproduction_rate positive_rate stringency_index
Mean 1679,853 39,608 ,9675 ,05575 66,1881

N 102 102 102 102 102

1 Std. Deviation 493,7987 32,6797 ,06435 ,010440 4,92366
Minimum 764,0 3,0 ,88 ,039 55,09
Maximum 3475,0 145,0 1,17 ,079 71,76
Variance 243837,176 1067,964 ,004 ,000 24,242

Mean 3526,691 56,971 1,0297 ,10263 71,8469

N 68 68 68 68 68

p Std. Deviation 1060,2803 42,5515 ,15215 ,023400 4,52522
Minimum 1362,0 6,0 87 ,066 67,13
Maximum 6725,0 259,0 1,43 ,149 79,63
Variance 1124194,366 1810,626 ,023 ,001 20,478

Mean 469,703 10,802 ,9698 ,03588 73,6879

N 182 182 182 182 182

3 Std. Deviation 612,8900 17,1059 ,61695 ,033082 29,31355
Minimum ,0 ,0 ,00 ,000 11,11
Maximum 2486,0 162,0 2,22 121 100,00
Variance 375634,121 292,613 ,381 ,001 859,284

Mean 1410,926 28,068 ,9807 ,05453 71,1590

N 352 352 352 352 352

| Std. Deviation 1351,3193 34,0430 ,44996 ,036460 21,55411
Total - M inimum 0 0 00 000 11,11
Maximum 6725,0 259,0 2,22 ,149 100,00
Variance 1826063,915 1158,924 ,202 ,001 464,580

Governments have taken several measures to combat the Covid 19 pandemic around the world.
In cities that have entered a state of emergency, many measures have been taken, such as curfews,
bans on crowded events such as cinemas, concerts, etc., and the obligation to wear masks. The
majority of people have never been socially controlled by such restrictions at any time in their lives.
Because of the deaths in our environment caused by the pandemic and the anxiety caused by the
constant threat of death to the people themselves, they have experienced great psychological
depression in the process. On the other hand, it is an indisputable fact that the measures taken by
governments to slow down the death rate and the spread of disease are highly effective. However, the
transmission and mortality rates have not remained constant throughout the pandemic, but there were
interim periods when the rates decreased or increased. Parallel to the change in rates, the strictness of
the measures implemented has also changed. Therefore, the pressure of the measures on the people
also varies to the same extent. From this point of view, it is a natural result that the effects of the
pandemic on people's psychology vary according to the sub-periods. To divide the pandemic period
into sub-periods and thus observe the differences between the periods, a k-means clustering model
was constructed with the variables "new_cases", "new_deaths", "reproduction_rate", "positive_rate"
and "stringency_index" containing important information about the entire period.
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Figure 1. K-means clustering

The clustering model divides the data into three periods. Each period is represented as a cluster.
The distribution of the data according to the 3 clusters is shown in Figure 1 for each variable. The
sequence of cases being in the same cluster according to the days in a row is a strong indicator that
the clustering model is successful in detecting the similarities between the cases according to the
variables present. The clusters are arranged so that the most recent period is cluster 1 and the oldest
period is cluster 3. When the distribution of dates within clusters is examined, cluster 3 represents the
period of pandemic onset and progression, cluster 2 represents the period when the effects of the
pandemic generally peak, and cluster 1 represents the period when the pandemic slows and begins to
normalize. In cases where the number of groups (categories) is more than two, ANOVA is applied to
compare the means between groups. Therefore, the ANOVA test was applied. According to the result
of Levene's test, for all variables, the hypothesis that the variances of the two populations are equal
is rejected. In other words, the problem of "homogeneity of variances™ has been identified (Table 7).

Table 7. Test of Homogeneity of Variances

. Levene .
Dep. Variables Statistic dfl df2 Sig.
streams 22,174 2 349 ,000
ST Danceability 21,831 2 349 ,000
ST Energy 17,403 2 349 ,000
ST Key 27,182 2 349 ,000
ST Loudness 27,832 2 349 ,000
ST Mode 22,934 2 349 ,000
ST Speechiness 22,461 2 349 ,000
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ST Acousticness 23,621 2 349 ,000
ST Intrumentalness 45,457 2 349 ,000
ST Liveness 8,178 2 349 ,000
ST Valence 18,317 2 349 ,000
ST Tempo 20,089 2 349 ,000

In this case, robust tests for equality of means (Table 8) such as Welch and Brown-Forsythe are
applied. The test results are statistically significant (at Sig. 0.05). Based on the results, it is explicit
that the 'Multiple Comparison’ method can be applied.

Table 8. Robust Tests of Equality of Means

Robust Tests of Equality of Means Statistic dfl df2 Sig.
streams \é\/r?\fvz-Forsythe ;gggg g éggjgg 888
ST_Deanceabiity |iounForsyih | 20,650 2| 326.132| 000
ST_Energy BrowForsyiie | 52795 S 31284l 000
ST Key Welch 4,866 2| 202,098 ,009

Brown-Forsythe 3,419 2| 341763| 034
ST_Loudness [ grounForsyihe | 14.704] 2| 353107000
R e v
ST_Speechiness \Elsvr?)IvaZ-Forsythe ggggg 3 égggig 888
ST_Acousticness \é\/r?\fvz-Forsythe iéggg 3 gégi% 888
ST_Intrumentalness \Elsvr?)IvaZ-Forsythe ggggg 3 ;gi?ig 888
STLNeN®SS | rounForsyihe | 50,044 2| 262666 000
ST_Valence \évril\fvz-Forsythe Zgggg g éij%? 888
ST_Tempo Brown Forsyihe | 26.396] 2| 523461000

Looking at the pandemic data suggests that the periods in clusters 2 and 3 are the periods when
the pandemic is most intense. In this regard, the fact that value movements in musical variables move
synchronously with this periodicity will be a factor supporting the hypothesis that people's musical
preferences vary according to pandemic conditions. Examining the results of Multiple Comparison
(Table 9), it was found that there is a statistically significant difference between the mean values of
the distributions of the variables ST_Speechness, ST_Acousticness, and ST_Intrumentalness
according to the three periods. Except for these three variables, there is no statistically significant
difference between the means of the Cluster 2 and 3 distributions. On the other hand, it was
determined that there were statistically significant differences between the Cluster 1 distribution
means and the Cluster 2 and 3 distribution means, for all variables. Only for the variable, ST_Key
was the difference between the means of the data distribution of the cluster 3 and cluster 1 periods
not statistically significant. From this point of view, it can be concluded that the distribution of
musical variables, in general, varies significantly according to the pandemic conditions.

Table 9. Multiple comparison

Mean
Dependent Variable (1) Cluster | (J) Cluster Difference | Std. Error Sig.
(1-9)
2 4992,37 812,48 ** 000
streams 1
3 4915,24 810,35 **,000
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2 3 -77,13 805,56 0,995

1 2 3174,73 514,22 ** 000

ST_Danceability 3 2642,3 504,4 ** 000
2 3 -532,43 515,13 0,557

1 2 3046,58 481,7 ** 000

ST_Energy 3 3272,78 449,34 ** 000
2 3 226,2 466,71 0,879

1 2 12994,11 4165,75 ** 006

ST_Key 3 5632,94 4350,54 0,399
2 3 -7361,17 4396,73 0,218

2 -28708,99 57975 ** 000

ST_Loudness ! 3 -27067,66 6076,92 ** 000
2 3 1641,34 5666,48 0,955

1 2 2054,53 612,55 ** 003

ST_Mode 3 3089,6 633,59 ** 000
2 3 1035,08 579,91 0,177

1 2 694,54 72,21 ** 000

ST_Speechiness 3 374,25 71,32 ** 000
2 3 -320,29 75,54 ** 000

1 2 674,11 2755 ** 041

ST_Acousticness 3 1447,86 303,78 ** 000
2 3 773,75 246,87 ** 005

1 2 -75,53 12,42 ** 000

ST_Intrumentalness 3 -115,39 10,55 ** 000
2 3 -39,87 14,91 ** 022

1 2 898,11 141,12 ** 000

ST_Liveness 3 1153,33 126,62 ** 000
2 3 255,22 122,45 0,097

1 2 2891,76 390,69 ** 000

ST_Valence 3 2962,46 382,4 ** 000
2 3 70,7 360,39 0,979

1 2 572799,97 98303,5 ** 000

ST_Tempo 3 640326,8 95352,19 ** 000
2 3 67526,83 96131,18 0,762

** Significant at the 0.05 level

After determining that the relationship between the musical and pandemic variables was
qualified and significant, machine learning algorithms were used to determine the pattern of
relationships. If a randomly selected day can be determined whether to be from the pandemic period
thanks to a model created with the musical data, this model would show the most qualified
relationship pattern available between the two datasets. For the detection of the expressed pattern,
widely used machine learning algorithms were preferred. These algorithms are CART, BT, RF, SVM,
and ANN. Since the pre-pandemic period covers a period approximately three times longer than the
post-pandemic period, a model that ignores this unbalanced distribution will have problems with
overfitting. Therefore, modeling was performed using an equal number of data from the pre-pandemic
and post-pandemic periods. We used 352-days pre-pandemic data to balance the 352-days post-
pandemic data. In addition, 5-fold cross-validation was used to assess the predictive performance of
the models. To do this, the dataset was divided into five subsets that are stratified, mutually disjoint,
and have balanced distributions. Each model was reproduced for each of the five subsets.

Table 10. C&RT Tree Structure (* terminal node)

Node | Num. of | Sizeof |Nin Nin Selected | Split Criterion Criterion Child | Child
ID Nodes Node Class | Class | Category | Variable (Child 1) (Child 2) Node | Node
©) @ () @
1 2 562 281 281 0 ST_Intrumentalness | x <= 124,87 x > 124,87 2 3
*2 169 4 165 1
:'3' 3 2 393 277 116 0 ST_Speechiness X <= 3630,86 X > 3630,86 4 5
S | *a 65 2 63 1
5 2 328 275 53 0 ST_Valence X <=26901,34 X >26901,34 6 7
6 2 268 257 11 0 ST_Speechiness X <= 3802,85 X > 3802,85 8 9
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8 2 15 11 4 0 ST_Danceability X <= 31681,23 X > 31681,23 10 11
*10 10 10 0 0
*11 5 1 4 1
9 2 253 246 7 0 ST_Energy X <=27439,69 X > 27439,69 12 13
12 11 8 & 0
13 2 242 238 4 0 ST_Valence X <=26334,43 X > 26334,43 14 15
14 2 227 226 1 0 ST_Valence X <= 24689,77 X > 24689,77 16 17
*16 165 165 0 0
*17 62 61 1 0
*15 15 12 3 0
7 2 60 18 42 1 ST_Intrumentalness | x <=535,15 X >535,15 18 19
*18 43 1 42 1
*19 17 17 0 0
1 2 562 281 281 0 ST_Intrumentalness | x <= 123,30 X > 123,30 2 3
2 2 164 3 161 1 ST_Key X <=338282,99 | x >338282,99 4 5
*4 157 1 156 1
5 7 2 5 1
3 2 398 278 120 0 ST_Speechiness x <=3610,82 X > 3610,82 6 7
*6 67 1 66 1
7 2 331 277 54 0 ST_Valence X <=26901,34 X >26901,34 8 9
8 2 272 259 13 0 ST_Speechiness x <= 3802,85 x > 3802,85 10 11
10 2 18 13 5 0 ST_Loudness X <=-373351 X >-373351 12 13
o |12 5 0 5 1
% *13 13 13 0 0
L1 2 254 246 8 0 ST_Energy X <=27418,08 X > 27418,08 14 15
*14 13 9 4 0
15 2 241 237 4 0 ST_Valence X <= 26334,43 X > 26334,43 16 17
16 2 226 225 1 0 ST_Energy X <=29267,23 X > 29267,23 18 19
*18 59 58 1 0 X <=29267,23
*19 167 167 0 0 X <= 29267,23
*17 15 12 & 0 X <=29267,23
9 2 59 18 41 1 ST_Intrumentalness | x <= 534,42 X >534,42 20 21
*20 42 1 41 1
*21 17 17 0 0
1 2 564 282 282 0 ST_Intrumentalness | x <= 125,84 X > 125,84 2 3
*2 170 5 165 1
3 2 394 277 117 0 ST_Speechiness X <= 3630,86 x > 3630,86 4 5
*4 65 2 63 1
5 2 329 275 54 0 ST_Valence X <=26901,34 X > 26901,34 6 7
6 2 268 256 12 0 ST_Energy X <=27312,19 X >27312,19 8 9
8 2 20 15 5 0 ST_Key x <=285709,02 | x >285709,02 10 11
*10 15 15 0 0
o | *11 5 0 5 1
!é 9 2 248 241 7 0 ST_Speechiness x <=3810,84 X > 3810,84 12 13
to*12 9 5 4 0
13 2 239 236 3 0 ST_Valence X <=26334,43 X > 26334,43 14 15
14 2 228 227 1 0 ST_Energy X <= 29267,87 X > 29267,87 16 17
*16 61 60 1 0
*17 167 167 0 0
*15 11 9 2 0
7 2 61 19 42 1 ST_Intrumentalness | x <= 325,48 X > 325,48 18 19
*18 40 0 40 1
*19 21 19 2 0
1 2 564 282 282 0 ST_Intrumentalness | x <= 123,30 X >123,30 2 3
2 2 158 1 157 1 ST_Speechiness X <=4700,70 X >4700,70 4 5
*4 152 0 152 1
5 6 1 5) 1
:-; 3 2 406 281 125 0 ST_Speechiness X <=3611,23 x >3611,23 6 7
2 |*6 71 1 70 1
7 2 335 280 55 0 ST_Valence X <=26906,01 X > 26906,01 8 9
8 2 272 261 11 0 ST_Speechiness X <= 3802,85 x > 3802,85 10 11
10 2 21 16 5 0 ST_Danceability x <= 31681,23 x > 31681,23 12 13
*12 15 15 0 0
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*13 6 1 5 1
11 2 251 245 6 0 ST_Energy X <= 27439,69 X > 27439,69 14 15
*14 13 9 4 0
15 2 238 236 2 0 ST_Valence X <= 26474,14 X > 26474,14 16 17
16 2 228 227 1 0 ST_Energy X <= 29267,23 X >29267,23 18 19
*18 59 58 1 0
*19 169 169 0 0
*17 10 9 1 0
9 2 63 19 44 1 ST_Intrumentalness | x <= 325,48 X > 325,48 20 21
*20 42 0 42 1
*21 21 19 2 0
1 2 564 282 282 0 ST_Intrumentalness | x <= 134,76 X > 134,76 2 3
2 2 191 12 179 1 ST_Acousticness x <=15449,12 X > 15449,12 4 5
*4 9 7 2 0
5 2 182 5 177 1 ST_Acousticness X <=16138,24 X >16138,24 6 7
*6 17 4 13 1
7 2 165 1 164 1 ST_Key X <=338282,99 | x >338282,99 8 9
*8 156 0 156 1
*9 9 1 8 1
3 2 373 270 103 0 ST_Speechiness X <= 3699,77 X >3699,77 10 11
w | *10 56 3 53 1
!é 11 2 317 267 50 0 ST_Valence X <= 26901,34 X >26901,34 12 13
L l12 2 257 249 8 0 ST_Energy X <=27312,19 X >27312,19 14 15
14 2 18 13 5 0 ST_Acousticness X <=18336,67 X > 18336,67 16 17
*16 13 13 0 0
*17 5 0 5 1
15 2 239 236 3 0 ST_Valence X <= 26334,43 X > 26334,43 18 19
*18 225 225 0 0
*19 14 11 B 0
13 2 60 18 42 1 ST_Intrumentalness | x <= 534,42 X > 534,42 20 21
*20 44 2 42 1
*21 16 16 0 0

C& RT model structures are given separately for each fold in Table 10. The models created in
Fold-1 and 3 have 10 terminal nodes each, while the others have 11 terminal nodes. The training sets
created based on random and balanced selection consist of 562 cases in Fold-1 and 2, while the others
consist of 564 cases. ST_instrumentalness was the first split variable for all models. The total number
of terminal nodes for the five models is 52. In determining the terminal nodes, the lowest 55.5% and
the highest 100% confidence values were reported. The mean confidence value was 92.5%, and the
standard deviation was 10.7%. These results demonstrate the high performance of the C& RT models.
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Figure 2. Summary of Boosted Trees Models

Overfitting is one of the main problems for most machine learning algorithms used in predictive
data analytics applications. A general solution to avoid this problem is to balance the distribution of
the data according to the categories of the dependent variable when constructing (training) the
corresponding model, and to compare the available observed values with the model-based predicted
values in an unused test subset. In this way, it is possible to measure the accuracy performance of the
respective model and control potential overfitting. In model building, each successive simple tree is
built on a randomly selected subset of the dataset. In other words, each consecutive tree is built
independently on a randomly assembled subset. In this way, together with the 5-fold cross-validation,
it will be a strong shield against the overfitting problem. This approach, i.e., performing sequential
boosting calculations on subsamples taken independently, is called stochastic gradient boosting. In
Figure 2, one can see the point where the potential overfitting problem of the model starts. It can be
observed that the estimation error for the training data gradually approaches zero as more trees are
added to the model. It can be observed that the estimation error for the training data gradually
approaches zero as more trees are added to the model. This point, expressed as the optimal point,
clearly shows the point where the overfitting problem begins. At this point, the process of adding a
new tree to the model should be stopped. The number of trees added up to this point is called the
optimal number of trees. The optimal point is indicated for each model by the green vertical line. The
optimal number of trees of the models is 160, 176, 37, 72, and 37, respectively. The maximum tree
size is 13 for all five models. The value of Average Multinomial Deviation shows how far a prediction
value is from the observation value.
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Figure 3. Summary of Random Forest Models

For both CT and RF, misclassification rates (out-of-bag error (OOB)) were used to measure
predictive success in models based on data generated with a random Bootsrap sample. Since the data
was artificially generated based on the bootstrapping algorithm, it would be more appropriate to pay
attention to model performance, even though both models have a tree structure similar to C& RT.
Although tiny random changes that may occur during the data generation process result in changes in
the bootstrap models, there is no large change in the final performance. Random Forest is an algorithm
that generates black-box models like Boosted Tress. A similar overfitting problem exists in Random
Forest models. In this model, instead of specifying an optimal number of trees, an optimal
misclassification range is determined and when the misclassification values reach this range, the
model stops performing new iterations. It was observed that the models (in the test sets) are fixed in
the range of 0.03 - 0.06 misclassifications (Figure 3).

Table 11. SVM Model specifications

!\rl1lcjig]p;endents of ?:\I/a';/;ification Kernel type |Num. of SVs Num.of SVs (0)  |Num.ofSVs(1)
Fold-1 |12 type 1 RBF 75 (42 bounded) 37 38
Fold-2 (12 type 1 RBF 63 (33 bounded) 33 30
Fold-3 [12 type 1 RBF 76 (41 bounded) 37 39
Fold-4 [12 type 1 RBF 68 (30 bounded) 34 34
Fold-5 (12 type 1 RBF 58 (20 bounded) 26 32

The next step was to create SVM models. All available musical variables (12 independent
variables) were used in the models. In addition, the type-1 SVM classification and the RBF kernel
function (depending on the error function) were used in all models, as this increases the resistance of
the model to the overfitting problem. The number of SVs used in the models is given in Table 11.

Table 12. Summary of Active Artificial Neural Networks

NetName T it | Error Function | en | Activation
Fold-1 MLP 12-5-2 96,43 BFGS 35 SOS Tanh Identity
Fold-2 MLP 12-10-2 99,11 BFGS 66 SOS Exponential Exponential
Fold-3 MLP 12-4-2 98,21 BFGS 40 SOS Exponential Exponential
Fold-4 MLP 12-7-2 100,00 BFGS 35 SOS Exponential Identity
Fold-5 MLP 12-10-2 100,00 BFGS 75 Entropy Exponential Softmax
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The algorithm ANN performs a random %80:%20 split of the dataset, trains on the 80% portion,
and tests the models on the 20% portion. Here, ANN has trained five neural networks (Table 12),
each with 12 predictors and 2 outputs (prediction), and several nodes in the middle layer varying from
4 to 10 (Net. Name). The term MLP stands for multilayer perceptron, another name for a neural
network. As the complexity in the association between the independent variables and the dependent
variables increases, the number of processing components in the middle layer should also increase.
If the output pattern is distinctly nonlinear, then several middle layers should be implemented to
capture the nonlinear relationships. If the output is not highly nonlinear, then the excessive layers will
result in overtraining (Nisbet, Elder and Miner 2009). The five networks also differed in the activation
functions used to pass data through a node. Data is collected and transmitted to the subsequent node
by the activation function. Various activation functions produce slightly distinct solutions of the
model for a given case. The models that perform best in the algorithm report are models 4 and 5.

Table 13. 5-Fold Cross Validation

C&RT | RF | BT | SVM | ANN
Predicted

0 1 0 1 0 1 0 1 0 1

Fold-1 0 69 2 68 3 71 0 70 1 71 0
1 2 69 2 69 3 68 2 69 6 65

Fold-2 0 68 3 65 6 69 2 68 3 70 1
5 |1 1 70 1 70 2 69 0 71 0 71

Fold-3 c [0 68 2 69 1 68 2 70 0 70 0
2 |1 3 67 3 67 4 66 2 68 5 65

Fold.4 O |o 67 3 66 4 67 3 69 1 70 0
1 4 66 5 65 2 68 2 68 2 68

Fold-5 0 67 3 69 1 67 3 69 1 70 0
1 4 66 4 66 3 67 2 68 2 68

Table 13 provides the most detailed information about the performance of the five models in
each fold. The number of correct and incorrect predictions made by the models with respect to the
dependent variable categories (0/1) are given categorically in the table. There is an average of 70 (or
71) cases per category. The number of incorrect predictions for each category ranges from 0 to 6.

Table 14. Model Evaluation Summary (Accuracy Rates) (Testing Set)

C&RT RF BT SVM ANN
Fold-1 97,18 96,48 97,89 97,89 95,77
fold-2 95,07 97,18 97,18 97,89 99,30
Fold-3 96,43 97,14 95,71 98,57 96,43
Fold-4 95,00 93,57 96,43 97,86 98,57
Fold-5 95,00 96,43 95,71 97,86 98,57
Mean 95,73 96,16 96,58 98,01 97,72

Table 14 shows the prediction accuracy rates provided by the five models in each fold. The
average values of the accuracy rates of the models vary from 95.73% (C% RT) to 98.01% (SVM). In
terms of accuracy obtained specifically for one model, the lowest value is 93.57% (RF) and the
highest is 99.30% (ANN).

4. CONCLUSION

COVID -19, which was first detected in China in late 2019, was recognized as a global
pandemic by the World Health Organization (WHO) on March 11, 2020 (Kasapoglu 2020). The
impact of the pandemic is unprecedented, as it has evolved from a health crisis to a global economic
and social disaster (Simon, et al. 2021). In addition, the pandemic has caused public anxiety and
psychological problems (Wang, et al. 2020). The pandemic has led to the implementation of policies
such as social distancing and containment worldwide to slow the spread of the disease (Tull, et al.
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2020). The restrictions have affected the physical and psychological well-being of people around the
world (Javed, et al. 2020). COVID-19-associated ailments and associated quarantines have had a
significant negative impact on mental health (Arslan, Yildirim and Zangeneh, Coronavirus Anxiety
and Psychological Adjustment in College Students: Exploring the Role of College Belongingness and
Social Media Addiction 2021). Some studies have examined factors of happiness during quarantine,
while other studies have focused on psychological well-being and related topics (Greyling, Rossouw
and Adhikari 2021).

Internet is a novel tool to improve the professional skills needed for today's modern industries,
as well as an alternative way to communicate and obtain information (McDool, et al. 2020). In
particular, the Internet, which is used extensively during the pandemic for professional, commercial,
educational, social, etc. purposes, has become more indispensable. Because of the social distancing
rules that were in place during the pandemic, it has become common to use the Internet as a means
of entertainment and relaxation in addition to these purposes, and thus the Internet has become a
natural part of daily life. All the old habits have gained a new form based on the Internet and the
computer. The effects of this change can also be seen in the form of consumption of art and cultural
content. Artistic and cultural activities, used as a kind of break in hectic and stressful periods of life,
have become more integrated with Internet access in the new period. From music albums to concert
halls, all the musical content we access physically has also gained an almost entirely online form.
Music is a simple and inexpensive therapy (Koelsch and Jancke, Music and the heart 2015). Music is
a natural and important part of both society and individual life (Hizlisoy, Yildirim and Tufekci 2021).

Data on music listening provide a special opportunity to study and understand aspects of human
psychology (Anderson, et al. 2021). This study examined the relationship between the pandemic and
Spotify music data in the Philippines from different perspectives and in detail. Following statistically
different data analysis approaches, it was found that people's music listening behavior differs
significantly under pandemic conditions. In addition, significant differences in people's consumption
patterns of musical content were observed depending on the decreasing or increasing severity of the
pandemic. The results confirm that people's musical preferences are significantly shaped depending
on their emotional state. Given the above results, the ultimate implication is that if policymakers want
to raise happiness levels and increase the likelihood of achieving happiness levels, they must consider
the factors that matter most to people's happiness. Music and musical activities can be used as an
effective tool to positively influence people's emotions.

This study investigated people's musical preferences under the pandemic's depressive
conditions. Data from Spotify's contact profiles and musical catalog were merged with epidemic
information. Instead of offering a specific hypothesis, the models in the descriptive study we
presented were constructed on the presumption that there is a linear or non-linear link between
people's emotional states and musical preferences. According to our research, during the pandemic
time, music listening patterns significantly changed. Also, our study had several limitations. First, the
sample consisted solely of Filipino users of Spotify. Therefore, it is not clear to what extent our
conclusions can be generalized to other geographical regions and cultures. Moreover, while recent
empirical evidence suggests that music is universal in form and function (Mehr, et al. 2019), because
our results are based on streaming services that require users to have Internet-enabled devices, we
cannot generalize our results to regions where there is limited Internet connectivity or online music
streaming services.
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Siber Giivenlik Uzmanin Cok Kriterli Karar Verme Yontemleri ile Secilmesi
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Bilgi giivenligi kisilerin, sirketlerin, kurumlarin ve iilkelerin maddi ve manevi zarar gormemesi igin
Makale Tirii:  ep etkin sekilde yonetilmesi gereken bir siirectir. Endiistri 4.0 ile farkli bir boyut kazanan bilginin
Arastirma Makalesi  djjital ortama aktariimas: ve dijital ortamda islenebiliyor olmasi siber giivenlik konusunu kritik bir
Gelis Tarihi: noktaya tasimaktadir. Ciinkii bilginin sahibi olan kisiden iilke dlcegine kadar giivenligin
22.09.2022 saglanmamast maddi kayiplarin yaninda geri doniisii olmayan itibar kayplarina da yol agmaktadir.
Bu sebeplerden dolayi siber giivenlik siireglerinin optimal bir sekilde yonetilmesi gerekmektedir. Bu
Kabul Tarihi: kapsamda bu ¢alismada siber giivenlik hizmeti veren bir giivenlik sirketine personel alim siireci
05.12.2022 incelenmistir. Siber giivenlikte uzmanlarin herhangi bir saldwi aninda miidahale etmesi kritiktir.

Bununla birlikte sektorde yetismis personel bulmak zordur. Sonug¢ olarak giivenlik sirketlerinin
personel alimlarinda siireci en iyi sekilde yonetmesi gerekmektedir. Bu ihtiyag sonucunda problemin
cok amacl ve ¢ok kriterli yapisi géz oniinde bulundurularak ¢ok kriterli karar verme yontemleri
kullanmistir. Birinci asamada Analitik Hiyerarsi Prosesi (AHP) yontemi ile siber giivenlik uzmani
secimi kriterleri degerlendirilmistir. Toplamda 15 kriter dikkate alinmistir. Problemin hiyerarsik
yapisi ¢oziim yontemi ile korunmustur. Ardindan swrala algoritmasi olan PROMETHEE yéntemi ile
10 aday degerlendirilmistir. Calisma ele alinan problem, degerlendirilen kriterler ve kullanilan
yontem entegrasyonu agisindan literatiire yeni bir bakis agist kazandirmaktadur.
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1. GIRIS

Hizla gelisen teknolojiyle birlikte yeni firsatlar sunan siber giivenlik ve altyapisinda 6nemli
gelismeler olsa da, siber uzay tamamen giivenli olmaktan uzaktir (Shiva, Roy, & Dasgupta, 2010).
Bu durum giivenlik hizmeti sunun firmalar siirekli olarak yeni gelismeleri takip etmeye ve
beraberinde personelini de bu gelismelere adapte etmeye itmektedir. Siber giivenlik hizmeti sunan
sirketler hizl1 bir sekilde degisen teknoloji diinyasinda iirlinlerini en iyi sekilde sunabilmek ve bu
iriinlerin kullanimini siirdiirtilebilir bir sekilde saglamak i¢in personel yonetimi siireglerine ayrica
onem vermek durumundadirlar. Ciinkii biitiin {iriinler personellerin bilgi ve becerisinin teknoloji ile
harmanlanmasiyla meydana gelmektedir. Bununla birlikte siber giivenlik alaninda yetismis personel
bulmak zordur. Bu sebepten dolayi sirketler i¢in, personel se¢ciminden baslayip personelin yetistirilme
stireci, performansinin degerlendirilmesi ve terfi siireglerine kadar biitiin adimlar1 en iyi seklide
yonetmek biiyilk énem arz etmektedir (Furnell, Fischer, & Finch, 2017). Insan kaynaklari
departmanlarinda yiiriitiilen personel yonetim siireglerinin ilk adimi personel se¢imidir. Personel
yonetimindeki diger adimlarin hepsi ilk adim olan personel se¢imine baglidir. Bu durum personel
secim siirecinin kritikligini ortaya koymaktadir. Ciinkii yanlis personel se¢ildiginde personelin egitim
stireglerinden kuruma olan bagliligina kadar olan bir¢ok adimda olumsuz siire¢ler yasanabilmektedir.
Bunun yani sira uygulama alan1 bilgi giivenligi gibi kritik bir birim olmas1 da problemin énemini
kritik noktalara tagimaktadir.

Isletmelerin temel proseslerinde biri olan personel yonetimi birgok karar siirecini igerisinde
barindirmaktadir. Personel ihtiyacinin belirlenmesindeki sonraki asama olan personel se¢imi siireci
personel yonetimi prosesinin en kritik karar siirecleri arasinda yer almaktadir. Ciinkii yapilan se¢im
sonucunda personele bir yatirim yapilmaktadir. Yanlis personel se¢cimi sonucunda yapilan yatirim
maliyetinin yaninda zaman kaybi hatta itibar zedelenmesine kadar olumsuzluklar yasanabilmektedir.
Bu sebepten dolay1 personel segimi siireci dnemlidir (Danisan, Ozcan, & Eren, 2022). Problemin
oneminden yola ¢ikarak bu ¢aligmada bir siber giivenlik sirketi i¢in personel se¢imi problemi ele
alinmustir.

Literatiirde personel se¢imi konusunda yapilmis ¢alismalar mevcuttur. Bu caligmalar da gida
(Chuang, Hu, Liou, & Tzeng, 2020), tekstil (Danisan vd., 2022), lojistik (Nong & Ha, 2021) ,
giivenlik (Kose, Kabak, & Aplak, 2013), turizm (Urosevic, Karabasevic, Stanujkic, & Maksimovic,
2017), hizmet sistemleri (Uslu, Yilmaz, & Yigit, 2021) ve bu ¢aligmanin uygulama alani olan biligim
teknolojileri (Raj Mishra, Sisodia, Raj Pardasani, & Sharma, 2020) gibi birgok sektor ele
alinmaktadir. Farkli sektorlerde ele alinan personel se¢cim probleminin ¢dziim asamasinda ¢ok kriterli
karar verme yontemleri tercih edilmektedir. Maéda vd. (Maéda vd., 2021) bu ¢alismalar1 derleyerek
bir literatiir taramasi sunmuslardir. Bilisim teknolojilerini ele alan personel se¢imi caligmalar
incelendiginde AHP (Erdem, 2016), TOPSIS (Samanlioglu, Taskaya, Gulen, & Cokcan, 2018) ,
ARAS (Raj Mishra vd., 2020), EDAS (Karabasevic, Zavadskas, Stanujkic, Popovic, & Brzakovic,
2018) ve SWARA (Heidary Dahooie, Beheshti Jazan Abadi, Vanaki, & Firoozfar, 2018)
yontemlerinin kullanildig: tespit edilmistir. Bu ¢calismada ise AHP yontemi ile siber glivenlik uzmant
secimini etkileyen kriterlerin agirliklart hesaplanmistir. Ardindan PROMETHEE yontemi ile adaylar
onceliklendirilmistir. Literatiirde bilisim teknolojileri alaninda personel se¢imi problemi ele alinmis
olsa da siber giivenlik 6zelinde yapilan bir ¢calisma bulunmamaktadir. Bununla birlikte ¢alismada
kullanilan 15 degerlendirme kriteri literatiirde ilk defa birlikte kullanilmistir.

Calismanin ikinci boliimiinde AHP ve PROMETHEE yontemleri anlatilmistir. Ugiincii
boliimde Siber gilivenlik uzmani se¢imi problemine onerilen ¢éziim modelinin uygulama adimlari
ayrintili  bir gsekilde sunulmustur. Son olarak dordiincii boliimde c¢alismanin  sonuglar
degerlendirilmistir.

2. YONTEMLER

Siber gilivenlik uzmani se¢imini etkileyen birgok kriter yer almaktadir. Bununla birlikte
kriterlerin esit oneme sahip oldugunu varsayildiginda sonuglar etkileneceg§i icin bu c¢alismada
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oncelikle kriterlerin se¢im siirecine etkilerini hesaplamak i¢cin AHP yontemi kullanilmistir. AHP
yontemi ¢ok kriterli karar verme ydntemlerinden olup se¢cim problemlerinde kriter agirliklandir
asamasinda siklikla kullanildig1 tespit edilmistir. Bununla birlikte kriterlerin hiyerarsik yapisit goz
oniinde bulundurularak AHP yontemi kullanilmistir. Ardindan adaylarin degerlendirilmesi i¢cin hem
kullanim kolayligr sunmas1 hem de problem yapisinda yer alan nicel ve nitel degerlerin birlikte
kullanilmasi sartin1 saglayan PROMETHEE yontemi kullanilmastir.

2.1. AHP Yontemi

AHP yontemi ilk olarak 1980 yilinda, Thomas L. Saaty (Saaty, 1980) tarafindan, ¢ok kriterli
kompleks problemlerin ¢6ziimii igin gelistirilmis bir yontemdir. AHP, karar verme prosesinde nitel
ve nicel kriterleri karsilastirabilme 6zelligine sahip oldugu icin siklikla tercih edilmektedir. AHP nin
giiclii yonii, bu yontemin sayilabilen ve sayilamayan faktorleri sistematik bir yol ile diizenlemesi ve
tim faktorleri dikkate alarak karar verme prosesinde basit ve etkin bir ¢6ziim yolu sunmasidir
(Handfield, Walton, Sroufe, & Melnyk, 2002). Bu sebepten dolay1 literatiirde kriterlerin 6nem
agirliklarinin bulunmasinda ve ¢esitli segim problemlerinde kullanilmaktadir. Bu ¢alismada ise siber
giivenlik uzmani sec¢imini etkileyen kriterlerin agirliklandirilmast agamasinda AHP ydntemi
kullanilmistir. AHP yontemi sagliktan (Dering6z, Danigan, & Tamer, 2021; Nursena, Yapici,
Yumusak, & Eren, 2021) enerjiye (Ozcan, Danisan, Yumusak, & Eren, 2020; Ozcan, Yumusak, &
Eren, 2021), ulasimdan (Pagaci, Serpil, & Cubuk) bilisim teknolojilerine (Yapici, Oral, Yumusak, &
Eren, 2021) kadar birgok sektorde kullanilmaktadir. AHP yonteminin uygulama adimlari Tablo 1’de
verilmistir (Ozcan, Yumusak, & Eren, 2019).

Tablo 1: AHP yonteminin uygulama adimlar1 (Saaty, 1980)

Adim 1 Karar vericinin amacini, bu amaca etki eden kriterleri ve alternatiflerin de
eklenmesiyle bunlar arasindaki iliskilerin belirlenip hiyerarsik yapinin
olusturulmasini igerir.

Adim 2 Uzman kisiler tarafindan tiim kriter ve alternatiflerin ikili olarak 6nem
derecelerine gore karsilastirilmasi ile gergeklestirilir. Bu asamada, Saaty
tarafindan gelistirilen 1-9 6nem skalas1 kullanilir.

Adim 3 Olusturulan karsilastirma matrisi normalize edilir. Bu normalize islemi her
matristeki her degerin siitun toplamlarina bdliinmesi ile olusur. Boylece
normalize matris elde edilir.

Adim 4 Normalize islemi yapildiktan sonra hiyerarsideki karsilastirilan ogelere
iliskin oncelik veya agirlik vektorlerinin hesaplanmasi yapilir.

Adim 5 Karar vericinin skaladaki degerleri tutarli verip vermedigini 6lgmek i¢in
her bir ikili karsilastirma matrisindeki yargilarin tutarlilik oraninin
hesaplanmas1 gerekmektedir. Tutarlilia yakinlik gdostergesi olarak
nitelendirilen “Tutarlilik indeksi (CI)” hesaplanir.

Adim 6 AHP skorlarmin analizi asamasinda ise en yiiksek degere sahip alternatif,
en iyi alternatif olarak segilir.

Bu calismada AHP yontemi ile kriter agirliklar1 belirlenmis olup ardindan PROMETHEE
yontemi ile alternatifler degerlendirilmistir.
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2.2. PROMETHEE Yontemi

PROMETHEE, Brans ve Vincle (Thakkar, 2021) tarafindan 1985 yilinda gelistirilen bir
siralama yontemidir. PROMETHEE basit bir kavramdir ve kullanimi su anda uygulama i¢in mevcut
olan diger ¢ok kriterli karar verme tekniklerinden daha kolaydir (Tuzkaya, Giilsiin, Kahraman, &
Ozgen, 2010). Smirli sayida alternatifi olan problemlerde, PROMETHEE c¢oklu ve karmasik
kriterlere gore siralama yapmak i¢in avantajlidir (Dagdeviren, 2008). Ayrica nitel ve nicel degerlerin
birlikte degerlendirilmesine imkan sunun bir yontemdir. Bu sebeplerden dolayi literatiirde siklikla
kullanilmaktadir. Literatiirde enerji (Li, Xu, Wel, Bai, & Liu, 2022) , saglik (Eren, Danigan, Dering6z,
& Aksiit, 2022), ulasim (Sang, Yu, Chang, & Liu, 2022), tekstil (Danisan vd., 2022) ve bilisim
teknolojileri (Taskin, Gezik, Yumusak, & Eren, 2022; Yasar, Poyraz, Yumusak, & Tamer, 2022)
alaninda uygulamalar1 bulunmaktadir. Bununla birlikte tedarik¢i se¢imi (Tong, Wang, & Pu, 2022),
tesis yer secimi (Ayough, Boshruei, & Khorshidvand, 2022), teknoloji se¢imi (Taskin vd.,2022) ve
bu calismanin konusu olan personel se¢imi (Dumni¢, Mostarac, Ninovi¢, Jovanovi¢, & Buhmiler,
2022) problemlerinin ¢oziimii igin literatiirde tercih edilmektedir. PROMETHEE yonteminin
uygulama adimlar1 Tablo 2°de 6zetlenmistir.

Tablo 2: PROMETHEE yo6ntemi uygulama adimlari (Thakkar,2021)

Adim 1 Alternatifler, kriterler ve bunlara iliskin agirliklar i¢in problemin ¢oziimiinde
kullanilan veri matrisi olusturulmasi.

Adim 2 6 farklh tercih fonksiyonu arasindan kriterlerin yapisina gore en uygun
fonksiyon tipinin se¢ilmesi.

Adim 3 Ortak tercih fonksiyonlarinin belirlenmesi.

Adimm 4 Her alternatif ¢ifti icin tercih indeksleri belirlenmesi

Adim 5 Alternatifler i¢in negatif @— ve pozitif @+ istiinliikkler belirlenmesi
Adim 6 PROMETHEE I ile en 1yi alternatifin belirlenmesi ve se¢imi

Adim 7 PROMETHEE Il ile alternatifler i¢in tam onceliklerin belirlenmesi.

Bu c¢alismada PROMETHEE yontemi uygulama asamasinda siber giivenlik uzmanlarimin
siralanmast i¢in kullanilmistir. Uygulama ile ilgili detayli agiklamalar {icilincii boliimde yer
almaktadir.

3. UYGULAMA

Endiistri 4.0 kavramu ile birlikte hizla dijitallesen sirketlerin bilgi giivenligini saglamak biiyiik
onem arz etmektedir. Bilgi giivenliginin 6neminin her gecen giin artmast ve bu problemlere karsi
coziim siireglerine olan talebin artmasi, nitelikli isgiliciine olan ihtiyacin artmasi sonucunu
dogurmustur. Bu kapsamda bu calismada siber giivenlik alaninda hizmet veren bir sirkete personel
alimi siireci incelenmistir. Ele alinan sirkette siber giivenlik uzmani ihtiyaci ortaya ¢ikmis olup bu
caligma bu siirecinin optimize edilmesi amaglanmistir. Calisma yedi asamada gergeklestirilmis olup
ilk olarak problem tanimlanmasi, se¢imi etkileyen kriterlerin belirlenmesi ve degerlendirmeye
alinacak adaylarin belirlenmesi asamasi gergeklestirilmistir. Ardindan adaylar ile ilgili veriler
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toplanip uzman goriisleri alinip AHP yontemi ile siber giivenlik uzmani se¢imini etkileyen kriterler
onceliklendirilmistir. Kriter onceliklerinin belirlenmesinin ardindan PROMETHEE yontemi ile
adaylar degerlendirilmistir. Son olarak sonuglar degerlendirilmistir. Uygulamanin akig semast Sekil
1’de verilmistir.

Kriterlerin
belirlenmesi

Problemin tamimlanmasi

h

Y

Alternatilerin
belirlenmesi Tutarhlik Oram <=0,10

A4

Kriterlerin AHP yontemi ile Hiyerarsik - Iki!l ) Normalizasyon Agurhklarn
Sirirkland yapiuun (| |kargilastirmalarmn | islemi —» hesaplanmas
aguhiklandmimas olusturulmas: yapilmasi !
Veri . " ; . Tercih
Adaylarin PROMETHEE il Tercih fonksiyon Ortak tercih fonksiyon . il
ontemi ile degerlendirilmesi g inin ™ tipinin secilmesi ] tipinin secilmesI > ndeslerinin
BOICIIE L P (il olusturulmas: P ’ P ; belirlenmesi

A
A

Adaylar ile _1lg111 surglamanm ~ PROMETHEE PROMETHEE Al!-: ;ﬁfﬁilﬁn J
belirlenmesi « 11 coziimii I ¢oziimii ) )
: : belirlenmesi

Sekil 1: Uygulama akis semasi

Uygulamanin ilk adimi problemin tanimlanmasidir. Problemin tanimlanmasi1 Bolim 3.1°de
verilmistir.

3.1. Problemin Tanmimlanmasi

Bir siber giivenlik sirketi icin personel alimi siirecinin yonetilmesi gerekmektedir. Bu siirecte
ilk olarak personel se¢imini etkileyen kriterlerin belirlenmelidir. Siber glivenlik uzmani almak isteyen
sirketin taleplerini agik bir sekilde ortaya koymasi siirecin en etkin sekilde yonetilmesi agisindan
kritik 6neme sahiptir. Sirketin insan kaynaklar1 birimi ve ilgili departmanin yoneticisi ile kriterler
belirlenmis olup siber giivenlik uzmani se¢imi problemini etkileyen kriterler Sekil 2°de verilmistir.
Bununla birlikte ¢alismada 10 aday degerlendirilmistir.
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Siber giivenlik
uzmani secimi
. Programlama . o Karakteristik
Sertifikalar bilgisi Mezuniyet bilgisi ozellikler
CompTIA N T
Security-+ JAVA On lisans Disiplinli galisma
Certified Ethical . Yenilige acik
Hacker c# Lisans olma
CISSP Phyton Yiksek lisans Iletisime agik
olma
Ingilizce Takim calismasina
Sertifikasi yatkin olma

Stresle bag etme

Sekil 2: Problemin sematik gosterimi

Problemin tanimlanmasinin ardindan kriterlerin belirlenmesi agsamasina gecilmistir. Bu asama
Boliim 3.2°de verilmistir.

3.2. Kriterlerin Belirlenmesi

Siber giivenlik gibi spesifik bir alan i¢in uzman se¢imi yapilirken degerlendirme kriterlerinin
dogru belirlenmesi kritik 6neme sahiptir. Bu ¢aligma uygulamaya yonelik oldugu i¢in sektére hakim
ve siber giivenlik alaniyla ilgili yetkinlik diizeyini belirleyebilecek uzmanlarin goriigleri dikkate
alimmistir. Uzmanlardan birisi siber giivenlik alaninda hizmet veren sirketin kurucu ortagi olup hem
sektorde hem de akademik alanda calismalar1 bulunmaktadir. Ikinci uzman ise sirketin insan
kaynaklar1 biriminde ¢aligmaktadir. Son olarak {i¢lincii uzman da siber giivenlik alaninda egitimler
veren bir miihendistir. U¢ uzmanin goriisleri alinarak kriterler belirlenmistir. Kriterler, kodlar1 ve
aciklamalar1 Tablo 3’te verilmistir.

Tablo 3: Kriterler ve agiklamalari

Ana .
Kriterler Alt kriterler Aciklama
CompTIA Security+ (K1.1) Siber giivenlik gibi yeni bir alanda adaylarin
Sertifikalar CEH (K1.2) yet'klnllklerlnl |Spatlama§1 1(;1n]3321 gertlﬁkalara
(K1) ihtiya¢ duyulmaktadir. Siber giivenlik alaninda en ¢ok
CISSP (K1.3) tercih edilen tg sertifika ve Ingilizce bilgisi
ingilizee Sertifikast (K1.4) sertifikalar ana kriteri altinda degerlendirilmistir.
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JAVA (K2.1) Siber giivenlik alaninda yapilacak is paketlerinde
Programlama CH (K2.2) programlama bilgisi vazgeg¢ilmez bir unsurdur. Bu
Bilgisi (K2) ' sebepten dolay1 JAVA, C# ve Phyton programlama
Phyton (K2.3) dilleri degerlendirmeye alinmistir.
On lisans (K3.1) Insan kaynaklar1 departmanlari ise alim siireclerinde
M . adaylarin mezuniyet durumlarimi dikkate
ezuniyet : . )
L Lisans (K3.2) almaktadirlar. Siber giivenlik uzmanlar1 alan1 farkli 6n
Bilgisi (K3) . . e
lisans ve lisans programlari arasindan yetistirildigi
Yiiksek Lisans (K3.3) icin mezuniyet ana kriteri {i¢ baglikta incelenmistir.

Disiplinli ¢caligma (K4.1)
s Siber giivenlik uzmanlar1 mesleki anlamda donanima
Yenil k olma (K4.2
enilige agtk olma (K4.2) = Ol dugu kadar karakteristik zellikleri ile
siire¢lerin sonuclandirilmasinda is bitirici olmalari
gerekir. Bu agidan bakilarak bes kriter karakteristik
oOzellikler ana kriteri altinda degerlendirilmistir.

Karakteristik | . . .
Ogellikler | letisime agik olma (K4.3)

(K4) Takim ¢aligmasina yatkin
olma (K4.4)
Stresle bas etme (K4.5)

Kriterlerin belirlenmesinin ardindan alternatiflerin belirlenmesi asamasina gegilmistir. Bu
asama Boliim 3.3’te verilmistir.

3.3. Alternatiflerin Belirlenmesi

Uygulamanin yapildig1 giivenlik sirketi personel alim ilaninda bilgisayar mithendisligi, bilisim
giivenligi teknolojisi, yonetim bilisim sistemleri, bilisim sistemleri miihendisligi ve yazilim
miihendisligi bolimlerinden mezun olmasi sarti aramaktadir. Bununla birlikte uzman kadrosuna
ihtiya¢ duyuldugu i¢in en az 3 yil siber giivenlik alaninda ¢aligmis olma sarti da aranmaktadir.
Sektorde siber giivenlik alaninda yetismis personel bulma sorunu oldugu i¢in bu kriterleri saglayan
sadece 10 aday basvuru yapmistir. Bu 10 aday, siber gilivenlik uzmani se¢imi probleminde
alternatifler olarak belirlenmistir.

3.4. Verilerin Toplanmasi

[lana bagvuru yapan 10 aday igin verilerin toplanmas1 asamasi gerceklestirilmistir. Bu asamada
adaylarin 6zge¢mislerinden ve 6zge¢mislerinde yer alan referanslardan yararlanilmigtir. Sertifikalar,
programlama bilgisi ve mezuniyet bilgisi i¢in 6zge¢mis dosyalarina basvurulurken Karakteristik
ozellikler i¢in referans verilen kisilerden yardim alinmistir. Tiim bu veri toplama siireclerinin
sonucunda Tablo 4 ortaya ¢ikmustir.

Tablo 4: Veriler

Aday 1 Aday2 Aday3 Aday4 Aday5 Aday6 Aday7 Aday8 Aday9 Aday 10

K11 var yok yok yok var yok yok yok yok var
K12 yok yok yok yok yok yok var yok yok yok
K13 yok yok yok var yok yok yok yok yok yok
K14 var yok yok var var yok var yok var var
K21 iyi orta orta iyi orta orta kotii iyi kot iyi
K22 iyi kot iyi iyi  ¢okiyi lyi iyi iyi orta iyi
K23 cokiyi iyi orta c¢okiyi iyi iyi iyi kot iyi iyi
K31 yok yok var yok yok var yok var yok yok
K32 var var yok var var yok var yok var var
K33 var yok yok var yok yok yok yok yok yok
K41 9 6 5 8 7 4 7 5 8 7

K42 7 7 9 5 3 4 3 7 5 4

K43 3 7 6 3 9 6 7 4 7 6

K44 6 4 4 7 5 5 3 9 5 2
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K4s | 5 6 3 5 4 7 5 3 6 9

Tablo 4’te sunulan verilerin toplamas1 asamasi tamamlandiktan sonra kriterlerin AHP yontemi
ile agirliklandirilmasi asamasina gegilmistir. Bu asama Boliim 3.5’te verilmistir.

3.5. Kriterlerin AHP Yontemi ile Onceliklendirilmesi

AHP uygulamasinda ilk olarak hiyerarsik yap1 olusturulur. Bu calismada alternatifler AHP
yontemi ile degerlendirilmedigi i¢in hiyerarsik yap1 Sekil 2’deki gibidir. AHP yonteminin sadece
kriterlerin agirliklandirilmasi agamalar1 kullanilmigtir. Bu asamada veriler iic uzmandan alinmis olup
degerlerinin geometrik ortalamasi alinip ortalamasi tam say1 olmayan degerler i¢in yuvarlama islemi
yapilmistir. Ik olarak ana kriterler agirliklandirilmistir. Ana kriterlerin degerlendirildigi ikili
karsilastirma matrisi Tablo 5°te verilmistir.

Tablo 5: Ana kriterler i¢in ikili kargilagtirma matrisi

Ana Kriterler Sertifikalar Programlama bilgisi  Egitim bilgisi Kisilik 6zellikleri
Sertifikalar 1 3 5 8
Programlama bilgisi 0,333 1 4 6
Egitim bilgisi 0,200 0,250 1 2
Kisilik ozellikleri 0,125 0,167 0,500 1

Tablo 5’te verilen ikili karsilagtirma matrisi tizerinde AHP adimlar1 uygulandiginda Sekil 3°te
verilen sonuclara ulagilmistir. Tutarlilik orani ise 0.083 ¢ikmis olup sonucun tutarli oldugu
anlasilmaktadir.

Ana kriter agirliklar

Kisilik ozellikleri

Mezuniyet bilgisi 0,098

Sekil 3 : Ana kriter agirliklar

Ardindan sirayla her ana kritere ait alt kriterler kendi arasinda ikili karsilagtirmalara tabi
tutulur. Sertifikalar ana kriterine ait alt kriterlerin ikili karsilastirma matrisi Tablo 6’da verilmistir.

Tablo 6: Sertifikalar kriterleri i¢in ikili karsilastirma matrisi

CompTIA  Certified Ethical Hacker CISSP Ingilizce

Security+ (CEH) Sertifikasi
CompTIA Security+ 1 3 0,333 2
%Etli_:‘)ied Ethical Hacker 0,333 1 0,143 0.5
CISSP 3 7 1 6
ingilizce Sertifikasi 0,5 2 0,167 1
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Tablo 6°da verilen ikili karsilagtirma matrisi tizerinde AHP adimlar1 uygulandiginda Sekil
4’te verilen sonuglara ulasilmistir. Tutarlilik orani ise 0.021 ¢ikmis olup sonucun tutarli oldugu
anlasilmaktadir.

Sertifikalarin kriter agirliklart

Certified Ethical Hacker (CEH) 0,040
0,065
CompTIA Security+

Sekil 4: Sertifikalarin kriter agirliklar

Ingilizce Sertifikas

Diger bir ana kriter olan programlama bilgisi i¢in ikili karsilastirma matrisi olusturulmustur.
Olusturulan matris Tablo 7°te verilmistir.

Tablo 7: Programlama bilgisi kriterlerinin ikili karsilagtirma matrisi

JAVA C# Phyton
JAVA 1 0,5 0,250
C# 2 1 0,333
Phyton 4 3 1

Tablo 7’te verilen ikili karsilagtirma matrisi tizerinde AHP adimlari uygulandiginda Sekil 5’te
verilen sonuglara ulagilmistir. Tutarlilik orami ise 0.029 ¢ikmis olup sonucun tutarli oldugu
anlasilmaktadir.

Programlama bilgisi kriterlerinin agirliklar

JAVA 0,040

C# 0,070

Phyton 0,181

Sekil 5: Programlama bilgisinin kriterlerinin agirliklart

Ugiincii ana kriter olarak Mezuniyet bilgisi ele alinmistir. Mezuniyet bilgisi ana kriterine ait alt
kriterlerin ikili kargilastirma matrisi Tablo 8’de verilmistir.

Tablo 8: Mezuniyet bilgisi kriterinin ikili karsilastirma matrisi

On lisans Lisans Yiiksek Lisans

On lisans 1 0,25 0,143
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Lisans 4 1 0,333
Yiiksek Lisans 7 3 1

Tablo 8’de verilen ikili karsilastirma matrisine AHP adimlar1 uygulandiginda Sekil 6°da verilen
kriter agirliklart ortaya ¢ikmustir. Tutarlilik oranit 0.054 ¢ikmistir. Sonucun tutarlt oldugu tespit
edilmistir.

Mezuniyet bilgisi kriterlerin agirliklar

On lisans 0,011
Yiiksek Lisans 0,061

Sekil 6: Mezuniyet bilgisi kriterlerinin agirliklar:

Son olarak kisilik 6zellikleri ana kriterine ait alt kriterlerin ikili karsilastirma matrisi Tablo 9’da
verilmistir.

Tablo 9: Kisilik 6zellikleri kriterlerinin ikili karsilastirma matrisi

Disiplinli ~ Yenilige  Iletisime Takim Stresle
alisma acikolma ac¢k olma ¢alismasina bas etme
¢ yatkin olma
Disiplinli ¢calisma 1 0,167 0,50 4 0,2
Yenilige acik olma 6 1 3 5 2
Iletisime acik olma 2 0,333 1 3 0,5
Takim calismasina 0,25 0,2 0,333 1 0,143
yatkin olma
Stresle bas etme 5 0,5 2 7 1

Tablo 9’de verilen ikili karsilagtirma matrisine AHP yonteminin adimlari uygulandiginda Sekil
7°de verilen sonuglar elde edilmistir. Tutarlilik oran1 0.093 ¢ikmis olup sonucun tutarli oldugu tespit
edilmistir.
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Kisilik 6zellikleri kriterlerinin agirliklar:

Takim ¢aligmasina yatkin olma

Disiplinli ¢alisma
Iletisime actk olma

Sekil 7: Kisilik 6zellikleri kriterlerinin agirliklart
3.6. Adaylarin PROMETHEE Yontemi ile Degerlendirilmesi

AHP yontemi ile kriter agirliklarinin belirlenmesi asamasindan sonra PROMETHEE yontemi
ile adaylar degerlendirilmistir. Adaylar ile ilgili veriler Tablo 4’te yer almaktadir. Tablo 4’te sunulan
veriler ve kriter agirliklar1 kullanilarak PROMETHEE yontemi ¢6ziilmiistiir. Sekil 8’de verilen
boliimde ¢6ziim icin gerekli olan kriter agirliklari, veriler ve kriterlerin fonksiyonlart girilmistir.

¥ Visual PROMETHEE Academic - 01.09.22.vpg (saved)

File Edit Model Control PROMETHEE-GAIA GDSS GIS Custom Assistants Snapshots Options Help
DEm PO hBRE Z7ELV G| #F veY
HeZ#BIBM@|EH S RO Ma|l@ 6

/) a L] /) a L] /) a L] /) a L] /) a L]
. Scenariol Ki1 Ki2 K13 Ki4 K21 K22 K23 K31 K32 K33 K41 K42 K43 K44 K45
Unit unit unit unit Y S-point S-point unit unit unit impact unit unit unit unit
dstefap TR SRR SRR ST R S SR SR ST SRR ST SR SR SR
E] Preferences
Mlﬂ/MEX max max max max max max max max max max max max max max max
Weight 0,12 0,04 0,33 0,07 0,04 0,07 0,18 0,01 0,03 0,06 0,01 0,02 0,00 0,02 0,02
Preference Fn. U-shape U-shape U-shape U-shape Level Level Level U-shape U-shape U-shape Lingar Linear Linear Lingar unearf
Thresholds absolute absolute absolute absolute absolute absolute absolute absolute absolute absolute absolute absolute absolute absolute absolute .
- Q: Indifference 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00
-P: Preference nfa nfa nfa nfa 2,00 2,00 2,00 nja nfa nfa 2,00 2,00 2,00 2,00 2,00
- St Gaussian nfa nfa nfa nfa nfa nfa nfa nfa nfa nfa nfa nfa nfa nfa nfa
=} Statistics
Minimum 0,00 0,00 0,00 0,00 2,00 2,00 2,00 0,00 0,00 0,00 4,00 3,00 4,00 2,00 3,00
Maximum 1,00 1,00 1,00 1,00 4,00 5,00 5,00 1,00 1,00 1,00 8,00 9,00 9,00 9,00 9,00
Average 0,30 0,10 0,10 0,60 3,20 3,90 3,80 0,30 0,70 0,20 6,40 5,40 6,10 5,00 5,40
Standard Dev. 0,46 0,30 0,30 0,49 0,75 0,83 0,83 0,46 0,46 0,40 1,28 1,91 145 1,90 1,74
=] Evaluations
(] action1 0 yes no no yes good good very good no yes yes 7,00 7,00 4,00 6,00 5,00
’ action2 |:| no. no no no. average bad good no yes no. 6,00 7,00 7,00 4,00 6,00
(] action3 0 no no l n average good average yes no no 5,00 9,00 6,00 4,00 3,00
] actiond O no no yes yes good very good very good no yes yes 8,00 5,00 5,00 7,00 5,00
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a action? 0 no yes no yes bad good good no yes no 7,00 3,00 7,00 3,00 6,00
(] actions O no no no no good good bad yes no no 5,00 7,00 4,00 9,00 3,00
a actiond O no n no yes bad average good no yes no 8,00 5,00 7,00 5,00 6,00
(] action10 O yes i no yes good good good no yes no 7,00 4,00 6,00 2,00 9,00

Sekil 8: PROMETHEE veri giris ekrani

Sekil 8’de verilen boliim doldurulduktan sonra PROMETHEE sonuglaria ulagilmistir. 10
adayin degerlendirildigi modelden elde edilen sonuglar Sekil 9°da verilmistir.

127



Uluslararas1 Yonetim Bilisim Sistemleri ve Bilgisayar International Journal of Management Information Systems
Bilimleri Dergisi, 2022, 6(2): 117-130 and Computer Science, 2022, 6(2): 117-130

PROMETHEE Sonuglari
0,2

0,15
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0,05
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-0,15
Phi = Phi+ mPhi-

Sekil 9: PROMETHEE yo6nteminden elde edilen sonuglar

Sonuglar incelendiginde Aday 1’in ilk sirada yer aldig1 ve sirketin Aday 1’1 ise almasi1 gerektigi
sonucuna varilmistir. Ardindan Aday 4 gelmektedir. Aday 4, Aday 1’in degerlerine ¢ok yakin oldugu
icin gl¢lii bir rakip oldugu anlagilmaktadir. Bu calismada personelin maas beklentisi dikkate
alimmamigtir. Bu sebepten dolayi sirket Aday 1 ve Aday 4 arasinda maas kriterini de dikkate alarak
bir se¢im yapabilir.

4, SONUC ve ONERILER

Siber giivenlik, globallesen Diinya’da ilginin giderek arttigi ve dneminin kritik seviyelere
ulastig1 bir konudur. Bununla birlikte insan faktorii siber giivenlik stireclerinin yiiriitiilmesinde en
onemli kollardan biridir. Ciinkii siber giivenlik uygulamalarinda meydana gelen krizlerde konunun
uzmant olan kisilerin kritik miidahaleleri olusabilecek maddi ve manevi kayiplarin Oniine
gecmektedir. Bu sebepten dolay1 siber giivenlik alaninda personel se¢imi problemi biiylik 6nem arz
etmektedir.

Bu calismada siber giivenlik hizmeti veren bir sirkete uzman personel alim siirecleri ele
alinmistir. Oncelikle siber giivenlik uzmani se¢imini etkileyen kriterler literatiir taramasi ve uzman
gortisleri dogrultulunda belirlenmistir. Ardinda bu kriterler konunun uzmani kisilerle AHP yontemi
uygulamasi yapilarak degerlendirilmistir. Ciinkii her kriterin personel se¢imini etkileme seviyesi
farkhidir. Elde edilen kriter agirliklar1 siralama algoritmasi olan PROMETHEE yonteminde
kullanilarak adaylar degerlendirilmistir. Yapilan degerlendirme sonucunda Aday 1’in siber giivenlik
uzmani olarak igse alinmasi gerektigi gozlemlenmistir. Elde edilen sonuglar dogrultusunda Aday 4’iin
de giiclii bir aday oldugu sonucu dikkat ¢ekmektedir. Yapilan ¢alismada maas ile ilgili kriterler
dikkate alinmamistir. Bu sebepten dolay1 siber giivenlik sirketi giiclii iki aday arasinda maas
politikasina en uygun olani tercih edebilir.

Personel se¢imi problemi literatiirde ele alanin bir konu olmakla birlikte siber giivenlik alaninda
yapilmis bir uygulama bulunmamaktadir. Bu sebepten dolay1 bu ¢alismanin yapilan literatiir taramast
sonucunda ele alinan problem tanimi ve kullanilan kriterler agisindan literatiire katki saglar nitelikte
oldugu tespit edilmistir. Siber giivenlik alaninda personel se¢imi ile ilgili literatiir zayiftir.
Literatiirdeki bu eksikligi gidermek icin farkli ¢alismalar yapilabilir. Bu ¢aligmada kriterler uzman
goriigleri ile belirlenmis olup ileriki ¢alismalarda bu calismadaki kriterler de goze alinarak yeni
kriterler eklenip kriterler bazinda literatiire katkisi analiz edilebilir. Ornegin ele alinan kriterler
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arttirilabilir. Kullanilan yontem kombinasyonlari gesitlendirilerek sonuglar karsilastirilabilir. Siber
giivenlik alaninda personel se¢imi problemi icin yeni modeller onerilerek modellerin performansi
degerlendirilebilir. Siber giivenlik alan1 siirekli gelisen ve yeniliklerin hiz kesmeden yasandig1 bir
alan oldugu i¢in personellerin egitim planlamasi yapilabilir. Son olarak siber giivenlik uzmanlarinin
performanslar1 ¢ok kriterli karar verme yontemleri ile dl¢tilebilir.
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1. INTRODUCTION

The use of MR, VR, Al and AR are rapidly developed with innovative cutting-edge applications
in many fields such as design, education, entertainment, military education, and health services. MR
also includes auxiliary sectors in its usage areas. Thus, the field of design is dramatically changing,
expanding, and evolving. These technologies will provide people receiving instruction in a physical
environment with the opportunity to access the needs that the domain does not have virtually. The
fact that the objects accessed are close to reality will increase the chance to experience in education.
VR, AR, and MR applications aim to overcome the limitations of the physical environment in theory
and can provide instant interaction with other physical environments at the speed of light.
Unbelievably rapid developments in the innovative dimension of scientific applications do not yet
provide definitive evidence on whether this will enable spiritual interaction or whether it will enable
communication with angels, demons, and spirits of dead people or result in denial of all past
arguments of metaphysical values and elements. For this reason, it is thought that future innovations
in AR, VR and MR applications together with super Al should be evaluated. It is assumed that if such
an opportunity and functionality is obtained, religious perceptions, faith and worship may be
adversely affected. There has not been a study at the literature level on this issue yet. Therefore, this
IS a research question is set as such: "Will VR, AR and MR innovative technology lead to interaction
with spirit realms, jinn and angels when supported by super Al or result in complete denial of
metaphysical values?”

In this study based on the latest publications in the literature, we have started with setting up
research problem and literature information; provided key conceptual definitions of VR, MR and AR;
evaluated Security and privacy issues and key risks; briefed different applications in education,
military, health, entertainment, and business; discussed the Metaverse with conclusion.

2. RESEARCH PROBLEM AND LITERATURE

When it is searched through Scholar database with the keywords “Mixed Reality, Artificial
Intelligence, Virtual Reality, augmented Reality, Metaverse and spirituality” 217 publications are
found none of which used all terms in the article header. We have found no study assessing possibility
of interaction with spiritual realm or denial of all.

In fact, it is all about the conceptualization, theory and positioning of reality related paradigms.
The transformation of reality perceived by sense organs into information redefines the concept of
reality. The concept of reality determines what exists. The fact that perception can be influenced and
misleading in its relationship with memory opens new dimensions in the concept of reality (Ipek,
2020). Many equivalents of MR technology emerged with the blending of VR and AR technology
(Yengin and Bayrak, 2017). The key elements of VR had been discussed long before. The HTC Vive
Pro Eye is the most equipped example of this technology, developed considerably since the first VR
device called "Sensorama Simulator,” invented by Morton Heilig in 1962. This headset, the best-
known member of MR technologies, includes VR and AR technology, and can follow the user's pupil
movements with external eye-tracking technology. This situation dramatically increases the success
in the sensitivity of the use of technology. As it is known, all the VR technologies that make it possible
to overcome the limits of physical reality involve the integration of the user into the virtual
environment through various sensors and computers (Milgram & Kishino, 1994; Grau, 2003; Scoble
& lIsreal, 2017). After that, the user can navigate the environment positioned with head movements.
This function, which is possible due to the communication between the head and the sensors through
various methods, is being strengthened using innovative techniques. The newest technique introduced
in this context is the eye-tracking technique, which detects the eyeball movements of the user,
processes metric and navigation information, and thus increases the integration of the user with the
objects in the virtual environment (Bayrak and Yengin, 2020)

With Industry 4.0 applications, the artificial functions of MR have also increased and
diversified, as virtual and accurate data have collided in a similar environment in MR. With this
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method, while increasing the reality of virtual data, it is ensured that the existing natural environment
is transformed into settings where virtual data can be used. Transformations also shape the perception
of reality. This pass-through in perceptions of reality causes immersion, distortions in individuals'
perception of reality. The next stage of this deterioration is that the individual forgets that he is in a
virtual or physical environment. It is among researchers' ideas that the developments in this field can
bring along various mental and physical problems. These efforts intersect with those offered by the
Internet of Things. This mutual transformation causes many technologies such as digital twins,
blockchain, and artificial intelligence to have new use areas. MR technology has been applied in
diverse manufacturing and industrial sectors to visualize the digital models supporting teaching and
training. Nevertheless, most of these MR projects mainly focus on users' experiences (Tang et al.,
2019).

Swalley (2015) aims to determine the effect of Metaverse and augmented reality concepts on
online purchasing behavior. Retailing has transformed from traditional to electronic and then to
virtual reality in which qualitative and quantitative methods were used together to determine the basic
view of technology and consumer interest in retailing. In a study conducted by Agrali and Aydin
(2021), the emotions related to Metaverse were evaluated in the light of the data obtained from social
media platforms. The tweets sent one week before and after Mark Zuckerberg's announcement that
his company would change its name to Meta were evaluated and tweets sent in English with the
hashtag "Metaverse™ on Twitter were used as the data set. As a result of the study, it was explained
that after Mark's speech, positive tweet rates decreased and both neutral and negative tweet rates
increased. Damar (2021) aimed at a bibliometric evaluation of metaverse technology, which has been
discussed in the literature since the 1990s. The study was carried out by extracting the data of all
documents between the years 1990-2021 from the Web of Science base, and it was deduced that
Metaverse will be included in many areas of human life in 15 to 20 years and will shape life by taking
advantage of the opportunities of developing technology. Kalkan (2021) aimed I his study to obtain
inferences about the development and future of sports and the phenomenon of sports in the Metaverse
universe, which is a new concept. While examining the concept of metaverse chronologically, he
conceptually discussed the issues of being a coach, athlete, referee, and spectator in the Metaverse
era. According to the results obtained from the study, the Metaverse universe was found to be
important in terms of sports and its stakeholders in the context of the development of sports and
exercise. Kus (2021) aimed to determine the factors that are effective in the emergence of facts about
the concept of Metaverse in his study. Within the scope of the study, the positive and negative factors
were listed, and the results of the perception of opportunity and threat were explained. Nalbant and
Uyanik (2021) aimed to examine Metaverse technology both in computer vision and general point of
view. In addition, they emphasized that these technologies should be more accessible to the society,
suitable for people at all economic levels of the organization, and cheap cost products should be
developed and made suitable for use by all people. Ozkahveci et al. (2022), on the other hand,
predicted that the concept of Metaverse increases every year throughout the world and within the
scope of the relevant period, and the world can adapt quickly to this new virtual society.

As it is evident from the above studies in the literature, it is possible for computers to have the
capabilities mentioned above and to develop themselves, thanks to the Al technology. As with AR,
privacy is a significant concern for VR. The highly personal nature of the data collected, namely
biometric data such as iris or retina scans, fingerprints and handprints, face geometry, and voiceprints,
is a primary VR privacy concern (Kaspersky, 2021):

o Eye-tracking: Data can be valuable to malicious individuals. Knowing precisely what he or
she is looking at can help an attacker reveal the user's valuable information, thereby recreating user
actions.

« Finger tracking: The system records and transmits fingerprint data, indicating fingers typing
a PIN code. If the attacker can capture this data, they can regenerate the user's PIN.
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Anonymizing VR and AR tracking data are nearly impossible, as people have unique movement
patterns. VR and AR tracking data such as zip codes, IP addresses, and voice traces should also be
considered potential "Personally Identifiable Information” (PIl). These may be considered PII as
external parties may use this information to identify or track an individual's credentials. Canadian
Chanelle Siggens was recently harassed verbally and physically by another player while using a VR
headset. Siggens warned the player about this incident. The actress who harassed Chanelle Siggens,
on the other hand, continued the harassment by ignoring the warnings and said, "I will do what |
want". After a while, the abusive player walked away from Siggens. With Metaverse and VR, this
event raises concerns that cyberbullying, which is already a severe problem in the cyber world, will
reach dangerous levels. According to the research, violations disturb the players every 7 minutes in
VR-based games (Frenkel and Browning, 2021).

The person may be more obese because they can handle everything in the fantasy world.
Loneliness and obesity await humanity in the Metaverse. As a result, many new types of diseases
may emerge. It is imperative to consider all these with their pros and cons under academic studies. If
used for good purposes, technology serves good and evil if used for immoral purposes. Instead of
being against technology, we need to think about using it following our ideals. The problems are now
in question in the metaverse universe based on AR, VR, and Al. Institutions and companies are in a
big race as the concept of Metaverse requires this, it is about how you can work effectively. These
are the questions that the concept of Metaverse deals with:

e Which imagination will they bring to the metaverse universe?
e What kind of experiences will other people face?

When we start talking about these questions, the Metaverse will find its place in real terms. We
suffer a lot from the game addiction of young people, and there are problems such as school refusal
in young people. In such a situation, a new field of gaming addiction emerges. In this virtual world,
shopping will be with cryptocurrencies and bitcoins. Challenging experiences in life that need to be
overcome, processes that take time and require patience, and the desire to get something quickly
attract them the most. In addition to psychological problems such as addiction, there are the main
problems to be encountered such as:

e Inability to cope with anxiety, difficulty in emotion management,

e Underdeveloped social communication and problem-solving skills,

e Different physical problems such as obesity, joint and muscle problems due to inactivity, and

e Real-life economic problems due to procrastination, neglect, and not exerting the necessary
effort.

3. KEY CONCEPTUAL DEFINITIONS

VR is a technology that is still developing, as well as an increasing number of scientists from
different fields, are working on it. Different definitions made by Stone (1991) and Oppenheim (1993)
also summarize other definitions. According to Stone (1991), VR is multimedia that appeals to human
senses, developed to increase communication between humans and machines. According to
Oppenheim (1993), VR is a technology that tries to increase human-machine interaction through
feeling, not contented with visual and auditory communication (Kurbanoglu, 1996).

Imagination and reality have never been intertwined. For years, VR has been the "next big
thing". Still, it has finally emerged to create stunningly realistic images, sounds, and other emotions
amid an extraordinary fantasy world. Almost everyone has access to these fascinating technologies,
but before pouring hard-earned money into a cutting-edge head-mounted display, let us take a closer
look at what is needed for an amazing VR, AR, or MR experience. Technology has caught on, and
market researchers have predicted rapid growth for the VR industry. Look-in toys were popular in
the 1950s, and indoor flight simulators were first introduced in the 1960s, but the idea of VR goes
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even further. As early as the 1940s, inventors, science fiction writers, and fixers dreamed of an
environment that could escape reality through art and machinery. VR can be used as a general term
to describe similar but different technologies to the actual VR experience. The similarities and
differences between VR, AR, and MR should be apparent (Intel, 2021).

Extended Reality

Physical Reality Augmented Reality Mixed Reality Virtual Reality

Figure 1. Different pictures for Physical, Augmented, Mixed and Virtual Realities

Source: (Siglin, 2018)

¥/l
VIRTUAL REALITY ! - AUGMENTED REALITY MIXED REALITY

Fully artificial enviroment. 4 Virtual objects overlaid on Virtual enviroment combined
real-world enviroment. with real world.

Figure 2. Different pictures for Augmented, Mixed and Virtual Realities

Source: (3Dforscience, 2020)
Virtual Reality

VR is the most widely known technology that is so gripping that it tricks senses into thinking
in a different setting or a world apart from the real world. One can move or manipulate objects with
touch controls while connected to the console or computer using a head-mounted display (HMD) or
headset. One will experience a computer-generated world of video and sound.

Augmented Reality

AR places digital information on top of real-world elements. Pokémon GO* is one of the best-
known examples. AR centers on the natural world but enriches it by layering it with other digital
details, a new layer of perception, supporting one's reality or environment (Cem, 2020).

Mixed Reality

Using next generation sensing and imaging technologies in MR, one can interact with and
manipulate physical and virtual elements and environments (Sen et al., 2021). MR allows one to see
the world he/she lives in and immerse in it, even if someone interacts with a virtual environment by
using his hands without ever removing his headset. It breaks down the core concepts between reality
and fantasy, delivering an experience that can change the way they play or work today (Holonext,
2019). There are head systems with different features developed by many commercial companies for
the use of MR technology. The most known and used among these head systems are Microsoft
HoloLens (Bray et al., 2018), Samsung HMD Odyssey (Carbotte, 2018), Lenovo Explorer (Carbotte,
2018; Borandag & Yiicalar, 2020).
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VR Hardware VR systems enable users in the virtual world to interact physically with artificial
warnings they direct. The interaction can be visual and auditory and through different senses such as
tactile, smell, and taste. Specially designed gloves and clothes covering the whole body create these
feelings. Above these, some sensors and stimuli allow the system to detect the user's movements and
the warnings coming from the system. These stimulating systems are defined as "VR
hardware"(Ferhat, 2016). Games to movies and medicine, VR, AR, and MR is becoming more and
more common:

o Games—Over 2,000 games currently in use, from first-person shooter (FPS) games to
strategy games and role-playing adventures

« Health—In education, such as in surgical simulations

« Professional sports —In training programs like STRIVR that assist professional and amateur
athletes?

« Film and TV— Creating unique experiences in movies and shows

« Virtual Travel— Virtual trips to an art museum or another planet that one can take from
home

4. SECURITY AND PRIVACY ISSUES AND KEY RISKS

One of the issues that people see as the most significant danger of AR is privacy is that AR
collects much more information about who the user is and what they are doing than social media
networks or other technologies. User privacy is at risk as AR technologies can see what the user is
doing. This raises several concerns and questions (Kaspersky, 2021):

« How do AR companies use the information they collect from users and ensure security?
« If hackers manage to gain access to a device, the risk of loss of privacy is enormous.

e Do AR companies share this data with third parties? So, how do these companies use this
data?

« Where do companies store their AR data? Locally on devices or in the cloud? Is data sent to
the cloud encrypted?

Untrusted content

Advanced hackers can replace the user's AR with one of their own, misleading people or giving
them false information. This brings reliability issues, as AR is a relatively new field, and authenticated
content creation and delivery mechanisms are still being developed. Some cyberthreats can render
content unreliable even if the source is genuine. These types of cyber threats include spoofing,
eavesdropping, and data manipulation (Kaspersky, 2021).

Social engineering

Given the possible reliability of the content, AR systems can be an effective tool to deceive
users as part of social engineering attacks. For example, hackers can distort users' perceptions of
reality through false signs or screens, leading them to take action that will benefit hackers (Kaspersky,
2021).

Malware

AR hackers can insert malicious content into apps through advertising. Unaware users can
compromise AR security by clicking ads that redirect to malicious websites or malware-infected AR
servers that serve unreliable images.

2 For more information see: https://www.strivr.com/
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Stealing network credentials

For merchants using AR and VR shopping apps, hacking can be a cyber threat. Criminals can
steal network credentials from Android-powered wearables. Many customers' card information and
mobile payment solutions are already registered in their user profiles. Since mobile payment is a
straightforward procedure, hackers can access and hijack these accounts.

Denial of service

Another possible AR security attack is a denial of service. In such a case, for example, users
who rely on AR applications for their work may suddenly become disconnected from the information
flow. For example, a surgeon may suddenly lose access to crucial real-time information from their
AR glasses, or a driver whose AR-enabled windshield suddenly turns into a black screen may lose
sight of the road (Kaspersky, 2021).

Hacking attacks between two ports

Network attackers can eavesdrop on the AR browser, AR provider, AR channel owners, and
third-party servers. These types of attacks are called spying attacks between two ports.

Ransomware

Hackers can access a user's AR device and record their behavior and interactions in the AR
environment. This can be embarrassing or unsettling for people who do not want their games and
other AR interactions to be publicly known. By adding features designed explicitly to VR platforms,
attackers can persuade users to give their personal information. As with AR, it creates a favorable
environment for ransomware attacks.

Fake IDs or “deepfakes”

Machine learning technologies make it possible to manipulate audio and video to look like
original footage. Since it is possible to access motion tracking data from a VR headset, a hacker could
use this data to create a digital copy (also known as a* deepfake ”’) and aim to circumvent VR security
for this purpose. It may be possible to embed it in someone else's VR experience to perform a social
engineering attack then. Other problems with VR that critics have identified as negative aspects of
VR include (Kaspersky, 2021):

« Health effects include dizziness, nausea, or lack of spatial awareness.
« The potential for excess.
« Loss of connection with people.

5. VR APPLICATIONS IN EDUCATION

Although VR is an expensive technology, it is used in many fields for educational purposes,
albeit limited. It is also possible to test factors such as color, lighting, and ergonomics beforehand.
Students can do the work they want on cadavers created in virtual environments, or they can make a
journey to the human body. Again, it can be used effectively for training students in foreign language
education. A student who wants to learn a foreign language can live in that country by traveling to
the country where they want to learn it through virtual education (Kayabasi, 2005).

There is growing evidence that simulation in teaching is necessary to improve learning, skills,
and outcomes, efficient skills. In the health sciences, high-fidelity task trainers are ideal for reducing
cognitive load and enhancing learning outcomes (Birt et al., 2017). It is expected to be widely used
in academic and business education fields. For example, some parts of the training program
developed by Microsoft and Japanese Airlines were introduced to the whole world in July 2016. It
shows how an airplane jet engine comes in front of the user with hologram images and how the user
enlarges, reduces, or rotates this image in the desired directions by using his fingers as a mouse.
People using the headgear above can also verbally intervene in the virtual images before them. E.g.,
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the MR system reacts very quickly to the command to show the ventilation and cooling system of the
jet engine and can instantly bring the desired design. There is no need to go to the hangar where that
massive jet engine is located to receive this training. In addition, they do not divide those jet engines,
which are very expensive, into parts for educational purposes and present them to the students'
examinations. MR technology overcomes all these difficulties. Simulations such as all kinds of
laboratory tests and examinations in the battlefields in history lessons will attract the students'
attention, reduce the learning time and make learning easier (Ozdemir and Oztiirk, 2022).

@ 3

Figure 3. Augmented reality in education Source: (Cem, 2021)

6. MEDICAL EDUCATION AND PRACTICE

A versatile MR educational environment is a ubiquitous approach to highly impactful, low cost,
high reusability gamified educational approach. Using prolific technologies such as inexpensive AR
headsets and a versatile, low maintenance Database (DB) back ends, a natural world environment can
be transformed with 3d graphics and audio to various educational spaces of highly impactful content
(Antoniou et al., 2016). Indeed, the applications to be used in medicine will significantly increase the
quality of education. The failure rate of doctors who can see all the organs of their patients with
hologram 3copies, diagnose them with the help of artificial intelligence, produce organs with new
generation printers and transplant them will decrease to almost zero.

Despite some hardware and technical deficiencies, VR technologies are used to treat many
diseases and conditions with programs and interfaces; It is used as an assessment tool to detect heart
rate variability and the initial stages of Alzheimer's. At the same time, patients can check their health
status at home without going to the hospital by connecting with smartphone applications. The use of
VR technologies and other mobile health technologies will increase the functionality of VR
technologies and provide important developments in health services (Wiederhold, 2016). As VR
technologies decrease production costs and become tools that everyone can use through simple
interfaces in terms of use, they will be used more in the education of medicine and other health
professions. In this way, students will have an education system to learn the procedures and other
vital elements of treating patients in a virtual world or through simulators. As a result, since they can
acquire specific skills safely, they will demonstrate their skills when they meet with patients (Reznek,

3 For more information see: https://www.microsoft.com/tr-tr/hololens/hardware
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Harter & Krummel, 2002). These technologies, which are used in surgery, treatment, rehabilitation,
and education in health services, also benefit from other developments in technology and provide
convenience to patients and healthcare professionals in doing their jobs (Demirci, 2018).

7. DESIGN PRACTICES

Interaction in a VR environment is the most natural interaction type, and the participants were
eager to use both MR and VR environments instead of an emulator (Ergiin et al., 2019). The most
crucial feature that distinguishes MR applications from AR is the interaction of users with virtual
images. Those in different places can see the product under development through their titles and
provide and see the changes in real-time with the instructions they will give to the people who manage
the project. Alternatively, imagine that the officials of an architectural office evaluate a project drawn
with hologram technology with colleagues remotely from different parts of the world. While his
Japanese colleague requested the elevator be relocated, the architect in America might want the
balconies to be slightly more prominent. Such changes can be made instantly so that everyone can
see them in 3D. All kinds of products can be produced error-free and optimal using similar
applications during the development phase.

Figure 4. Augmented Reality in Medical Trainings Kaynak: (Cem, 2021)

8. ENTERTAINMENT APPS

VR glasses do not yet have good ergonomics for the physical comfort of the users. Especially
VR glasses, in which mobile phones are used, are heavy. However, glasses that use their screens will
become much smaller and lighter by time. Studies on this subject continue VR glasses in regular
glasses or contact lenses. These glasses or contact lenses can be considered a technological revolution.
They make it easier to watch all other digital media products such as television, books, newspapers,
movies, and advertisements anytime and anywhere. It will not take long for the movie industry to
adapt to VR technology. Thanks to this technology, movies with 360° images to be shot and other
factors designed will allow the VR phenomenon to spread to the world quickly. Currently, the
scientific world is discussing the development of VR technologies with their positive aspects and
some adverse social and psychological side effects. VR will pose a significant danger to some as a
mind control method in the future. The adverse effects of the event's moral dimension have divided
sociologists, psychologists, and even clergy into two. The products of companies that produce sexual
content for adults also cause private life and family concepts to be questioned (Ferhat, 2016).
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The quality of Al (i.e., speech recognition and synthesis via machine learning) associated with
an augmented object increases MR immersion associated with spatial immersion, MR enjoyment,
and consumers' perceptions of novel experiences (Sung et al., 2021). Digital technologies used to
entertain people have now gone far beyond gaming applications. The sense of fun and excitement
provided by games played with VR or AR headsets/glasses used until recently has been taken to new
dimensions. One can watch a concert of a favorite singer, a theater performance, or a sports event
from own location in three dimensions with hologramic images. Now, instead of going to
entertainment venues, entertainment will come to the home.

Digital cinema technology is closely related to the development of computer games. For
example, some games such as Tomb Raider, Assassins Creed, Mortal Kombat, which were liked by
the masses, were shot as feature films. Likewise, computer games also benefit from cinema in terms
of visual effects, framing techniques, and story design. Digital technologies give a new direction to
the search for reality in cinema. Amateur video shoots, movies, and movie screenings in which the
audience can be included in the process show the need for a new definition of reality. The fact that
the platforms, especially Youtube, where amateurs can share their designs, appeal to the audience on
a massive scale, shows that movie-watching habits have also changed. Shortly, it is predicted that
artificial intelligence will play an active role in all filmmaking processes. We are very close to
watching the films in which the scenario will be created by artificial intelligence according to the
audience's desire, and the visual and sound effects are presented as options. Even computer games
produced by artificial intelligence control the user's experience process. 21st-century cinema has
significant advantages in creating and publishing virtual worlds/characters. Many intermediaries of
the sector, especially the monopolies of distribution companies, will be adversely affected by this
situation. However, new business areas and needed new professions (with high technology skills)
will emerge (Barbaros, 2020).

VR sex is a new sex kind. Technological innovations in sex define our future generations and
change how we express intimacy and love and how we see and relate to ourselves and others.
(Alexandrovich and Gomes, 2020). It allows the user to get tactile sensations or fictional characters
from distant participants using computer-controlled sex toys. (Kiiro, 2020). Usually, the user also
wears a VR headset to see and interact with the partner (Varina, 2021). So, this type of Al based MR
is ostensively fantastic but, can also severely harm human reproduction, social, psychological and
spiritual structures and humanistic values.

9. MILITARY TRAINING

Advances in technology paved the way for war simulations in military personnel training. These
trainings are not limited to only attack and defense issues. All the training required by military
personnel can now be given through these technologies (Rathnayake, 2018). The most popular of
these games were war games. Many of these games were developed under the supervision and
supervision of military personnel (Cem, 2021).

Aviation

Digital technologies can also be used in the aviation industry, which requires care. AR, VR,
and MR technologies can be used in aircraft design to performance evaluation and production line.
Today, Airbus uses VR technologies to show aircraft to customers. The European Space Agency
(ESA), on the other hand, uses AR technologies in maintenance and plans to use MR and AR
technologies in the training of Mars flight personnel.

Tourism

VR technologies provide unique opportunities, especially for holiday lovers. With VR glasses, one
can visit virtually any city in the country you want and visit the streets and museums. Today, some
tourism companies also allow wandering around the region with VR glasses to explore holiday
destinations. On the other hand, AR-based smartphones can guide you by recognizing the objects
around you during your vacation (Avzal, et al., 2022).
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Industry

In addition to entertainment, these applications also come to the fore with increasing
performance and increasing operational efficiency, especially in the industry. Display technologies,
which make it easy to access relevant data, enable people and other devices to use resources better. It
also reduces the time required, cost, and potential errors. Today, Ford and Audi VR use AR
technologies to test different parameters to find the most suitable and efficient products.

Partnerships

AR and MR-based devices also support collaboration. Architects, engineers, and designers can
quickly try different parameters with these technologies and see the results. Therefore, reality
technologies are expected to break new ground in projects that require teamwork.

Installation and Maintenance

AR is becoming a tool that simplifies the most complex tasks for maintenance and installers.
Broken or broken parts can be determined and repaired with the information displayed on the screen
for the device held where the operation is performed. It is sufficient for technicians to use head
apparatus or tablet for this process. AR guidance can also be used under challenging assemblies in
the production area.

Marketing

AR and MR technologies also play an essential role in promoting products to customers. A
vehicle dealer or a clothing store can easily use these devices to try different products and colors. As
a result, VR, AR, and MR technologies will change lifestyles soon. These technologies will be used
in the areas mentioned above and many new areas, so a future you cannot even imagine will be
waiting for us. Maybe humanity will completely escape from reality and shelter in the virtual world.

Remote work in business

Collaborative MR technologies enable remote people to work together by sharing
communication cues intrinsic to face-to-face conversations, such as eye gaze and hand gestures (Yang
et al., (2020). The shared space typically consists of a video capture of the remote workspace
displayed on a 2D screen (Huang et al., 2018). Vocational training is frequently held for recruits and
existing personnel in medium and large companies. In previous generation technologies, the activity
was made available as pre-recorded images, and the user could not ask questions at the time of
use. This training can now be done in real-time and interactively between the parties with hologram
images. Employees who complete a five-minute training session with such a MR program are said to
achieve the same level of success as reading a 50-page training manual. The said technology can be
used efficiently in all areas of the business world, from paperwork at the desk to the maintenance and
repair of production vehicles, from production planning to logistics and shipping. Of course, the usage
area of Mixed Facts is not limited to the examples | have listed above. We will undoubtedly start to
use these new digital technologies and applications in all areas of our lives shortly (within a few
years) (Cem, 2021).

10. DISCUSSION ON METAVERSE

The definition of Metaverse is "offering a new reality, the world of meaning and collaboration
opportunities; providing infrastructure and interaction opportunities for cultural, intellectual and
economic production; different advanced technologies are used simultaneously and in an integrated
manner; cyber social plane" (Kus, 2021). Most people describe Metaverse as the next stage of the
internet. It entered this virtual universe with virtual and AR devices alongside a personal computer,
thus having the opportunity to experience other people or virtual objects directly with the five senses.
(Doko, 2021). Although the epidemic process we are experiencing has increased its popularity with
Facebook's conversion of the company name to "Meta" and announcing its investments in Metaverse,
Metaverse is not a new concept. Despite its popularity, it is not possible to make a clear definition of
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what Metaverse is and what it covers. Metaverse seamlessly integrates the real world with the virtual
world and allows avatars to carry out rich activities, including creation, display, entertainment, social
networking, and trading (Yang et al., 2022). With the "Metaverse" and the Cyber World Order, which
is planned to be implemented in 2023, gas, electricity, and power plants and distribution centers,
banks, government offices, population, and land registry records may be exposed to cyber-attacks
and chaos may occur with "Cyber Terrorism." Everything is being prepared for the "Metaverse," and
the products are registered with Blockchain (Aydin, 2021).

Most of the expectations about the Metaverse consist of technologies that we can experience
today, but some of them have not yet been massified. In the world of "Second Life", where users
create an avatar for themselves and live an alternative virtual life, it is possible to go to school, start
a business, earn income, socialize with people, and invest. It is even possible to earn money through
Second Life and transfer it to real life.

Metaverse's persistence and interoperability will provide users with more excellent continuity
of identity and experience compared to the modern internet. In Metaverse, users will not need separate
Twitter profiles, "Fortnite™ characters, and Reddit accounts. They will be themselves on all channels.
This continuity of identity will be the critical factor behind how users buy and consume content on
the Metaverse. There are still quite a few obstacles to a true Metaverse. The biggest hurdles are also
hardware limitations. Still, less than 20 percent of Americans are familiar with VR headsets,
according to a 2020 report by Thrive Analytics and ARtillery Intelligence. Also, experts predict that
devices like VR and AR have a chance to surpass game consoles by 2025 at the earliest. If the
hardware and energy technology are sufficient, extensive cultural changes will be necessary to foster
an actual Metaverse development.

Many Metaverse projects are still in their infancy. Again, augmented, and virtual reality
technologies, or AR, still have a long way to go. In addition to their technological development, they
also need to be cheap and mass-produced. It is not new for applications to create their economies in
the virtual world. It is possible to watch a concert or a football match while wearing VR glasses and
to watch the area where your eyes focus, not the camera, in the 360-degree virtual universe - unlike
watching it on a computer and television. Again, online training or meetings can be held in the virtual
reality universe. Wearable technology has also come a long way in recent years. With the increasing
internet speeds, the internet of things (10T) is entering our lives more and more every day. With smart
homes and innovative city applications, objects can communicate and perform their predetermined
tasks without human intervention. With AR applications, it is also possible to buy the shoes you like
on phone by first holding the phone's camera on your feet, trying them on your feet, and seeing how
they look. Among all these technologies, how Blockchain technology (other than payment systems)
will take place in the Metaverse is critical for the future of this virtual universe. Blockchain
technology allows database creation without the need for any centralized structure. Will our identities
on the Metaverse be kept in a decentralized environment or in the central databases of the technology
giants involved in the process, with much more personal data than we produce today, including the
data of our moods that we are afraid to admit even to ourselves? In either case, how will nation-states
approach this situation? What will be the position of nation-states in these virtual
universes? Questions like these remain unclear.

Most of the expectations about the Metaverse consist of technologies that we can experience
today, but some of them have not yet been massified. In the world of "Second Life", where users
create an avatar for themselves and live an alternative virtual life, it is possible to go to school, start
a business, earn income, socialize with people, and invest. It is even possible to earn money through
Second Life and transfer it to real life. However, with the current Deep Fake and voice cloning
techniques, it is possible to produce a video of someone who does not exist to make someone say
things they have never said. This audio-video combination is exceptionally close to reality. Imagine
that you encounter this in a 360-degree virtual reality universe, and you can even experience the
feeling of touch with the help of a special glove in your hand. Even today, it is getting harder to
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understand what is real and what is virtual, and this will be a much more significant challenge. Apart
from many start-ups and entrepreneurs working on the Metaverse, the Largest Projects are those:

Decentraland

Technology giant Samsung has moved its famous Samsung 837 store in New York to
Decentraland. One of the largest metaverse universes with 90,601 parcels allows users to build
whatever they want. MANA is the cryptocurrency of this universe powered by the Ethereum
blockchain. MANA gained 15 percent after Samsung announced that it had entered Decentraland
(www.decentraland.org).

The Sandbox

The Sandbox (SAND) project, a critical metaverse coin, has recently been a favorite of
investors. Sandbox is a gaming metaverse created by Pixowl company in 2011, and the
cryptocurrency SAND was built on the Ethereum blockchain. The Sandbox also announced last
month that it is collaborating with Adidas. American rapper Snoop Dogg has started building a virtual
mansion here (www.sandboxgame.com).

mOVR

It is a Metaverse platform with Ethereum blockchain-based AR and VR experiences. It is
possible to buy plots worldwide through OVR, which combines the real and virtual worlds with
AR. With OVR, one can experience the Metaverse, meet new people in OVR rooms, and attend NFT
exhibitions in galleries. Two hundred thousand parcels were sold from Turkey, and more than 11
thousand of these parcels are from Istanbul. Many Metaverse projects are still in their infancy. Again,
augmented, and virtual reality technologies, or AR (XR), still have a long way to go. In addition to
their technological development, they also need to be cheap and mass-produced (www.ovr.ai).

11. CONCLUSION

Many IT based devices such as televisions, smart mobile phones, ovens, refrigerators work with
computer systems. It has become commonplace to benefit from many computers such as the military,
architecture, education, and advertising. With the development of technology, computers that used to
make only electronic data transfer and complex calculations can solve problems that cannot be solved
mathematically, summarize large amounts of data by filtering, comment on events and even learn
independently. In other words, computers can both make decisions by collecting information about
events and learn the relationships between events by interpreting them.

Although the MR technology, which brings together the virtual and real-world, continues its
active development, especially in education and health, it has made itself known with applications in
health. Still, it is also used in the military, automotive, marketing, etc. It is a technology suitable for
use in many areas. However, it is possible to see different application examples in many fields, from
medical education to diagnosis and treatment processes of this technology, which has made a name
for itself with its studies in health. Imaging technologies such as MR, which continue to develop and
progress rapidly, are based on the ability to operate related processes independently of time, place,
and people in many subjects or to execute them remotely. Creating virtual worlds that could only be
imagined in the past and overlapping the virtual and real worlds is now possible with augmented,
virtual, and MR. In this study, we examined the applications in the field of health, which is an applied
field that can make maximum use of the possibilities offered by MR. Especially in medical education,
its use for diagnosing and treating diseases will become widespread. HAVELSAN, which has become
a world brand in simulation technologies and has original software-oriented solutions and products,
acts with the vision of being the national and international leading system integrator in its field. In
this context, As HAVELSAN realized, the Hapsim simulator, which is based on MR technology, is
one of the new generation technologies since simulation technology is its main field of activity and
includes various disciplines. Likewise, it continues to develop different solutions by following the
developments in the MR field (Dogan et al., 2021).
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Many companies today use MR for production and research. Companies may distribute
equipment for MR to their users and enable them to create their digital environments. While screen
and media addiction are the subjects of scientific research and congresses, scientists are investigating
how children and young people, who are called "netizens” or “digital citizens", will be affected by
new technologies. It is thought that the effects of virtual reality on children and young people will be
more intense than on adults. It is predicted that new technologies will cause physical discomfort,
especially in the head, eye, and neck region of children and young people who are in the age of
development physically and cognitively, and even damage their brains. In addition, the infrastructure
of controlling the minds of children and young people by hypnotizing them by governments, capital
owners, and other power centers seems possible with this new technology. Government regulative
bodies, as a public service broadcaster and a major media producer, should take the necessary steps
to guide society to the technologies of the future in a healthy way, with the responsibility required by
public service broadcasting in the face of these developments in the world and Turkey. It should be a
pioneer in the sector by providing R&D support to qualified virtual reality studies in education and
entertainment and producing educational content. Together with TRT, RTUK and other relevant
public institutions should prepare the infrastructure for legal regulations regarding this new
technology and new content. Establishing an upper advisory board and an ethics committee in this
area would also be beneficial. The developing virtual reality world also creates new professions.
Universities' software, design, fine arts departments, and educational institutions need to create a
specialized training program for these emerging professions.

The Metaverse is an important vision for the new era of the internet. There appears to be a few
misperceptions in this area for three reasons:

e The first is that Facebook's Meta launch is supposed to start from today to tomorrow. There
is no possibility that it will not materialize at the level of expectations and return to a bubble.
However, the glasses technology and processor speeds must reach the desired level; five years at best
and ten years.

e Second, it is perceived as a single Metaverse universe and is the subject of plot speculation.
However, there is no reason why there should not be thousands of Metaverse universes in the future.

e Third, although it is reduced to it today, it is not just a vision tied to VR glasses. Metaverse is
something that we have entered since 2003's Second Life game. Games like Roblox, Fortnite, World
of Warcraft always occur in the Metaverse.

While having fun in this virtual world, we will also be with one foot. It is a beautiful version of
fantasy and science fiction, but how are we supposed to use it for the benefit of humanity? The
purpose of life is not just to live, eat, drink, reproduce. Then we become the same as primitive
creatures. The goal of separation is to think about death, reality after death, life. Only worldly thinking
cannot make a person happy. Metaverse cannot serve human happiness.

Metaverse inherently transforms into personal, biometric, financial, and even emotional data,
raising security, privacy, and intellectual property concerns. Likewise, when avatars are used as a
form of identity, personal data becomes vulnerable to being copied, stolen, deleted, or manipulated.
Although biometric identification is a solution, it should not be forgotten that identity fraud is always
a significant risk, and necessary measures should be started now. At a personal level, there should be
some reasonable precautions against VR and AR risks and threats:

e Reviewing privacy and data confidentiality policies and procedures: Sometimes, it is easy to
bypass lengthy data privacy policies or terms and conditions.

¢ Avoiding revealing very personally private information: Do not disclose personal information
that does not need to be disclosed.

e Using a VPN tunnelling: One of the ways to keep identity and data privacy on the internet is
to use a VPN service.
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e Being active in the real world: VR is not the reality itself; it will remain virtual.

e Sticking humanistic, religious and cultural values to protect humanity.

e Keeping firmware up to date: Keep updated for VR headsets and AR wearables. Updates help
fix security flaws and add new features and improve existing ones.

e Using comprehensive antivirus software: The best way to stay safe online is to use antivirus
software to capture viruses, ransomware, malware, phishing, spyware, and other emerging internet
security threats.

When we as our research question "Will VR, AR and MR innovative technology lead to
interaction with spirit realms, jinn and angels when supported by super Al?”, with the limits of
literature knowledge it is found no answers yet. VR, AR and MR applications aim to overcome the
limitations of the physical environment in theory and can provide instant interaction with other
physical environments at the speed of light. Unbelievably rapid developments in the innovative
dimension of scientific applications do not yet provide definitive evidence on whether this will enable
spiritual interaction or whether it will enable communication with angels, demons and spirits of dead
people though it is still on the enhancement of physical interaction and made-up virtual artefacts. It
is assumed that if such an opportunity and functionality is obtained, religious perceptions, faith and
worship may be adversely affected. But this area should be studied with a multidisciplinary approach
by theologians, psychologists, spiritualists, and philosophy branches.
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1. INTRODUCTION

Various personality tests are adopted throughout the software development industry in order to
hire the right person for the right position or enabling that person to pursue the correct career path
after recruitment. Yet, software engineers typically have high technical and analytic intelligence, and
they do not believe in these tests. Hence, they might manipulate the results in a way that they do not
reflect the truth. They may even choose the necessary answers that will enable them to have valid
results that will help them get the desired results. As there is no invalidity or contradictoriness in the
results report, an unexperienced person might not see the manipulation and may interpret the results
incorrectly. Besides, as the number of questions in almost all the psychometric tests are too many,
software engineers find it boring to answer all of them.

Considering all these observations, we believe a novel test is required specifically for software
engineers. This test should have questions that are related to the tasks in software projects.

With this approach, participating software engineers would respond naturally as they do not
feel like they are taking a personality test and the most accurate, realistic and beneficial results can
be obtained.

2. BACKGROUND

For the determination of personality types within software engineering field, there have been
many studies conducted. Methods that are used widely can be listed as; Myers-Briggs Type Indicator
(MBTI), Keirsey Temperament SorTer test (Keirsey test) (based on MBTI), Five Factor Model
(FFM), NEO Personality Inventory — Revised (NEO PI-R) (based on FFM) etc. In the following
subsection, these tests are compared. Next, Jung’s 16 personality types which both MBTI and Keirsey
tests are based are explained.

2.1 Comparison of MBTI, Keirsey Test, FFM and NEO PI-R

(White, 1984) and (Cruz et al., 2015) argues that MBTI is widely used within software
engineering studies. In software projects, heterogeneous team members are more productive and
efficient in unstructured tasks, while homogeneous team members working together in structured jobs
provide the optimum (White, 1984). (Cruz et al., 2015) systematically reviewed 90 articles that
empirically explored personalities in software engineering. These articles were selected from among
19,000 articles published between 1970 and 2010. 72% of these studies were published after 2002.
Based on these 90 articles, we concluded that the most used test to investigate personality traits in
software engineering is the MBTI.

According to (Kaluzniacky, 2004), in studies where MBT]I is employed, it was shown that
emotional intelligence is important. Besides, (Cruz, 2015) pointed out that there are specific situations
that FFM is employed. (McCrae, 1992) and (Feldt et al., 2010) studied traits such as Openness (O),
Consciousness (C), Expressiveness (E), Appropriateness (A) and Neuroticism (N) in FFM
applications. Yet, specifically within the software engineering industry, research of traits such as
Neuroticism (irritability, anxiety, bad temper or disappointment) have disturbed the participants. Due
to this, many software companies refrain from using FFM-focused personality inventories. Besides,
in Turkey, some of the human resources experts from several software engineering companies have
reported that the participants have been unwilling to answer NEO PI-R since it has several questions
regarding private issues.

(Kosti et al., 2014) provided the compared results between MBTI-based personality inventories
and FFM. (Rutherfoord, 2001) applied Keirsey test on computer engineering students to provide
good project teams that have been selected based on the results. According to these results, ESTJ type
groups generate a lot of ideas and they are following a traditional path. Contrary to this, ISTJ type are
very quiet and behave on their own. When groups consisted of a wide variety of types, they were
successful in having the ability to listen and discuss and thus find what was "best" for the group.
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Therefore, in software engineering, heterogeneous groups were good at solving problems and
generating more innovative and productive ideas. On the other hand, in homogeneous groups where
everyone is of the same type, strengths and weaknesses can be distorted because there is no
counterbalance to meet them.

(Capretz and Ahmed , 2010a) and (Capretz and Ahmed , 2010b) have published the connections
between the software engineering job descriptions and both MBTI and Keirsey test results. In this
publication, the authors mentioned the difficulty of researching personality types associated with
software engineering since these studies usually include theoretical research on psychological type
connections between human-oriented disciplines and software engineering. In this work, the authors
contributed towards linking software engineering concepts and the psychology of software
developers. The authors investigated the mapping of human roles and MBTI personality types at
different stages of the software engineering lifecycle. For this, they first determined the roles in
software engineering under five groups as system analyst, software designer, programmer, tester and
maintainer. The authors then defined the job descriptions for these five software engineering roles
across 12 soft skills. Then a map that matches them with MBTI personality types was proposed. In
this manner, a map that presents soft skills needed for the job descriptions of these five roles in
software projects was formed. Therefore, a link between soft skills and the MBT]I's personality types
(E/1, SIN, T/F, and J/N) was created with this map. Next, which role in software engineering would
match which personality type of MBTI was deduced. As a result of this effort, they concluded that
the best systems analysts would be E-F, the best designers would be N-T, the best programmers would
be 1-S-T, the best testers would be S-J, and the best maintainers would be S-P.

(Capretz et al., 2015) applied MBTI to 100 Cuban software engineers. According to these
results, ESTJ type was the most common MBT]I personality type (25%). It was followed by ESTP
(15%) and ISTJ (10%) types. The least common personality types were INFJ and INFP types with
1%. ISFP, ENTP and ESFJ types constituted 2% of the total study participants. In this study,
participants were also asked which software development roles they preferred. As a result, system
analyst, system designer and programmer were the most preferred roles, while tester and maintenance
roles emerged as less preferred roles

MBTI and Keirsey are widely used in the software engineering industry for recruitment, careers
and talent management. Because MBTI and Keirsey results give very accurate results in matching
employees with the right roles and positions. It is also widely and reliably used to identify promising

“high potential” employees for the organization and to create talent pools (Cruz et al., 2015), (White,
1984).

2.2 Jung’s Personality Types

Myers-Briggs personality types (Myers, 2010) and the personality types that are used in Keirsey
test (Keirsey and Bates, 1984) were created upon (Jung, 1921) personality types. According to
(Yilmaz et al., 2017) MBTI and Keirsey test can be used both in education and in business life as a
determiner of personality traits. JBTSM, the test which is explained in terms of its design, application
and results within the framework of this article, was also founded upon Jung’s personality types.

Jung‘s two main classifications for personality types are Introversion (I) and Extraversion (E)
types (Fordham, 2011). By adding Thinking (T), Feeling (F), Sensing (S), INtuition (N), Jung
defines eight types of Introversion and Extraversion types.

1) Thinking (T) - Introversion (I): This way of thinking focuses on subjective ideas.
2) Thinking (T) - Extraversion (E): This way of thinking focuses on the physical and
outside world.
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3) Feeling (F) - Introversion (I): Feelings are kept inside and feelings are not usually
exposed.

4) Feeling (F)- Extraversion (E): Feelings are affected by the outside world and are also
exposed.

5) Sensing (S) - Introversion (I): Reactions are based on the internal subjectivity.

6) Sensing (S) - Extraversion (E): Progresses on perceptible experiences and does not get
stuck on anything for long.

7) INtuition (N) - Introversion (I): Knowledge is based on intuitionism.

8) INtuition (N) - Extraversion (E): Connections are established with the outer world
through intuitions.

Finally, with the addition of Judging (J) and Perceiving (P) to these eight types, a total of 16 different
personalities have been generated (see Table 1).

Extraversion (E) - Introversion (1): Introversion types (1) gain their energy from within themselves
and they are mostly self-motivating. Extraversion (E) types, on the other hand, gather their energy
externally and thrive in a group environment. They are the ones to initiate a conversation in a public
atmosphere.

Sensing (S) — Intuition (N): [INtuition (N) types prefer abstract concepts and innovative thinking.
They prefer solving new problems and refrain from tasks that do not provide added value. Sensing
(S) types, on the other hand, prefer knowledge through experience and have an eye for details. They
solve problems through experiencing.

Thinking (T) - Feeling (F): Thinking (T) types mostly behave objectively and rationally when
making a decision and try to be impartial. Feeling (F) types, on the other hands, prefer social and
subjective evaluations and decide in accordance with their feelings. They also create strong personal
connections.

Judging (J) - Perceiving (P): Judging (J) types prefer being planned, organized and systematic.
Perceiving (P) types, on the other hand, do not like planning and are flexible. They are not bothered
by disorganized environments and might leave their jobs to the very last minute.

Table 1. Personality types of MBTI and Keirsey

test

ISTJ ISFJ INFJ INTJ
ISTP ISFP INFP INTP
ESTP ESFP ENFP ENTP
ESTJ ESFJ ENFJ ENTJ

(Baron,1988) mentioned that these 16 different personalities and characters are specialized in
different fields of competence, have interests in different jobs and they are successful in relevant jobs
to their personality type. Furthermore, (Keirsey and Bates, 1984) provide an emphasis on important
details regarding the process of choosing a job in the business life.

(Bush and Schkade,1985), mention that there is an abundance of use of MBT]I or Keirsey test
within the industry of software engineering. In addition to this, they argued that ISTJ type of
personality is the most prevalent one to this industry. (Turley and Bieman, 1995) also observed that
I and T factors are the most common ones among software engineers. (Gorla and Lam, 2004)
concluded that people with S and J factors are more inclined to programming work and project team
duties. As stated by (Ahmed et al. , 2012), ESTJ types are more effective in software projects due to
their extraversion characteristic, so that they can be defined as important and distinctive figure in
these projects. Specifically in projects that are custom-made for a client, with their highly-developed
social skills, ESTJ types are commonly sought after. (Martinez et al., 2010) stated that according to
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MBTI, NT types tend to be more creative than ST types. NT types see the possibility beyond the
reality, seek patterns and make connections between them. They have more capability on determining
principles through data. NT types can provide a theoretical framework and, by going beyond the
details, they make new principles visible. Research and development of software systems by using
latest technologies is more interesting for ST types. On the other hand, (Martinez et al., 2010) also
points out that many NF and SF types are happy to work with clients directly as engineers focusing
on less technical parts and parts that need more human interaction. Furthermore, (Martinez et al.,
2010) states that projects are more successful when different behavioral competencies as well as
technical competencies of system analysts, designers, programmers, testers and maintainers involved
in software lifecycle stages are taken into account. (Capretz and Ahmed, 2010) also discuss that the
studies focusing on which personality type is more suitable for what kind of software development
effort have a great importance. As there is a need for client interaction, people with high E factors are
able to empathize with the client. Despite their high technical knowledge, if there is a lack of E factor,
many software engineers might fail at being a system analyst. E and F types are able to connect and
empathize with clients much better than | and T types. F types make the client feel better while T
types might be unable to feel the needs of a client. Due to this, ENFJ, ENFP and ESFJ types are
generally chosen for customer interface sides of a project.

People working on the design side have a perspective that is holistic and wide, which enables
them to see all the components of a system. They are creative and innovative. They think abstractly,
and by having a conceptual look and modeling, they bring abstract definitions to uncertainties. Hence,
people with N factor are great designers. They conduct various tasks such as prototyping, developing
processing functions and definition of inputs and outputs. As the first phase of the design phase
requires team discussions and client interaction, designers might require similar abilities with the
analysts. That is why (Capretz and Ahmed, 2010a) claim that people with these duties require a T
factor in order to think and find the best logical solution. Programmers convert the designed version
into a program. By processing a programming language in detail, they turn a designed version into a
working one. That is the reason programmers have the ability to pay attention to details, logical and
analytical competence. Due to this, (Capretz and Ahmed, 2010a) determined that programmers with
a T factor are better than the others. Besides, they also concluded that F type people might have
difficulties meeting the expectations in programming due to the fact that they are emotional, not
logical. S type people pay attention to details and | types might stay long hours in front of a computer
without feeling the need to socialize. Hence (Capretz and Ahmed, 2010a) concluded that ISTJ and
ISTP types are better programmers.

Testers mainly find software problems. While unit tests are generally conducted by the
programmers who run the code for the first time, functionality and feature tests, interface tests,
integration and systems tests and validation tests which confirm that the software is working as a
whole are run by testers. Test strategies and steps are planned and methodical. Hence, while J types
are better at testing with their planned and orderly approach, S types are better in applications.
(Capretz and Ahmed, 2010a) also concluded that in order to provide ease of access for the client in
interface tests and for “user-friendly interfaces", E and F types are more suitable, while | types are
more suitable for working with databases or complicated tests. Generally, for user interface and user
functionality, ESFJ types are much more suitable, while ISFJ types are better in detailed system tests.
In addition to this, as system analysts are mainly ESFJ types, it is only natural that they create the test
scenarios. While ISTJ types are better with more complex tests that require more analytical thinking,
they find the role of a “programmer” more suitable for their jobs and personalities. Just like the role
of maintenance, the role of documentation also requires patience, attention and putting similar and
iterative topics on paper time and again. F types are generally preferred here in order to understand
the user needs. | types with their strong written communication skills, are more successful in
documentation. As N factor improves the imagination, design and visual presentation skills, INFJ and
INFP types are generally more successful in documenting jobs. Generally, software engineers do not
think that this is an appropriate job for their skillset, for a person who graduated as a software engineer
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who has an interest in editorship and writing, this role might be perfectly suitable. As they can manage
the main components of the software project management lifecycle, scope, time and cost, with their
extrovert qualities, ESTJ types show strong operational management qualities with their knowledge
of teamwork and their ability to keep the team together with their strong communication skills, hence
they are the best suitable type for the role of managing a software project. While projects including
research, projects that include the latest developments and innovations mainly fall into the interest
areas of N type, people who take the role of protecting and developing software systems are mainly
S types with their practical, realistic and observant qualities. Generally, S types prefer having a job
that has been proven to be successful before. Yet, on the contrary, an N type person generally prefers
to conduct a business in a way that has never been tried and tested before since they enjoy working
in a field that has never been tried and developed and requires a high level of innovative thinking and
creativity. Hence, N types are generally bored with the optimizations and small corrections that are
required in the software maintenance side, due to their preference of new projects. S types, however,
prefer jobs that require the use of established knowledge instead of developing new ideas. Also, they
are great observers and have a tendency to focus on the details. P types are mostly calm, they enjoy
searching for the possibilities and take their time deciding, yet J types are mostly determined and
impatient. Hence, for maintenance projects that require patience, sometimes monotony and recurring
“patching”, P types are more suitable. Because they are more open to changes in adaptations and they
are more sympathetic towards the constant flow of changes asked by the client. Problem-solving
ability and the applied approach of SP types are two good qualities of the maintenance projects, as
these people enjoy solving practical and defined problems. So, ESTP types provide great maintenance
software engineers. Furthermore, (Omar et al.,2015) mentions a similar study conducted in Malaysia
and in that study, INTJ, ENTJ and ISTJ types were the most prevalent ones while no ENFP types
were encountered.

3. METHODOLOGY

3.1 Participants

20 software developers (system analysts, programmers, testers, and team leaders) who have an
advanced level of English and work in the software department of a technology firm were participated
in the study. There were 16 male and four female participants with a mean age of 30.5 years. The
participants’ work experience in software industry was 8.5 years on average. Before conducting the
study, they were informed that their responses will not affect their career lives, will not be shared
with the officials in the company, and will only be used as statistical data in the article without
specifying the company and the subject name. The participants are also informed about other details
and they are free to leave anytime. Their consent is taken in a written form.

3.2 Materials

3.2.1 Proposed Test

Proposed test consists of 20 questions with two answer choices (see Appendix). These questions
aregenerated by considering project management steps of software engineering processes, agile
software development methodology, people’s activities, tasks, roles, behaviors and attitudes within
each step of a software project. Permission was taken from Istanbul Technical University Ethics
Committee (ITU_INAREK) for the whole study and proposed questionnaire.

3.2.2 Keirsey Test
Keirsey test was discussed in detail in the previous section (see Background section).
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3.2.3 Comparison Questionnaire

Comparison questionnaire was developed with four questions to compare proposed
questionnaire and the Keirsey test in terms of easiness, suitability, comfort (in terms of privacy) and
usefulness with ten-point scales (1 is “Not at all likely”, 10 is “Extremely likely”) (see Appendix).

3.3 Procedure

Firstly, the participants were informed about the study. Next, proposed and Keirset tests were
conducted in random order finally comparison questionnaire was applied. Test completion time of
each participant has been measured for the first two questionnaires.

3.4 Data Preparation and Analysis - Jung Based Software Talent Management (JBSTM)
Expert System

Jung Based Software Talent Management (JBSTM) is an expert system for effective talent
management in software industry. The system identifies each participant’s personality type by using
proposed questionnaire based on Jung’s 16 personality types. The 20 questions were developed by
creating five questions for each of the following four group pairs; E/I, S/N, T/F and J/P. The ultimate
goal of this system is to determine people’s most suitable roles in a software project by taking their
psychological type into consideration.

As shown in the following figure (see Figure 1), JBSTM has three inputs; proposed
questionnaire, Keirsey test and the comparison questionnaire. The expert system has four processes;
conducting tests and questionnaire that are inputs of the system, checking validity and reliability,
determining people’s psychological types, and matching determined psychological type with a role
in a software project. The system produces three outputs; JBSTM expert system report and results of
the Keirsey test and the comparison questionnaire.

Jung Based Software Talent Management (JBSTM) Expert System

INPUTS PROCESSES OUTPUTS

Conducting three set
of questionnaires

that are inputs of the JBSTM Expert
Proposed Test system System Report
Checking validity
and reliability -
The Keirsey The Keirsey Test
Test ::> Determining [:> Results
people’s
Comparison psychological types
Questionnaire o Comparison
Matching Questionnaire
determined
psychological type Results

with aroleina
software project

Figure 1. Jung Based Software Talent Management (JBSTM) Expert System for Talent
Management in Software Industry
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To investigate the validity and reliability of the system, the system uses compliance validity
(Alpar, 2018:502) that is comparing the results of the referenced test with the results of the proposed
test. Therefore, the system checks the outputs of the Keirsey test and the JBSTM by taking (Alpar,
2018) Pearson Correlation Coefficient (R) values into consideration (see Table 2).

Table 2. R values and definitions (Alpar,
2018)

R values Definition

0.00-0.19 No correlation

0.20-0.39 Low degree

0.40-0.69 Moderate degree

0.70-0.89 High degree

0.90-1.00 Perfect

4. RESULTS AND DISCUSSION

The Keirsey test and JBSTM in E/I, T/F and J/P revealed a moderate degree correlation based
on (Alpar, 2018) R value classification (R = 0.42 for E/I dimension, R = 0.51 for T/F dimension, R =
0.47 for J/P dimension). Only for the S/N dimension’s R is low (R = 0.1).

JBTSM and Keirsey test results were compared in terms of test completion times. On average,
20 participants responded JBSTM in seven minutes while they replied Keirsey test in 16 minutes.
This result indicates that the time participants spent answering the Keirsey test was almost twice the
time they spent answering the JBTSM.

JBTSM and Keirsey test results were also compared in terms of easiness, suitability, comfort
and usefulness (see Table 3). JBTSM acquired higher scores compared to Keirsey test in all four
aspects.

Table 3. Comparison Questionnaire Results

JBSTM Score | Keirsey Score
Easiness 157 132
Suitability 171 154
Comfort 183 167
Usefulness 165 129

The results showed that the participants found JBTSM easier and more convenient.
Furthermore, participants stated that they feel more comfortable while they were answering JBTSM.
Besides, they think that JBTSM is much more useful for the software industry than the Keirsey test.

This work is based on the observations and experiences which were derived from the software
engineering industry. Questions in the test are based on the project processes, business manners and
behaviors in software engineering and these questions were directed to the participants in the pilot
scheme.

Based on Jung, which is widely used for the validity of the test, when looking at its correlation
with Keirsey test, validity correlation was obtained in E/I, T/F and J/P types. Intentionally, or
unintentionally, the crisis period at the time of the test and the participants’ concerns about their
careers caused N weighted markings in the test. It was also concluded from the feedbacks given by
the participants that they had anxiety that would affect their career life and that they marked the way
they wanted to be seen, not as they were. The post-application feedbacks of the participants also
support this view. Therefore, it would be better to improve the questions in a way that the subjects
will not be able to feel if they are S or N.
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It is also found that the time participants spent answering the Keirsey test was almost twice the
time they spent answering the JBTSM. This result can be considered as a validation for our claim.
Since psychometric tests contain plenty of questions and they require very long time to provide
responses, software engineers do not prefer these tests.

The study results showed that the participants found JBTSM easier and more convenient.
Furthermore, participants stated that they feel more comfortable while they were answering JBTSM.
Besides, they think that JBTSM is much more useful for the software industry than the Keirsey test.
These are promising and significant results that reinforce the purpose of the development of JBTSM.

On the other hand, in practice, some difficulties have occurred within the companies which the
pilot scheme is already performed or intended to be performed. The companies are not enthusiastic
to take part in this practice on the ground of the law on the protection of personal data, as they have
encountered such cases that the subjects brought a suit against the companies following their
participation. In one of the companies that the survey was conducted, since another survey which was
going to be applied to the employees was rejected by the company because of the law, our practice
has also drawn negative reaction from some employees. The study was requested to be done remotely
from a company by using electronic devices. However, such a method is not compatible with our
pilot scheme rules. In another company, when a voluntary invite for the participation was sent to the
employees, they were not eager to attend the practice, since they had some worries about accessibility
of the results, specifically by the HR department, and the management. It can be inferred that the
resistance against the voluntary study derives from the employees’ career concerns and trust issues
with their companies.

5. CONCLUSION

Most of the software engineers feel disturbed by the psychologically-based personality tests.
Also as previously mentioned, these disadvantages are not present in an innovative and creative
approach, yet, on the contrary, by considering whether it is possible to maintain a positive approach
and trust by the software engineers, a method has been developed that is naturally adaptive to the
environment of the software engineering projects and questions were prepared in this manner.

Most of the software engineers who are working in the software industry have very strong
analytical thinking skills. Therefore, it is observed that they can manipulate the personality tests to
provide the most common and desired results. Because, they believe that the psychometric tests are
not aimed at what they do in their own business world. Moreover, they claim that the tests are
providing false results and these tests may affect their careers in a negative way. Also, as there are
plenty of questions in psychometric tests, they find them rather boring.

In conclusion, JBTSM, which has been developed due to the manipulations of introverted and
analytical software engineers who can get bored easily because of the question numbers in the
psychometric tests, has provided considerably good results in terms of validity and reliability. Also,
as expected, it has produced notably positive outcomes in terms of being easy, beneficial, and
comfortable. Within this respect, it can be inferred that JBTSM is worth studying with a high
motivation.
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APPENDIX

Proposed Test

1.

Some software projects are time-independent research projects. These are not always expected to be
finalized. Some projects are development projects where it is important to reach the target and
finalize it on time. Which one would you like to work in?

(O Research projects (O Development projects

When designing a product's database, it requires speculative thinking and considering many
possibilities in the future, such as expanding the feature set and changing technology. Coding is the
transformation of designed requirements into concrete functionality through coding. Based on these
definitions, in which role would you like to work?

(O Database design (O Caoding

The Product Owner, who manages the needs of the customers by meeting with the customers
frequently, and the Product Manager on the technical side of the project have equal authority and
rights with the projects using Agile methodology. What role would you like to work in?

(O Product owner () Product manager

Which of the following describes your physical working environment in your workplace?
O I don't mind the disorder of my desk. | may () If my desk is messy and untidy, | can't
appear disorderly to others, but in my mind, it~ focus. After getting it in order, | get to work.
has its own order.

Some software development projects are customer-specific and require frequent contact with the
customer. Some are machine-based (M2M, robotics, etc.), customer-independent software
development projects. Which project would you prefer to work on?

(O Machine-based and customer-independent (O Customer-based

There are two open positions in the software project. In the job description of the first position, the
design in which the components are constructed and associated is required, and in the job description
of the second position, the coding of the designed structure is required. Which position do you
prefer?

(O Design (O Coding

You need to make a decision to end or continue a project in progress in the unit you manage. How
do you take this decision?

(O I decide by considering how the people (O | make decisions based on data, thinking
involved in the project will be affected by the  realistically and logically.
situation.

Which of the following would suit you best when communicating with software project

teams?

O 1 prefer e-mail or convey written (O 1 choose to convey information by
information. speaking face to face.

Which of the following would you like to deal with during the design phase of a software
development project?
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10.

11.

12.

13.

14.

15.

16.

17.

18.

O Database design that can meet the features O Functional design in the process of
and functions that can be added to the product  converting current needs of customers or
in the future, and that requires fictional and users into software.
relational thinking.

In addition to the tasks, they perform themselves in software development projects, mentoring teams
are formed for the future. Which team would you like to be on?
(O Technical and professional orientation (O Project teams coordination

In which of the following tasks would you be more productive in a software project?
(O Working on a single project with clear (O Working on a project where the goal can
inputs and goals change according to new inputs

Assuming you have the same powers, fees, and rights, would you prefer to advance your career in
technical positions (API design, setting coding standards, etc.) or administrative positions (sales,
marketing, management, etc.)?
QO I prefer to advance in technical positions QO 1 prefer to advance in administrative
positions

It is important to analyze user behavior especially in mobile and web applications. Thus, it is ensured
that effective and easy designs are made that users will like and prefer. What is your level of interest
in these subjects?
(O 1 'am very interested, I would like to (O 1 am not very much interested, | prefer to
understand how users feel. focus more on technical issues.

In customer-specific software development projects, firstly, by connecting with people in different
positions on the customer side, their needs are analyzed. After the analysis, the focus is on coding
independently of the customer. In which of these processes would you prefer to be involved?

(O Requirements analysis () Coding

The following two different software pools are created in a software company. Which one would
you like to take part in?
O Pool of software developers focusing on (O Pool of software developers focused on
design and modeling optimization and quality

There are two different types of projects in a software company:

A) Long-running, extensive but routine software projects, subject to specifications, where
requirements and schedule do not change.

B) Dynamic projects where client's requirements and schedule can change.

Which project would you like to take part in?

QO Projects subject to specification, with (O Dynamic projects where client
wide-ranging requirements and schedule requirements and schedule can change
unchanged

Which of the following best describes you?

O I have many different Software (O 1 am more concerned with the

Development Project ideas and suggestions. implementation of software projects rather
than generating ideas.

API (Application Programming Interface) developers often work alone or with a small team.
Analyzing customer requirements requires working with different people on the customer side.
Which one is suitable for you?

(O Customer requirements analysis () API development
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19. Which of the following situations describes you in software development projects?
(O I am happy when | deal with multiple O I am happy when 1 work on a single
projects at the same time or when | switchto  project and complete my work.
New projects.

20. Which of the following two tasks in the software project is suitable for you?

(O By meeting with the customer, feeling the (O To take part in the development of the
urgency of the features s/he needs and ensuring scope and software decided at the sprint
that the scope of the sprint is determined meeting.

accordingly.

COMPARISON QUESTIONNAIRE

Your comments about the inventory:

(A) with 20 questions

(B) with 70 questions

Can you rate the following expressions by giving values from 1 to 10?

Ease of making decisions when ticking choices (10: Very easy, 1: Not easy)

OA (... ) OB(.......... )

OA (... ) OB(.......... )

The extent to which the questions made you feel comfortable in terms of privacy (10: | felt very
comfortable, 1: I did not feel comfortable)

OA (......... ) OB(.......... )

OA (......... ) OB(.......... )

161



Uluslararas1 Yonetim Bilisim Sistemleri ve Bilgisayar International Journal of Management Information Systems
Bilimleri Dergisi, 2022, 6(2): 162-171 and Computer Science, 2022, 6(2): 162-171

Covid-19 Pandemisi Doneminde Ogrencilerin Uzaktan Egitimde Yasadiklar
Sorunlarin Kelime Bulutu ve Gizli Anlamsal Dizinleme Yontemleriyle Tespit

Edilmesi *

***

Determination of the Problems Experienced by Students in Distance Education
During the Covid-19 Pandemic Period with Word Cloud and Latent Semantic

Indexing Methods

Halit IRMAK!
DOI:10.33461/uybisbbd.1214562 Ziimriit ECEVIT SATI?
Makale Bilgileri Oz
Makale Tiiri: ~ COVID-19'un tiim diinyada hizla yayimasi, bir¢ok iilkenin egitim kurumlarini gecici olarak
Aragtirma Makalesi — xonama ve uzaktan egitime ge¢me karari almasina neden olmustur. Zaman ve mekan kisitlamasi
Gelis Tarihi: olmaksizin uygulanabilen uzaktan egitim modeli bu siiregte egitimin siirdiiriilebilirligi acisindan
05.12.2022 faydalr olmustur. Ancak, herhangi bir én hazirlik yapimadan uzaktan egitime ani gegis yapimasi
beraberinde birtakim sorunlart da ortaya ¢ikarmistir. Bu baglamda, uzaktan egitim siireglerine
Kabul Tarihi: katkt saglamasi agisindan bu siiregte yasanan sorunlarin tespit edilmesi 6nem arz etmektedir. Bu
28.12.2022

©2022 UYBISBBD

Tiim haklar1 saklidir.

Article Info

Paper Type:
Research Paper

Received:
05.12.2022

Accepted:
28.12.2022

©2022 UYBISBBD
All rights reserved.

calismanmin amaci, COVID-19 pandemisi déneminde égrencilerin uzaktan egitimde yasadiklar
sorunlart giincel metin madenciligi yontemleri ile tespit etmektir. Bu amagla égrencilerin uzaktan
egitim stirecindeki destek kayitlarina ait metinler toplanarak bir veri havuzu olusturulmus ve bu
veriler metin madenciligi yontemlerinden olan Kelime Bulutu ve Gizli Anlamsal Dizinleme (GAD)
teknikleri ile analiz edilmistir. Analiz sonucunda, uzaktan egitim sistem altyapisindan kaynaklandigt
anlasilan sorunlar (derslerin sistemde goriilmemesi, acilmamasi, ses sorunlari), internet, sinav ve
odev ile ilgili sorunlar, en ¢ok one ¢ikan sorunlar olarak tespit edilmistir.

Anahtar Kelimeler: Metin Madenciligi, LSI, Kelime Bulutu, Uzaktan Egitim, COVID-19

Abstract

The rapid spread of COVID-19 all over the world has caused many countries to decide to
temporarily close their educational institutions and switch to distance education. The distance
education model, which can be applied without time and space restrictions, has been beneficial for
the sustainability of education in this process. However, the sudden transition to distance
education without any preliminary preparation has also revealed a number of problems. In this
context, it is important to identify the problems experienced in this process in order to contribute
to distance education processes. The aim of this study is to identify the problems experienced by
students in distance education during the COVID-19 pandemic with current text mining methods.
For this purpose, a data pool was created by collecting the texts of students' support records in the
distance education process and these data were analyzed with Word Cloud and Latent Semantic
Indexing (LSI) techniques, which are text mining methods. As a result of the analysis, the problems
that were understood to be caused by the distance education system infrastructure (courses not
being seen or opened in the system, audio problems), internet, exam and homework problems were
identified as the most prominent problems.

Keywords: Text Mining, LSI, Word Cloud, Distance Education, COVID-19.
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1. GIRIS

Insanin iginde bulundugu cevreye uyum saglamasi ve farkli gevrelerdeki gereksinimleri
gidermesi yasami boyunca edinmis oldugu 6grenmelere baglidir. Bu acgidan bakildiginda insanlarin
yasamlar1 boyunca 6grenmesi bireysel ve toplumsal bir gereklilik olarak goriilmektedir. Bu gereklilik
nedeniyle egitmenlerde Onemli bir gorev {istlenerek gerekli Ogrenim ortamin1 saglamaya
caligmaktadirlar (Kaya, 2002). Egitimi toplumun her kesimine ulastirmak ve bdylece hem bireylerin
hem de toplumun egitim seviyesini yiikseltmek amactyla uzaktan egitim sisteminin gerekli oldugu
goriilmektedir (Aric1 ve Yekta, 2005). Uzaktan egitim zaman ve mekandan bagimsiz olarak isteyen
herkese yasam boyu 6grenme firsati sunan bir egitim sistemi modelidir. Glinlimiizde bilgi ve iletisim
teknolojilerinin yogun olarak kullanildigi uzaktan egitimde O6grenenler daha ¢ok kendi kendine
ogrenme saglamaktadir (Isman, 2011; Kaya, Erden, Cakir ve Bagirsake1, 2004).

Uzaktan egitim, bilgi ve iletisim teknolojilerindeki gelismelerin yarattigi firsatlar sayesinde
bircok onemli gelisme gostermistir. Bu gelismelere 6rnek olarak, zamandan ve mekandan bagimsiz
egitim firsatinin saglanmasi, kendi hizinda ilerleme, dijital ortamlarda depolanan tiim egitsel
iceriklere hizl1 ve kolay erisimin olmasi gosterilebilir. Uzaktan egitim, herkesin 6grenme imkanlarini
arttirmasinin yani sira, daha verimli bir egitim ortami olusturmak i¢in Ogrencilerin dgrenme
deneyimlerini gelistirmelerine de yardimci olmaktadir (Deveci, 2019). Ayrica Ogrencilere ulasilabilir
ve kaliteli bir egitim ortami saglamak i¢in uzaktan egitim maliyetleri diistiriirken kaliteli bir egitim
ortami saglayarak 6grencilerin ve egitmenlerin her an erigebilecekleri ¢evrimigi ortamlari kullanarak
ogrenmeyi kolaylastirmaktadir. Bu sayede 6grenciler istedikleri kadar ve istedikleri zaman 6grenme
etkinliklerine katilabilmekte ve kendi 6grenme hizlarinda ilerleyebilmektedirler (Ozbay, 2015).

Diinyada yasanan COVID-19 pandemisi sonrasi bir¢ok lilkede yiiz ylize yapilan egitimler
durdurulmus ve uzaktan egitime gecis yapilarak egitime devam edilmistir. Cin’in Hubei eyaleti
Wuhan sehrinde ortaya ¢iktig1 ifade edilen COVID-19 salgmini, Cinli uzmanlar Diinya Saglik Orgiitii
Cin Ofisine 2019 aralik ayinda bildirmistir (Dikmen ve Bahgeci, 2020; T.C. Saglik Bakanligi, 2020).
Yasanan bu gelisme sonras1 Tiirkiye’de 2020’nin baslarinda yiiz yiize egitimin durdurulmas karari
almmis ve uzaktan egitim sistemine tamamiyla gecis yapilmistir. Uzaktan egitimin sagladigi
avantajlar sayesinde hemen hemen her diizeyde egitim herhangi bir aksama olmadan stirdiiriilmiistiir.
Ancak uzaktan egitimin avantajli yonlerine ragmen bazi1 dezavantajlari da bulunmaktadir. Bunlarin
basinda uygulama derslerinin islenme zorlugu, ilk yatirnrm maliyeti, sistem hatalari, 6grencilerde
gorlilebilen motivasyon diisiikliigli ve teknoloji kullanim1 konusunda yeterli bilgi ve deneyime sahip
olmayan kisilerin teknoloji tabanli uzaktan egitim sistemlerinden yeterince verim alamamasi gibi
farkli sorunlar goriilebilmektedir (Altunsoy, 2019; Unliikahraman, 201 1).

Uzaktan egitimde karsilagilan sorunlarin tespit edilmesinde veri madenciligi yontemleri
kullanilabilmektedir. Veri madenciligi ham veriden anlam ¢ikarma, daha 6nceden bilinmeyen gegerli
ve uygulanabilir bilgilerin elde edilmesi amaciyla istatiksel teknikleri ve makine 6grenmesi
algoritmalarmi kullanan bir yontemdir (Celik, 2009). Veri madenciligi biiyiikk veri yiginlarindan
anlaml veriler elde etme, Ongoriide bulunma ve daha once hi¢ akla gelmemis diisiiniilmemis
sonuglart ortaya koymasiyla diger yontemlerden farklilik gostermektedir (Silahtaroglu, 2016).
Uzaktan egitim sistemlerinde yasanan sorunlara yonelik 6grenci ve akademisyenlerin sistem lizerinde
olusturduklar1 destek kayitlar1 birer metin verisi olarak sistemde saklanmaktadir. Metinsel veriler,
veri madenciliginin bir alt alan1 olan metin madenciligi yontemi ile analiz edilebilmektedir. Metin
madenciligi, biliylik metin verilerini kullanarak anlam c¢ikarmaya ¢alisan bir veri madenciligi
yontemidir (Hossain, Karimuzzaman, Hossain ve Rahman, 2021).

Glinlimiizde yaygin uygulama alani bulan metin madenciligi yontemlerinden biri olan konu
modelleme yontemleri sayesinde bir metindeki gizli veya agik konular tespit edilebilmekte ve bu
sayede arastirmacilar kisa siirede konu ile ilgili fikir sahibi olabilmektedir (Kaya ve Giilbandilar,
2022). Uzaktan egitimde 6grencilerin yasamis olduklar1 sorunlarin tespiti ve bu konuda bilgi sahibi
olunmasi, uzaktan egitim siireglerinin iyilestirilmesi bakimindan énemlidir. Bu ¢alismada, COVID-
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19 pandemisi doneminde &grencilerin uzaktan egitimde yasadiklari sorunlarin metin madenciligi
yontemleri ile tespit edilmesi amaglanmistir. Bu amag¢ dogrultusunda metin madenciligi
yontemlerinden olan Kelime Bulutu ve Gizli Anlamsal Dizinleme (GAD) teknikleri ¢alismada
kullanilarak metinsel veriler analiz edilmistir. Glincel metin madenciligi yontemlerinin kullanilarak
uzaktan egitimde 6grencilerin yagamig olduklari sorunlarin analiz edilmesi ¢alismanin 6zgiin yontinii
olusturmaktadir.

2. YONTEM

Metin madenciligi, e-ticaret, turizm, bankacilik ve siyaset gibi verinin oldugu bir¢ok farkli
alanda kullanilmaktadir (Y1lmaz ve Aslan, 2020). Egitim alaninda da metin madenciligi ¢calismalar1
popliler bir konu olmakla birlikte hem iilkemizde (Onan, 2021) hem de yurtdisinda bu alanda
caligmalar yapildig1 goriilmektedir (Meneses 111, Cantilang, Dala ve Madeja, 2021). Uzaktan egitim
ogrenci destek verilerinin kullanildigi bu ¢alismada veri madenciligi yontemlerinden biri olan metin
madenciligi yontemi tercih edilmistir. Veriler Tiirkiye’de bulunan bir devlet iiniversitesinden temin
edilmis ve ¢alismada 2020-2021 bahar donemine ait 6grenci destek kayitlar: kullanilmigtr.

3. VERI ON ISLEME

Elde edilen metinler iizerinde analizlerin yapilabilmesi i¢in metin 6n isleme yapilmistir. Tim
metinlerin kii¢iik harflere doniistiiriilmesi, sapkali 0zel karakterlerin diizeltilmesi, url, tarih ve
sayilarin kaldirilmasi, tiim noktalama isaretleri ve tek basina bir anlam ifade etmeyen baglac, edat ve
zamirlerin kaldirilmast veri 6n isleme basamaginda yapilmasi gereken Onemli bir basamaktir
(Bostanci ve Albayrak, 2021). On isleme ham veri iizerinde islenen, bilginin toplanmasi ve
basitlestirilmesinde kritik 6neme sahip bir adimdir (Hossain ve digerleri, 2021).

4. VERI ANALIZi

Calismada, metin madenciligi yontemlerinden olan Kelime Bulutu ve Konu Modelleme
yontemleri kullanilmistir. Kelime bulutu, metinde gecen kelimelerin frekans degerlerine gore bir
gorsel olusturmaktadir. Bu yontem sayesinde metnin gorsel bir Ozeti olusturulmakta ve veri
gorsellestirilebilmektedir. Veri gorsellestirme, herhangi bir verideki soyut kavramlarin belirli
frekanslara gore diizenlenerek somut bir forma doniistiiriilmesi ve boylelikle gorsel bir forma doniisen
metinlerin kolay anlagilir ve yorumlanabilir hale getirilmesidir (Kiiclikkartal, 2020). Veri
gorsellestirme amaciyla kelime bulutlart siklikla bagvurulan bir yontemdir (Temizhan ve Mendes,
2021). Metin madenciliginin alt alanlarindan biri olan konu modellemede ama¢ metinlerde gecen
gizli veya acik konulart tespit etmektir (Kaya ve Giilbandilar, 2022). Konu modelleme teknigi olarak
Gizli Anlamsal Dizinleme (Latent Semantic Indexing) teknigi kullanilmustir. Gizli Anlamsal
Dizinleme’de (GAD) anlam bakimindan birbirine yakin kelimelerin benzer metin parcalarinda
gecgecegi varsayllmaktadir (Casillano, 2019). Bu teknik sayesinde bir metinde yer alan gizli tema ve
konular ortaya cikartilarak metnin genel fikri ortaya ¢ikarilabilmektedir (Meneses III, Cantilang, Dala
ve Madeja, 2021). Metin madenciligi asamasinda izlenen adimlar Sekil 1’de sunulmustur.
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Metin dosyas

On Igleme Bncesi )
= kelime Bulutu

On Izleme Yapiimasi

Kelime Bulutu Konu Modelleme

Dederlerlendirme
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Sekil 1 Metin Analizi Adimlari

5.BULGULAR

Elde edilen veriler on isleme ¢aligmalarina tabi tutulmus, sonrasinda kurulan model yardimuyla
analiz edilmistir. On isleme Oncesine ait kelime bulutu Sekil 2°de gosterilmistir.
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Sekil 2 On Isleme Oncesi Olusturulan Kelime Bulutu

Kelime bulutlarinda olusturulan kelimeler metin igerisindeki kullanim sikliklarina (frekans)
gore bulutun merkezinde ve biiyiik puntolarla gosterilmektedir (Karadal ve Saygin, 2016). Kelime
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bulutlari, metindeki kelimelerin frekansina dayali bir veri gorsellestirme yontemidir (Temizhan ve
Mendes, 2021). On isleme 6ncesi olusturulan kelime bulutuna bakildiginda baglag, noktalama
isaretleri, soru ekleri gibi kelimelerin metin icerisindeki frekanslarinin fazla olmasindan dolay1
kelime bulutunun merkezinde yer aldig1 goriilmektedir. Bu haliyle bir degerlendirmenin yapilmasi
bir anlam ifade etmeyecegi ve On islemenin gerekliligi boylece bir kez daha gortilmektedir. Kelime
bulutu yontemi sayesinde metnin kolay anlasilir bir gorsel 6zeti olusturulurken ayn1 zamanda metin
ile ilgili genel bir diisiince, anlam ¢ikarilabilmektedir (Hossain ve digerleri, 2021). Bu yiizden kelime
bulutu olusturulurken 6n islemenin yapilarak kelime bulutlarinin olusturulmasi genel fikri bulmak ve
anlam cikarmak i¢in cok onemli bir basamaktir. On isleme calismalar1 sonrasi yeniden bir kelime
bulutu olusturulmustur (Sekil 3).
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) ! ebr aydini olamadim

sifre degistirilmedi  hic sistemden sistem giris sinavima

. ac pdf
herhangi ders odewmlders' kat||am|yorumkabu\ etmiyor

alms sistemine

I d ird
el yukleyemiyorum e
sikint yapabilirjm telefon sis‘temgemg‘mn
yukle picpir SOru sisternine bende sorunun alamadim
DIl pare s - goru nmuyor . d beni -
hdonusglremlyorumo arz girdim_ benim girince
ha\dzergﬁam;zln Oruntu I nte rn et herhangi dilerim
elmiyorvize
dersi etmiyordelgsn . bana a | I I IS SI n aV | dkeSI|dI tarihleri
sistem bana online soyledi

olabilirgorustumkant: e
Irkac
oluyor aciliyor

. y < . i Slnlf videolari
rica a;lad!‘g’;r; : S|Stemde S I Ste m OsedS|eCé/k once konul\z@medead a\n

atasi yavashgskg orem |yo rum den:;‘é'q”g‘;'ﬁ?‘ﬂ odevlerimi

derslerde edem\'yorum b|d 1 veriyor

soyle goruntlusllljllg]g%)rll«g\%dgyayfa d Sifre donem s\stem\mdye

kaydimi . d
\ ediyorumbilmiyorunms, Prooia i,
gecmis yapilmasini calismalar

baglaninca ;
yazlyorum programini goremiyorum yasiyerumistemsel

bilgi d . .
dl grsayarda 90rdu9umsenkromzasyon online ders
egistiremiyorum pende gorunmuyor

degistiriimediarz ediyorum degistiremiyorum surekli
yukleyemedim

Sekil 3 On Isleme Sonrasi Olusturulan Kelime Bulutu

On isleme sonrasi olusturulan kelime bulutuna ait frekans degerleri (ilk 10 kelime) Sekil 4’te
gosterilmistir. Kelime bulutuna ait sekil 3 ve sekil 4’e bakildiginda 6grencilerin en ¢ok derslerle ilgili
sorun yasadiklar1 goriilirken, devaminda Ims (Learning Management System) sistemi, sinav
uygulamasi, internet baglantisi ve 6dev konularinda sorun yasadiklar1 goriilmektedir.
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Kelime bulutu ¢aligsmalar1 sonrasi metinde gecen gizli veya agik konularin ortaya ¢ikarilmasi
amaciyla GAD teknigi uygulanmistir. GAD analizinde bes konu (tema) olusacak sekilde ayarlama
yapilmigtir. GAD analizi sonrasi olusturulan konulara iliskin anahtar kavramlar Tablo 1’de
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Sekil 4 Kelime Bulutunda Gegen (ilk 10) Kelimelere Ait Frekans Degerleri

Tablo 1 GAD Teknigi Kullanilarak Olusturulan Anahtar Kavramlar

ders, kaydini, ders NNS kaydini, olamadim, kaydin1 VBP olamadim, derse, olur, sistemde,

sinav, sinava, sistem, doldu, hakkin, hakkin NN doldu, yazisi, yenileme, hakkiniz, sayfa

sorun, yapabilirsiniz, yukleme, giris, ders, sisteme, uzerinden, pdf, sisteme_NN giris, odevi

sunulmustur.
Konu  Anahtar Kavramlar
1 derse, ag, ag_JJ dan, dan, sorun, ders, giris, sorunu, alms, girdigim
2
gorunmuyor, sistemde_NN gorunmuyor
3
4
5

GAD teknigi sonrasi bes konu ve on anahtar kavram otomatik olarak olusturulmustur. Analiz
sonrasi ortaya ¢ikan anahtar kavramlardan yola ¢ikilarak temalar olusturulmus ve bu temalar Tablo

smava, giris, hakkin, doldu, yazisi, hakkin NN doldu, sistem, internet, ogrenci, hata

2’de sunulmustur.

Tablo 2 Konu Anahtar Kavramlarindan yola Cikarak Olusturulan Temalar

Konu Anahtar Kelimeler Tema
1 derse, ag, ag_JJ dan, dan, sorun, ders, giris, | Ag (internet) sorunundan kaynakli Ogrencilerin uzaktan
sorunu, alms, girdigim egitim sistemine, derslere girememesi sorunu
ders, ~kaydmni, — ders NNS kay dun, Ders kaydr sorunu veya senkronizasyon sorunundan dolay1
2 olamadim, kaydini_VBP olamadim, sistem,
0 = derslere katilamama
derse, olur, sekilde, olur NN musunuz
sinav, sinava, sistem, doldu, hakkin,
3 hakkin NN doldu, yazisi, yenileme, | Cevrimici sinav uygulamasinda yasanan sorunlar.
hakkiniz, sayfa
sorun, odev yukle, yukleme, alms, ders, e . . . o
4 sisteme, uzerinden, pdf, sisteme_ NN giris, gizrzl;tlzr; egitim sistemine 6dev dokiiman yiikleme ile ilgili
odevi
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smava, giris, hakkin, doldu, yazsi,
5 hakkin NN doldu, sistem, internet, ogrenci, | Sinav uygulamasi ile ilgili internet kaynakli sorunlar
hata

6. TARTISMA VE SONUC

Bu calismada, 6grencilerin uzaktan egitim siirecinde yasadiklar1 sorunlarin metin madenciligi
yontemleri ile tespit edilmesi amaglanmistir. Bu amag¢ dogrultusunda metin madenciligi
yontemlerinden olan kelime bulutu ve GAD teknikleri ¢alismada kullanilarak metinsel veriler analiz
edilmistir. Veri gorsellestirme amaciyla kelime bulutunun olusturulmasi bulgularin daha kolay
anlasilmasini saglamistir. Veriler GAD teknigi ile analiz edilerek anahtar kavramlar olusturulmus ve
sonrasinda anahtar kavramlardan yola ¢ikilarak temalar olugturulmustur.

Pandemi salgin1 nedeniyle diinyada bir¢ok iilkede uzaktan egitim sistemine gecilmis ve yiiz
ylize egitime ara verildigi goriilmiistiir. Ancak yasanan bu hizli gecisle birlikte uzaktan egitimde
¢esitli sorunlar ortaya ¢ikmustir (Alhazmi, 2022; Caliskan ve digerleri, 2020). Ogrencilerin bu siiregte
yasadiklar1 sorunlarin tespiti iizerine yaptigimiz bu ¢alismada, metin verilerinden olusturulan kelime
bulutu Sekil 3’te ve kelime bulutunda en ¢ok frekansa sahip ilk on kelime Sekil 4’te sunulmustur.
GAD teknigi sonras1 ortaya ¢ikan anahtar kavramlara iliskin bulgular Tablo 1°de ve bu anahtar
kavramlardan yola ¢ikilarak olusturulan temalar Tablo 2’de sunulmustur.

Ogrencilerin pandemi déneminde uzaktan egitimde yasadiklar1 sorunlara baktigimizda:
LMS’de yer alan derslerin agilmamasi, derslerin izlenmemesi, ses sorunlari, ders kaydi ve ders
kaydini yaptiklart derslerin LMS iizerinde goriinmemesi sorunlarindan dolay1 6grencilerin derslere
katilamadig1 ve bu konuda c¢ok bagvuru yaptiklari anlagilmaktadir. Alanyazinda yapilan benzer
caligmalarda bu sonuglar desteklenmektedir (Ayyildiz ve Zahal, 2022; Baykal ve Tutuncu, 2022).
Ayyildiz ve Zahal’in (2022) pandemi doneminde iiniversitelerde uzaktan egitim ile verilen gitar
egitiminin, gitar egitimcilerinin goriislerinden yola ¢ikarak inceledikleri ¢alismada ses sorunlari,
internet/baglant1 sorunlarmi tespit ettikleri goriilmiistiir. Benzer sekilde Baykal ve Tutuncu’nun
(2022) saglik bolimii 6grencilerinin online egitime yonelik duygu, diisiince ve deneyimlerinin
betimlendigi ¢aligmalarinda, 6grencilerin kendilerinden, sistemden ve az da olsa egitmenlerden
kaynakli sorunlar yasadiklar tespit edilmistir.

Internet baglantisindan kaynaklanan sorunlar 6grencilerin yasadiklari bir diger énemli sorun
olarak karsimiza g¢ikmaktadir. Alanyazin incelendiginde benzer tespitlerin yapildig1 calismalara
rastlanmaktadir (Salomao, Ricardo ve Ortiz, 2021; Tarrayo, Paz ve Gepila, 2021). Salomao, Ricardo
ve Ortiz’in (2021) COVID-19 siirecinde uzaktan egitimin analizine yonelik 1082 Ogrenci ile
yaptiklart ¢aligmada 6grencilerin 43%’linlin maddi kaynak yetersizligi ve internet erisim sorunu
yasadiklarini tespit etmislerdir. Tarrayo, Paz ve Gepila (2021) pandemi ortaminda esnek 6grenmenin
avantaj, dezavantaj, sorunlar1 ve iyilestirilmesi gereken noktalarinin neler olduguna yonelik 38
Filipinli ingilizce bolimii akademisyeniyle anket ve odak grup goriismesi seklinde yaptiklari
caligmada katilimcilar belirtmis olduklar1 diger sorunlarla birlikte yeterli internet kaynaklarinin
saglanmas1 gerekliligini vurgulamiglardir.

Ogrencilerin gevrimici smavlar ile ilgili sorun yasadiklar tespit edilmistir. Ilgili alanyazina
bakildiginda (Romaniuk ve Lukasiewicz-Wieleba, 2021; Valizadeh, 2022) ¢evrimigi sinavlarla ilgili
benzer tespitlerin yapildigr goriilmektedir. Romaniuk ve Lukasiewicz-Wieleba (2021), Maria
Grzegorzewska Universitesi’nde pandemi déneminde birinci ve ikinci sinavlar sonrasi dgrenci ve
akademisyenlerle tekrarl anket calismasi yapmislardir. Aragtirmada 6grencilerin ¢evrimigi sinavlarla
ilgili kat1 zaman kisitlamalar1 ve dikkat dagitici unsurlari olumsuz durumlar olarak ifade ettikleri, her
iki grubun da smav sirasinda yasanan teknik sorunlari ciddi sorunlar olarak ifade ettikleri
belirlenmistir. Valizadeh’in (2022) Tirk yiiksekdgretim 6grencilerinin  ¢evrimigi  dgrenme
programlarinda kopya c¢ekmeye iliskin, Ogrencilerin algilarint ve ¢ozlimlerini vurgulamay1
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amacladigi ve 163 6grenci ile yaptig1 ¢alismada bazi 6grencilerin yasanan teknik sorunlardan dolay1
bu konuda bir sey yapilamayacagini agikga belirttikleri tespit edilmistir.

Ogrencilerin karsilasmis oldugu bir diger sorunun ise ddevlerle ilgili sorunlar oldugu sonucuna
varilmistir. Alanyazin incelendiginde, odevlerle ilgili benzer tespitlerin yapildig1 calismalara
rastlanilmistir (Elgigek, 2022; Kiirtiinci ve Kurt, 2020). Elgi¢ek’in (2022) COVID-19 pandemisi
doneminde, uzaktan egitim faaliyetlerinde karsilasilan engellere yonelik yapmis oldugu meta-sentez
caligmasinda, artan 6dev yiikleri nedeniyle dgrencilerin zorlandigi ve 6devlerin 6grencilerde stres
olusturdugu tespitinde bulunmustur. Benzer sekilde Kiirtiin ve Kurt (2020) tarafindan yapilan
caligmada, internet ve bilgisayar konusunda yasanan sikintilar ve bu konudaki kisitli imkanlardan
dolay1 derslerin takibi ve 6dev konularinda 6grencilerin sikint1 yasadigi tespit etmislerdir. Bu sonuglar
calisma sonuc¢larimizi destekler niteliktedir.

Sonug olarak, pandemi doneminde Ogrencilerin uzaktan egitimde agirlikli olarak sistem
altyapisindan kaynakli sorunlar yasadiklar1 goriiliirken, internet erigimi, sinavlar ve 6devlerle ilgili de
sorun yagsadiklart gorilmiistiir. Uzaktan egitim faaliyetlerinin sorunsuz veya en az sorunla
stirdiiriilebilmesi igin sistem altyapisinin giiclendirilmesi ve ders donemi baslamadan Once ses
kontrolleri, canli ders ve arsiv ders testleri basta olmak {izere tiim sistem testlerinin yapilmasinin
yararli olacagi diistiniilmektedir. Ders donemi baglamadan 6nce yapilmasi gereken bir diger 6nemli
husus ise 0grenci bilgi sistemi otomasyonun da bulunan 6grenci, akademisyen ve derslerin LMS
sistemine aktarilmasi ve bu iki sistem arasindaki senkronizasyonun siirekliliginin saglanmasidir.
Sinav ve d0dev uygulamalarinda Ogrencilere yeterli silirenin taninmasi ve smav uygulamasinda
karsilasilabilecek sorunlara yonelik bir alternatif planin yapilmasi 6grenci motivasyonun saglanmasi,
Ol¢me ve degerlendirme siireclerinin dogru bir sekilde islemesi agisindan 6nemlidir. Bununla birlikte
hem okullarda hem de {ilke genelinde internet altyapisinin iyilestirilmesi ve karar vericilerin bu yonde
politikalar gerceklestirmesi uzaktan egitimde internet kaynakli sorunlarin giderilmesi gerekliligini
ortaya koymaktadir. Calismada elde edilen bir diger sonug uzaktan egitim siireclerinde uzaktan egitim
birimi, liniversite yonetimi, bilgi islem ve 6grenci isleri birimlerinin koordineli olarak birlikte
calismasi ve hareket etmesinin siirecin etkinligini artmada 6nemli bir rol oynadigidir.
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