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Tiirkiye Cografi Bilgi Sistemleri Dergisi

AMAC

Tiirkiye Cografi Bilgi Sistemleri Dergisi bilim ve teknolojideki gelismelere paralel olarak Cografi Bilgi

Sistemleri alaninda yeni gelismelerle ilgili yapilan ¢alismalar1 yayinlayan bir dergidir.

KAPSAM

Cografi Bilgi Sistemleri (CBS) mekansal verinin ve mekansal bilginin kayit altina alinmasi, islenmesi,
analizi, yonetilmesi ve sunumu icin gelistirilen bir sistemdir. Giintimiizde CBS tarim, arkeoloji, kutup
calismalari, havacilik, ulasim, iklim degisikligi, su¢, savunma, afet, ekoloji, egitim, ¢evre, orman, jeoloji
uygulamalarin1 da kapsayacak sekilde 1000’den fazla alanda etkin olarak kullanilmaktadir. Modern
diinyada pek ¢ok disiplinin parcasi haline gelmis olan CBS iilkemizde de gerek 6zel gerekse kamu
kurumlar tarafindan yaygin kullanim alanina sahiptir. Tiirkiye Cografi Bilgi Sistemleri Dergisi yiikselen
bir trend olan CBS’nin teknolojideki gelismeleri dikkate alarak gerek akademik gerekse 06zel sektor
arasindaki bilgi paylasimlarini1 desteklemeyi, ayrica geng arastirmacilara da ¢alismalarini sunabilecekleri

bir platform olusturmay: amaglamaktadir.

Tiirkiye Cografi Bilgi Sistemleri Dergisinin kapsamz;

e  Sorgulama Islemleri, Optimizasyon
e  Kartografya ve Jeodezi

e 3 Boyutlu Modelleme, Simiilasyon
e  Mekansal Bilgi

e Veri Paylasimi, Giivenlik

e  Standartlar, interoperabilite

e  Konumsal Veri Altyapisi

e Topoloji

e  Mekéansal Verilerin Saklanmasi,
indekslenmesi

e  Karar Destek Sistemleri

e  Web Uygulamalari

e  Mobil Servisler

e  Mekansal Veri Tabani Yonetim Sistemleri
e  Mekansal Veri Kalitesi

e  Biiyiik Veri (Big Data)

e  Mekansal Analiz

e  Mekansal Bilgi Yonetimi

e  Ekolojik ve Cevresel Uygulamalar

Sehir Ve Bolge Planlama
Uygulamalari

Tarim ve Toprak Uygulamalari
Kent Bilgi Sistemleri

Enerji Bilgi Sistemleri

Kiy1 Yonetimi

Dogal Kaynaklarin Yonetimi
Endiistriyel Uygulamalar

Afet Yonetimi

iklim Caligmalar1

Lojistik Uygulamalar1
Mekansal Veri Madenciligi

Kadastro Uygulamalart......



POLITIKA

Tiirkiye Cografi Bilgi Sistemleri Dergisi

Cografi Bilgi Sistemlerine ait kuramsal ve uygulamali arastirma, tarama-inceleme-derleme, bildiri, vaka
calismasi, kisa rapor ve editore mektup niteliklerinden birine uygun eserler hakem degerlendirmesinden
yayinlanabilir olduguna dair karar verildikten sonra yayimlanir. Yazim kurallarina uygun olarak
hazirlanan eser, dergi editorliigiince degerlendirme i¢in hakemlere gonderilir. Tirkiye Cografi Bilgi
Sistemleri Dergisi’nde KOR HAKEMLIK uygulamas1 mevcuttur.
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AIM

Turkish Journal of Geographic Information Systems in the field of Geographic Information Systems in
parallel to the developments in science and technology magazine is a magazine published studies on new

developments.

SCOPE

Geographic Information Systems (GIS) is a system developed for the recording, processing, analysis,
management and presentation of spatial data and spatial information. Today, GIS is used effectively in more
than 1000 areas including agriculture, archeology, polar studies, aviation, transportation, climate change,
crime, defense, disaster, ecology, education, environment, forest, geology applications. GIS, which has
become a part of many disciplines in the modern world, has widespread use by both private and public
institutions in our country. Turkish Journal of Geographic Information Systems academic requirements,
taking into account developments in technology as well as support the sharing of information between the

private sector, also aims to create a platform to present their work to the young researchers.
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¢ 3D Modeling, Simulation
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¢ Data Sharing, Security

Standards, Interoperability
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¢ Decision Support Systems
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* Mobile Services

« Spatial Database Management Systems
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 Spatial Analysis

« Spatial Information Management
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6 Subat 2023 Kahramanmaras depremleri (Mw 7.7 ve Mw 7.6) sonrasinda Tiirkiye’'de
meydana gelen depremlerin (Mw=4) cografi bilgi sistemleri ile mekansal analizi

Yasin Demirel”, Tarik Tiirk*!

1Sivas Cumhuriyet Universitesi, Miihendislik Fakiiltesi, Harita Miihendisligi Béliimii, Sivas, Tiirkiye

Anahtar Kelimeler
Deprem,

CBS,

Kiimelenme,
Mekansal Istatistik,
Mekénsal Analiz

0z

Insanlar cok eski caglardan beri dogal afetler ile karsilasmakta ve dogal afetlerin olusturdugu
sorunlara maruz kalmaktadir. Ulkemiz bulundugu topografik, jeolojik ve iklim kogullarina
baglh olarak dogal afetlerle siirekli olarak karsi karsiya olup iilkemizde en ¢ok can kaybina
sebep olan dogal afet tiirlerinden birisi de depremlerdir. Bu nedenle iilkemizde meydana gelen
depremlerin siirekli olarak analiz edilmesi ve bu depremler nedeniyle ortaya g¢ikan
problemlerin ¢6ziimii icin ileriye yonelik tedbirlerin alinmasi hayati éneme sahiptir. Bu
calismada Tiirkiye’de 6 Subat 2023 ile 8 Nisan 2023 tarihleri arasinda meydana gelen Afet ve
Acil Durum Yonetimi Baskanlig1 (AFAD) kayitlarina gore Mw 4’den biiyiik olan depremlerin
meydana geldigi konum dikkate alinarak mekansal dagilimlari ilge sinir1 seviyesinde CBS
ortaminda analiz edilmis ve mekansal istatistiksel testler (Getis-Ord General G, Global Moran’s
I, Anselin Local Moran'’s I ve Getis-Ord Gi*) kullanilarak kiimelenmeleri ortaya konulmustur.
Boylece mevcut depremler hesaba katilarak ileriye yonelik kentsel planlama ¢alismalari ve
alinmasi gereken 6nlemler konularinda karar vericilere saglanacak destek bakimindan 6nemli
sonuglar elde edilmistir.

Spatial analysis of earthquakes (Mw=24) in Tiirkiye after 6 February 2023 Kahramanmaras
earthquakes (Mw 7.7 and Mw 7.6) with geographical information systems

Keywords

Earthquake,

GIS,

Clustering,

Spatial Statistic,

Spatial Analysis
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ABSTRACT

People have been encountering natural disasters since ancient times and are exposed to the
problems caused by natural disasters. Our country is constantly faced with natural disasters
depending on the topographic, geological and climatic conditions. One of the natural disasters
that cause the most loss of life in our country is earthquakes. For this reason, it is of vital
importance to continuously analyze the earthquakes that occur in our country and to take
forward-looking measures to solve the problems arising from these earthquakes. In this study,
the spatial distributions of earthquakes greater than Mw 4, which occurred between 6
February 2023 and 8 April 2023 in Turkey, according to the records of the Disaster and
Emergency Management Presidency (AFAD), were analyzed in the GIS environment at the
district border level, and spatial statistical analysis was carried out. Clusters were revealed
using tests (Getis-Ord General G, Global Moran's I, Anselin Local Moran's | and Getis-Ord Gi*).
Thus, taking into account the current earthquakes, important results have been obtained in
terms of the support to be provided to the decision makers on the issues of prospective urban
planning studies and measures to be taken.

*Sorumlu Yazar Kaynak goster
(ysndmrl58@gmail.com) ORCID 0000-0002-5582-984X Demirel, Y., & Tiirk, T. (2023). 6 Subat 2023 Kahramanmaras depremleri (Mw 7.7 ve Mw 7.6)
*(tturk@cumbhuriyet.edu.tr) ORCID 0000-0002-2671-7590 sonrasinda Tiirkiye’de meydana gelen depremlerin (Mw=24) cografi bilgi sistemleri ile mekéansal

analizi. Tiirkiye Cografi Bilgi Sistemleri Dergisi, 5(2), 60-69.
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1. Giris

Diinyadaki hizh niifus artisi ile birlikte sanayi ve
teknolojideki hizli gelismeler, yerlesim alanlarinin
bilingsiz ve dilizensiz gelismesine dolayisiyla dogal
afetlerin verdigi zararlarin artmasina sebep olmaktadir
(Demirel & Tiirk, 2022; Demir, 2018). Deprem, heyelan,
su baskini, kuraklik gibi dogal afetlerin asirlar boyunca
insanligt dogrudan ve dolayli olarak etkileyen,
basladiktan sonra durdurmanin miimkiin olmadigy,
insanlarin kontrolii disinda gerceklesen maddi ve
manevi olumsuz sonuclar1 vardir (Mogulkog, 2019;
Mogulkog & Tiirk, 2018; Yazici, 2018; Ozey, 2006).

Depremler fay hatlarinda yar1  dizlemsel
deformasyon =zonlar1 boyunca olusan hareketler
sebebiyle yeryiiziiniin sarsilmasidir. Kati haldeki

yerkabugu yavas ve sabit hizla hareket etmektedir.
Depremler, olusan gerilmenin biiyikliginiin
yerkabugunu olusturan malzemenin dayanimini astigi
zaman, bir fay boyunca enerjinin bosalmasi seklinde
meydana gelir. Genellikle yerkabugunun litosfer
tabakasinin pargalara ayrilmis tektonik plakalarinin
sinirlarinda  gerceklesmekle birlikte birgok farkli
konumda meydana gelebilmektedir (Tirk, 2009).
Diinyada  stirekli olarak  depremler meydana
gelmektedir. Fakat bu depremler genellikle ¢ok kiiciik
olup hasara neden olmamaktadir. Bununla birlikte
depremler biiytikliik faktdriine bagh olarak agir hasarlar
ile can ve mal kayiplarina sebep olabilmektedir. Tiirkiye
jeolojik yapisi, tektonik olusumu, topografik yapisi ve
meteorolojik dzelliklerinden dolay1 her zaman deprem
tehlikesi ve riski altindadir (Tiirk vd., 2012). Ulkemizde
meydana gelen depremlerin genellikle, Atlas okyanusu
sirtinin iki tarafa yayilmasi ile iligkili olarak Afrika ve
Arabistan levhalarinin kuzey-kuzeydogu yoniinde
hareket etmesiyle baglantih oldugu bir¢ok farkli
calismada belirtilmektedir (Mentese & Tagil, 2016;
Aksoy vd., 2015; Sahin & Sipahioglu, 2009). Dolayisiyla
depremlerin ana kaynagi, Arabistan levhasinin Avrasya
levhasina c¢arpmasi ve c¢arpisma sonrasinda kuzeye
dogru hareketine bagl olarak gelisen Kuzey Anadolu ve
Dogu Anadolu fay zonlari olusturmaktadir (Mentese &
Tagil, 2016; Aksoy vd. 2015). Ayrica meydana gelen
depremlerin aktif faylar tizerinde yer aldig1 ve mekansal
olarak faylar ile depremler arasinda ¢ok yakin bir
iliskinin bulundugu vurgulanmaktadir (Mentese & Tagil,
2016; Sahin & Sipahioglu, 2009; Sezer, 2006). Bu
hususlarin  timii dikkate alindiginda Tirkiye’'de
depremden kagmanin miimkiin olmadigy, stirekli olarak
farkl biiytikliiklerde depremlerin meydana gelebilecegi
ve deprem ile birlikte yasanabilmesi i¢cin dnlemlerin
alinmasi gerektigi unutulmamalidir.

Depremlerin mekansal olarak incelenmesinde CBS,
depremi olusturan faktorler ve ¢ikis konumu arasindaki
iliskinin ortaya konmasi agisindan oldukc¢a 6nemlidir.
Bununla  birlikte = depremlerin  hangi  bolgede
kiimelendiginin mekansal istatistiklerle ve fay gibi
cografi unsurlarla analiz edilmesi ilgili bolgelerde
tedbirlerin artirilmasina yardimci olabilecek niteliktedir.
Boylece iilkemizde hayati tehdit olusturan depremlerin
farkl periyotlardaki depremlere gore kiimelenmelerinin
incelenmesi cografi faktorlerle benzer o6zellik tasiyan
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diger bolgelerde tedbir alinmasi agisindan 06ngori
olusturmaktadir.

Literatiirde, diinyada ve iilkemizdeki birgok
depremi ve mekansal kiimelenmeyi konu alan ¢alismalar
yapilmistir. Cao vd. (2021), Cin’in ekonomik diizeyini ve
kalkinmasini oldugu kadar insanlarin yasamini ve
saghigin da biyiik oOlgide etkileyen sayisiz depreme
maruz kalmasi, ulkedeki sismik aktivitenin analizinin
giderek daha onemli hale geldigini vurgulamislardir.
Mekansal otokorelasyon analizi teorisi temelinde, Global
Moran’s I, Local Moran’s I ve Local Indicators of Spatial
Association teknikleriyle 1970’den 2013’e kadar Cin'de
meydana gelen sismik faaliyetlerin mekansal olarak
kiimelenmesini incelemislerdir. Mentese & Tagil (2016),
2005 ile 2015 yillar: arasinda Tiirkiye’de meydana gelen
Mw 4.0 ve iizeri biiyiikliikteki depremleri Moran I,
General G ve Local G istatistiklerini kullanarak mekansal
otokorelasyonlar1 ve kiimelenmeleri tespit etmislerdir.
Incelenen zaman arahiginda Tiirkiye genelinde biiyiik
depremlerin Kuzey Anadolu Fayi ile Dogu Anadolu
Fayr'nin  birlestigi alanda yogunlastigini ortaya
koymuslardir. Aktepe & Aydin (2013), Izmir ¢evresinin
jeolojisi ve meydana gelen tarihsel depremler dikkate
alindiginda, izmir'in deprem riski yiiksek bolgelerden
biri oldugu ve c¢evresinin sismoteknik a¢idan
degerlendirilmesi gerektigi kanaatine varmislardir.
1999 ve 2012 yillan arasinda biiytikligi 2.9 ile 5.6
arasinda olan deprem verilerini kullanarak CBS ve
mekansal istatistik analiz yontemleri ile depremlerin
mekansal  dagilimini,  yogunlugunu ve  sehrin
depremselligini inceleyerek risk olusturabilecek alanlari
belirlemislerdir. Perihanoglu vd. (2022), Van ve
cevresindeki 1900 ile 2021 yillar1 arasinda meydana
gelen Mw 4.0 ve daha biiylik depremleri mekansal
otokorelasyon tekniklerinden (Moran I ve Getis Ord Gi)

faydalanarak analiz etmislerdir. Kiimelenmis
bolgelerdeki dagilimlari mekansal otokorelasyon
teknikleri ile test ederek tehlikeli bdlgelerin

belirlenmesini hedeflemislerdir. Tagil & Alevkayali
(2013), CBS ile Ege Bolgesinde meydana gelen
depremlerin mekansal desenini ortaya koymay1 ve
kiimelenmeleri belirlemeyi amaglamislardir. Analizlerde
1900 ile 2012 yillar1 arasinda Mw = 4 olan deprem
verilerini kullanarak mekansal deseni tespit etmislerdir.
Livd. (2020), Mekansal otokorelasyon ile 1973’ten 2017’
ye kadar Alpine Himalaya sismik kusaginda meydana
gelen sismik aktivitenin mekansal-zamansal 6zelliklerini
analiz etmisler ve bu yontemin sismik mekanizmada
kullanilabilecegini ve uygulanabilirligini
vurgulamislardir. Aslam & Naseer (2020), Balochistan
bolgesindeki Chaman fay1 boyunca 1900’den 2017’ye
kadar meydana gelen depremleri Global Moran'’s I, Getis-
Ord Gi*, quadrant count analysis, Getis-Ord General G,
kernel density, average nearest neighbor, Anselin Local
Moran’s I yontemleri ile analiz etmislerdir. Djenaliev vd.
(2018), Kirgizistan ve cevresinde 1900 ile 2016 yillar:
arasinda meydana gelen depremleri sismik katalog
verilerini kullanarak mekansal istatistiksel yontemlerle
ve CBS ortaminda analiz etmislerdir. Calismada, Anselin
Local Moran I ve Getis Ord Gi* yontemleriyle deprem
sicak nokta alanlarin1 ve depremlerin mekansal
dagilimim inceleyerek depremlerin yogunluklu olarak
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nerede meydana geldigini belirlemislerdir. Affan vd.
(2016) Aceh’de meydana gelen depremleri Average
Nearest Neighbor, Global Moran I, Getis-Ord General G,
Anselin Local Moran I, Getis-Ord Gi* ve Kernel Density ile
mekansal dagilimlarini ve kiimelenmeleri tespit etmeyi
amaglamislardir. Garcia-Ayllon vd. (2019), ispanya'nin
Lorca sehrinde 2011 depremi sonrasinda gézlemlenen
hasar seviyelerinin mekansal olarak degerlendirilmesi
lizerine odaklanmislar ve deprem sonrasinda kentlerde
meydana gelen hasarlar1 analiz ederek deprem risk
azaltma stratejilerinin gelistirilmesine yardimci olacak
CBS ve mekansal istatistiksel araglari iceren bir geo-
istatistiksel bir yontem 6nermislerdir.

Yukaridaki ¢alismalardan da anlasilacagl tizere
depremler ve mekansal istatistikler birgok farkl
arastirmaya konu olmustur. Deprem riskinin yiiksek
oldugu bir bolgede, deprem olaylarinin zamansal ve
mekansal analizlerine hakim olmak, yerel yonetimlerin
afet onleme ve azaltma konularinda dogru Kkararlar
almasina yardimci olabilir. Literatiir incelendiginde,
deprem kiimelerinin tespit edilmesinin yani sira bu
kiimelerin tektonik ve deprem olaylarina gore cografi
dagilimlarinin incelenmesi konularina ihtiya¢ duyuldugu
gorilmektedir. Deprem, sadece birkag saniyede
megatonlarca sismik enerji tliretebilen bir siirectir. Bu
slirecte insan yapimi yapilarin hasar gérmesi sonucunda
bliytik dl¢iide ekonomik ve can kayb1 meydana gelebilir
(Aslam & Naseer, 2019). Bu nedenle, deprem riski
tasiyan bolgelerin belirlenmesi son derece 6nemlidir. Bu
calismada, Tirkiye’de 11 ili etkileyen Kahramanmaras
merkezli 6 Subat 2023 tarihli (Mw 7.6 ve Mw 7.7) biiytk
deprem felaketleri sonrasinda AFAD kayitlarina gére Mw
4.0 ve lizeri meydana gelen deprem verileri (6 Subat
2023 ile 8 Nisan 2023 tarihleri arasinda) CBS ortaminda
Getis-Ord General G ve Moran’s [ istatistiksel analiz
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yontemleriyle ilce bazinda analiz edilmistir. Istatistiksel
olarak kiimelenmenin anlamli oldugu anlasilan verilerin
kiimelenme analizi (Cluster and Outlier Analysis) ve
sicak nokta (Getis- Ord Gi*) konumsal istatistik analizleri
gerceklestirilmistir. Elde edilen istatistiksel bulgular
dogrultusunda depremlerin  kiimelendigi alanlar
tartisilarak  ilgili  bolgede  gerekli ¢alismalarin
yapilmasinin gerekliligine 1s1k tutulmustur. Ayrica, fay
gibi depremsellige neden olan unsurlarin yogun oldugu

diger bolgeler icin tedbir alinmasi gerekliligi
vurgulanmistir.
2. Yontem
2.1. Calisma alam
Bu c¢alisma  Tirkiye  sirlart  igerisinde

gerceklestirilmistir (Sekil 1). Tiirkiye yeryiiziiniin en
aktif kusaklarindan birisi olan, Akdeniz, Alp ve Himalaya
deprem kusagi icerisinde yer almaktadir. Alp sira daglari,
Avrupa ile Asya kitalarinin birbirine gore goreceli
hareketlerinin  olusturdugu sikistirici  kuvvetlerin
etkisiyle, Himalayalar ise Asya ile Hindistan kitalarinin
birlesmeleri  sonucunda meydana  gelmislerdir.
Turkiye’de cok sayida sanayi tesisleri ve barajlar deprem

bakimindan cok aktif bolgeler icerisinde
konumlanmistir. Tiirkiye’de meydana gelen dogal
afetlerle ilgili istatistiksel verilere bakildiginda,

depremlerin en ¢ok tahrip eden felaket oldugu
gorilmektedir (Tirk, 2009). Sonug olarak Tiirkiye'de
depremden kagmak miimkiin olmadigindan dolay1
ileriye yonelik kentsel planlama ¢alismalarinda CBS’den
etkin bir sekilde faydalanmak suretiyle tedbirler
alinmasi gerekliligi kaginilmazdir.
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2.2. Mekinsal-istatistiksel analiz

Bu ¢alismada Tiirkiye ilge sinirlarini gosteren veriler
ile birlikte AFAD’dan elde edilen 6 Subat 2023 ile 8 Nisan
2023 tarihleri arasinda Tirkiye sinirlar1 igerisinde
meydana gelen Mw 4.0 ve tlzeri buyiikliikteki deprem

kayit verileri kullanilarak ESRI ArcGIS 10.6.1 yazilimi
ortaminda analiz edilmistir. Ulkemizde meydana gelen
depremlerin hangi bolgelerde kiimelenme gosterdigi ve
faylarla olan iliskisi incelenmistir. Bu ¢alismada izlenen
is adimlari Sekil 2’ de verilmektedir.

/

Cografi Veri

* fige Sinirlari
* Fay Verileri

* Sicak Nokta (HotSpot) Haritasl

Cografi Veri Tabani

Mekansal istatistik Yontemleri
* Getis- Ord General G
*Global Morans |
* Anselin Local Morans |
* Getis Ord Gi*

~

Sozel Veriler

* Konum Bilgisi
* Deprem Buyukluk
Bilgisi
* Meydana Gelme
Zamani

SONUCLAR

Sonuglarin Cografi Olarak

* Kimelenme (Clustered and Outlier
Analysis) Haritasi

-

pig Degerlendirilmesi

Sekil 2. Calismada izlenen islem adimlari

Degiskenler arasi konumsal iliskileri
degerlendirmek i¢in konumsal 6riintii kavramini temel
almak son derece 6nemlidir (Kurland & Gorr, 2007).
Kiimelenmis alanlarin analizi ve degerlendirilmesi,
depremlerin mekansal modelini ortaya koyacak bir
rehber niteligi tasimaktadir. Bu dogrultuda yapilan
calismada CBS tabanli mekansal kiimelenme analizi
gerceklestirilmistir.  Depremin  genel = mekansal
dagiliminin kiimelenme, sagilma ve rastgelelik analizleri
icin Global Moran’s I ve Getis-Ord General G global
istatistikleri kullanilirken, kiimelerin hangi cografi
konuma gore dagildigim belirlemek icin Anselin Local
Moran'’s I yerel istatistik testi, kiimelerin giiven diizeyini

ve Yorumlanmasi
belirlemek icin ise Getis-Ord G* yerel istatistik testi
kullanilmistir.

Mekansal analiz, verilerdeki mekansal desenleri ve
iligkileri incelemek ve analiz etmek i¢in kullanilan bir
tekniktir. Cografya, ekoloji, ekonomi ve epidemiyoloji
gibi alanlarda yaygin olarak kullanilmakta olup cesitli
olgularin mekansal desenlerini ve iliskilerini analiz
etmek ve anlamak i¢in kullanilir. CBS’de nokta verilerinin
istatistiksel analizinde ilk adim, tim verilerin desensiz
oldugunu ve rastgele  oOzellikler gosterdigini
varsaymaktir. Bu hipotezi olusturduktan sonra, ilgi alani
olmayan rastgele veriler ve ilgi alan1 olan kiime verileri
olmak tlizere iki kisma ayrilan nokta desen analizi yapilir.

63 Turkish Journal of Geographic Information Systems



Tiirkiye Cografi Bilgi Sistemleri Dergisi - 2023; 5(2); 60-69

Ayrica, nokta veri kiimelerinin modellerini belirlemek
icin kiiresel (Getis Ord General G ve Global Moran’s I) ve
yerel istatistiksel (Getis Ord Gi* ve Anselin Local Moran’s
[) yontemler Kkullaniir. Bu yontemler mekansal
otokorelasyonu yaygin ozelliklerini tasiyan veriler soz
konusu oldugunda gecerlidir.

Global Moran's I, bir mekansal veri setindeki
ozelliklerin mekansal otokorelasyonunu 6lgen bir
istatistiksel yontemdir. Bu yontem, bir deprem veri
setindeki deprem yogunlugunun mekansal dagilimini
analiz ederek deprem kiimelerinin varligini tespit etmek
icin kullanilabilir. Ayrica, deprem kiimelerinin yerlerini
belirleyerek, bu alanlardaki deprem risklerini daha iyi
anlamaya yardimci olabilir ve acil durum yoénetim
planlarinin gelistirilmesine katki saglayabilir. Ornegin,
bir bolgedeki depremlerin kiimelendigi yerler, yerel bir
fay hattinin varligin1 gosterebilir. Bu nedenle, deprem
risk analizi ve acil durum yo6netim planlarinin
gelistirilmesi icin deprem kiimelerinin belirlenmesi
o6nemli bir adimdir (Aslam & Nasser, 2019; Djenaliev vd.,
2018; Affan vd. 2016).

Getis-Ord General G (GOGG), kiimelenmeyi
belirlemek icin kullanilan diger bir mekansal istatistik
yontemidir. Bu yontem deprem oérneginde, bir bolgedeki
deprem yogunlugu verilerini alir ve her bir noktanin
etrafindaki diger noktalara olan cografi bagimlilik
diizeyini oOlger. Bu ol¢iim, bir bolgedeki deprem
kiimelerinin belirlenmesine yardimci olur. GOGG
yontemi sadece deprem kiimelerinin varligini degil, ayni
zamanda deprem yogunlugu ag¢isindan ne kadar énemli
olduklarini da belirleyebilir. Bu nedenle, deprem risk
analizi  ve acil durum yodnetim planlarinin
gelistirilmesinde kullanilan énemli bir aractir. Ornegin,
GOGG yontemi, bir bolgedeki deprem kiimelerinin ne
kadar yogun oldugunu ve bu kiimelerin nerede
bulundugunu belirleyebilir. Bu husus, deprem risk
analizi yapmak icin o6nemli bilgi olup deprem
kiimelerinin belirlenmesine ve bu bilgiye dayali acil
durum yonetim planlarinin gelistirilmesine yardimci
olabilir (Aslam & Nasser, 2019; Djenaliev vd., 2018; Affan
vd. 2016).

Sicak nokta analizi (Getis Ord Gi*), mekéansal
otokorelasyon yontemlerinden biri olup bir bélgedeki
olaylarin (6rnegin deprem) belirli bir o6zelliginin
(6rnegin  yogunluk) dagilimindaki anormallikleri
belirlemek icin kullanilir. Bu yontem, érnegin deprem
riski olan bir bolgede deprem sikligina ve yogunluguna
iliskin olas1 kiimelenmeleri belirlemeye yardimeci olabilir.
Sicak nokta analizi yo6ntemi, verilerin 06nceden
belirlenmis bir boélgeye nasil dagildigini1 inceleyerek
bolgesel bir yogunluk haritas1 olusturur. Bununla
birlikte, verilerin 6zelliklerine gére ayrintilh bir analiz
yapar ve bu verilerin bolgesel yogunluklarini hesaplar.
Daha sonra, bu yogunluklar 6ngoriilen bir diizeyin
lizerinde olan bdlgeler icin "sicak nokta" olarak
tanimlanir ve bu bolgelerdeki anormallikler ile birlikte
muhtemel nedenler belirlenebilir (Djenaliev vd., 2018;
Aslam & Nasser, 2019; Affan vd. 2016).

Anselin  Local Moran's [ ise mekansal
otokorelasyonu dl¢en bir istatistiksel yontemdir. Bu yon-
tem, bir veri kiimesindeki noktalarin mekansal konumla-
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rina dayali olarak, noktalar arasindaki benzerlik veya
farkliliklarin varhigini belirlemek i¢in kullanilir. Deprem
baglaminda Anselin Local Moran's [, bir bdlgedeki
deprem sikliginin ve yogunlugunun mekansal dagilimini
analiz etmek i¢in kullanilabilir. Diger bir ifadeyle, bir
bolgedeki depremlerin yogunlasmasini veya
seyrelmesini ve bir bolgedeki her bir noktanin kendisiyle
ayni 6zellige sahip diger noktalarla ne kadar benzerlik
gosterdigini belirlemek i¢in kullanilir. Bu benzerlik veya
farkhiliklar, "cluster" ve "outlier" olarak adlandirilir.
Cluster, bir bolgedeki birka¢ noktanin birbirine yakin
olmas1 durumunu ifade eder. Bu durum, depremlerin
belirli bir bdlgede yogunlasmasi veya bir fay hatti
boyunca birlesmesi anlamina gelebilir. Outlier ise, bir
bolgedeki noktalarin genel egilimden uzaklasmasini
ifade eder (Affan vd. 2016; Djenaliev vd., 2018; Aslam &
Nasser, 2019). Anselin Local Moran's ], Sicak nokta analiz
yontemi (Getis Ord Gi*) gibi bir bolgedeki deprem riskini
belirlemek ve acil durum yonetim planlarini gelistirmek
icin kullanilabilir. Ayrica, deprem risk analizi i¢in 6nemli
bir ara¢ olup deprem sikliginin ve yogunlugunun
mekansal dagilimini anlamak i¢in gereklidir.

3. Bulgular Ve Tartisma

Literatiir detayli incelendiginde farkli arastirmacilar
tarafindan depremlerle ilgili bir¢cok calisma yapildigl
gorilmektedir. Mekansal istatistiksel yontemlerle
depremlere yonelik iilkemizde farkli ¢alismalar
gerceklestirilmistir. Perihanoglu vd. (2022) tarafindan
yapilan ¢alismada, 1900 ile 2021 yillar arasinda Van ili
ve c¢evresinde meydana gelen Mw 4.0 ve daha biyiik
depremler mekansal otokorelasyon (Moran I ve Getis
Ord Gi) yontemleriyle analiz edilmistir. Boylece,
kiimelenmis bolgelerdeki mekansal dagilimlarin ve
tehlikeli bolgelerin belirlenmesi hedeflenmistir. Tagil &
Alevkayali (2013), Ege Bolgesinde Mw 4.0 ve lizeri
meydana gelen depremleri mekansal otokorelasyon
(Morans I ve Geary’s C) yontemleriyle analiz etmislerdir.
Aktepe & Aydin (2013), izmir ve gevresinde meydana
gelen Mw 2.9 ile Mw 5.6 arasindaki depremleri CBS ve
mekansal istatistik yodntemleriyle inceleyerek riskli
alanlar1 belirlemis ve bdlgenin depremselligini ortaya
koymustur. Mentese & Tagil (2016), 2005 ile 2015 yillar
arasinda Tiirkiye’de meydana gelen Mw 4 ve ilizeri
biiyiikliikte meydana gelen depremleri CBS ve mekansal
istatistiksel (Moran’s I ve General G) yodntemleri
kullanarak kiimelenmeleri tespit etmislerdir. Sonug
olarak  Tirkiye genelinde biliyiilk depremlerin
yogunlastig1 bolgelerin Kuzey Anadolu Fay Zonu ile Dogu
Anadolu Fay Zonunun birlestigi alanda oldugunu ifade
etmislerdir.

Bu c¢alismada Tiirkiye’de 6 Subat 2023 ile 8 Nisan
2023 tarihleri arasinda meydana gelen AFAD kayitlarina
gore Mw 4.0 ve izeri blyiiklikteki depremler analiz
edilmistir. Tlrkiye’deki aktif faylar ve bu siire¢ igerisinde
meydana gelen depremler arasindaki iliski incelenmis
(Sekil 3) ve deprem bakimindan riskli olan boélgelerde
ileride meydana gelebilecek olasi depremlere yonelik
alinmas1 gereken Onlemler konusunda birtakim
onerilerde bulunulmustur.
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Sekil 3. Tiirkiye Fay ve Deprem lliski Haritasi (6 Subat - 8 Nisan 2023)

Tirkiye 6 Subat 2023 giinii saat 04:17'de kayitlarina gore 6 Subat 2023 ile 8 Nisan 2023 arasinda

Kahramanmaras'in Pazarcik ilgesi merkezli Mw 7.7 ve
13:24’ te Kahramanmaras Ekinézii ilgesi merkezli Mw 7.6
biiytikligiinde iki ayr1 deprem felaketine maruz
kalmistir. Ayrica bu depremler sonrasinda bir¢ok artgi

meydana gelen Mw 4.0 ve tlzeri biytklikteki 604
deprem incelenmistir (Sekil 4). Bu depremlerden 15
tanesinin Mw 5.5’in lizeri biiyiikliikte oldugu (Sekil 5) ve
¢ok ciddi oranda can ile birlikte mal kaybina yol agtig1

deprem meydana gelmistir. Bu c¢alismada, AFAD gorilmiistiir.

Tiirkiye'de 6 Subat 2023 ile 8 Nisan 2023 tarihleri arasinda meydana gelen
Mw 4.0 ve lizeri depremlerin il sinir1 bazinda dagilimi
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Sekil 4. Tiirkiye'de 6 Subat 2023 ve 8 Nisan 2023 tarihleri arasinda meydana gelen Mw 4.0 ve {izeri depremlerin illere
gore dagilimi
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Tiirkiye'de 6 Subat 2023 ve 8 Nisan 2023 tarihleri arasinda meydana gelen Mw 5.5 ve
tizeri biiyiikliikte meydana gelen depremlerin ilge bazinda dagilimi
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Sekil 5. Tiirkiye’de 6 Subat 2023 ve 8 Nisan 2023 tarihleri arasinda Mw 5.5 ve lzeri biiyiikliikte meydana gelen

depremler

Depremlerin mekansal Oriintiileri General G ve
Moran'’s 1 istatistiksel analiz yontemleriyle incelenerek
kiimelenmeler belirlenmistir. General G ve Z degerleri
dikkate alinarak kiimelenme raporlarinin sonuglari

Observed General G: 0.017663
z-score: 14.399936
p-value: 0.000000

<€ 1

Significant

incelendiginde (Beklenen G= 0,001079; z-skoru> 2,58; p
degeri <0,01) %99 giiven aralifinda anlaml
kiimelenmelerin olustugu ortaya konulmustur (Sekil 6).

Significance Level
(p-value)

0.01

0.05

0.10

Critical Value
(z-score)
<-2.58
-2.58 - -1.96
-1.96 - -1.65
-1.65 - 1.65
1.65-1.96
1.96 - 2.58
>2.58

0.10
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0.01

peoooen

|

Significant

Low-Clusters

High-Clusters

Sekil 6. General G testine gore kiimelenme analizi

Diger taraftan, Moran’s I degeri -1 ile +1 arasinda
degerler alir. Bu degerin sifira yakin olmasi kiime testinin
rastgele dagilima sahip oldugunu, negatif olmasi aykiri
degerler icerdigini, pozitif olmasi ise benzer degerlerin
konumsal olarak kiimelendigini gosterir. Bu ¢alisma
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kapsaminda yapilan analizlerde Moran’s [ ve Z degerleri
dikkate alinarak mekansal otokorelasyon sonuglari
incelendiginde (Beklenen I =-0,001079; z-skoru> 2,58; p
degeri <0,01) %99 giiven aralifinda yiiksek bir mekansal
kiimelenmenin olustugu tespit edilmistir (Sekil 7).
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Moran's Index: 0.218445
z-score: 14.437399 mm
p-value: 0.000000

A

Significant

Significance Level Critical Value
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Sekil 7. Moran’s I testine gore kiimelenme analizi

S6z konusu tarihler arasinda meydana gelen
depremler ESRI ArcGIS 10.6.1 yazilimi ortaminda Cluster
and Outlier Analysis (Anselin Local Moran’s I) ve Hotspot
Analysis (Getis-Ord Gi*) yontemleri ile analiz edilerek
haritalar iretilmistir (Sekil 8 ve Sekil 9). Elde edilen
bulgular Anselin Local Moran’s [ yontemi ile
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incelendiginde, tiim Tiirkiye’de ilgili tarihlerdeki
depremler degerlendirilerek Adiyaman, Gaziantep,
Hatay, Kahramanmaras, Malatya illerini kapsayan
bolgede oldukeca ytliksek kiimelenmeler meydana geldigi

gozlemlenmistir. (Sekil 8).
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Sekil 8. Anselin Local Moran’s I analizi sonucu elde edilen kiimelenme haritasi

Getis-Ord Gi*(HotSpot Analysis) istatistiklerinde ise
pozitif Z degerlerinin yogun bir sekilde kiimelenmis
olmas1 eldeki verilerin istatistiksel olarak anlamh
oldugunu gostermektedir. Bu istatistik, giiven araligi ile
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birlikte yliksek ve diisiik degerlerde kiimelenmis alanlari
6lcer. Bu kapsamda ¢alisma alani icerisinde %90, %95 ve
%99 giiven araliklarinda birgok kiimelenmis yerlesim
alanlar1 gozlemlenmistir (Sekil 9). Yiiksek ve diisiik
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kiimelenmelerin tespit edildigi deprem boélgesinde ayni
alanlarda tekrar eden pozitif yiiksek konumsal
kiimelenmeler de goriilmektedir. Ozellikle Adiyaman,
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Gaziantep, Hatay, Kahramanmaras, Malatya illerini
kapsayan bolgede %99 giiven diizeyinde sicak nokta
kiimeleri belirlenmistir.
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Sekil 9. Sicak nokta analizi sonucu elde edilen kiimelenme haritasi

4. Sonug Ve Oneriler

Depremler diinyada ve iilkemizde siirekli olarak
meydana gelmektedir. Biiyiikliik faktoriine bagh olarak
baz1 depremler agir hasarlar ile birlikte ciddi anlamda
can ve mal kayiplarina sebep olabilmektedir. Nitekim
Tiirkiye, 6 Subat 2023 saat 04:17'de Kahramanmaras-
Pazarcik ilcesi merkezli Mw 7.7 ve 13:24'te
Kahramanmaras-Ekinézii ilcesi merkezli Mw 7.6
biiyiikligiinde, 11 ili dogrudan ve tiim iilkeyi dolayh
olarak etkileyen iki ayr1 ana deprem felaketi ile birlikte
bir¢ok art¢1 depreme maruz kalmistir.

Bu c¢alismada mekansal istatistiksel ydntemler
kullanilarak Tiirkiye’de 6 Subat 2023 ile 8 Nisan 2023
tarihleri arasinda meydana gelen depremlerin ilge
bazinda  kiimelenmesine  odaklanilmistir.  Yerel
kiimelenme olusumlar: incelendiginde 11 ili kapsayan
bolgede yiiksek bir gliven araliginda kiimelenmenin
bulundugu goériilmektedir. Bu kiimelenmenin ortaya
cikkmas1i o bolgede diri fay bulunabilecegini
gostermektedir. Bu ¢alisma kapsaminda tiretilen (Sekil 8
ve Sekil 9)  haritalar incelendiginde, deprem
yogunlugunun fay hatlarinin sikhikla bulundugu
bolgelerden biri olan Kahramanmaras c¢evresinde
yogunlastig1 goriilmektedir. Dolayisiyla bu ¢alisma, fay
hatlarinin yogun bulundugu diger bolgelerde de gerekli
tedbirlerin alinmasinin gerekliligini ortaya koymaktadir.
Ayrica elde edilen bulgularin mevcut diri fay haritasiyla
karsilastirilmas1  sonucunda haritada bulunmayan
faylarin arazide dogrulanmasi kosuluyla sistem ile
biitiinlestirilmesine katki saglayabilecek potansiyele
sahiptir. Bdylece, mevcut diri fay haritalarinin
giincellenmesine, ileride meydana gelebilecek potansiyel
depremlerden kaynaklanan zararlarin azaltilmasina

68

veya ortadan kaldirilmasina yoénelik gerceklestirilecek
calismalara ve bu konudaki karar vericilere destek
saglanabilir.
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CBS kullanilarak savas alani arkeolojisi ¢alismalari i¢in bir veri tabani olusturulmasi:
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Bu calismada, Kiltir Bakanligl tarafindan Desteklenen “Malazgirt Savas Alaninin Tespiti,
Tarihi ve Arkeolojik Yiizey Arastirmasi” adl1 “Savas Alan1 Arkeolojisi” temali proje kapsaminda
Cografi Bilgi Sistemleri (CBS) ile olusturulan bir veri tabam ve bu veri tabaninin yapisi
tartisilmaktadir. Savas alani arkeolojisi ¢alismalar1 bir¢cok farkli bilimsel alandan (tarih,
arkeoloji, cografya, antropoloji vb.) ¢ok sayida bilim insanin bir araya geldigi, farklh
yontemlerle bir¢ok verinin toplanmasi, analiz edilmesini gerektiren bilimsel bir alanlardir. Bu
nedenle savas alani arkeolojisi alaninda yapilan ¢alismalarda sistematik ve iligkili bir veri
tabaninin olusturulmasi olduk¢a énemlidir. Boyle bir veri tabani arastirmacilarin daha etkin
bir sekilde koordine edilmesini, verilerin kolayca degerlendirilip paylasilmasini saglayabilir.
“Malazgirt Savas Alaninin Tespiti, Tarihi ve Arkeolojik Yiizey Arastirmasi” adli proje
kapsaminda olusturulan CBS kullanilarak olusturulan veri tabani, savas alaninin, topografik
yapisini ve cografi konumunu goérsellestirmek igin kullanilabilinecek Sayisal Yiizey Modeli
(SYM) gibi verileri icerdigi gibi farkli bilimsel disiplinler tarafindan olusturulan g¢alisma
raporlarini, resim ve belgeleri birbiriyle iliskilendirilerek bir araya getirmektedir. Bu sayede,
tarihl kaynaklardan elde edilen veriler CBS yardimiyla bu veri tabanina entegre
edilebilmektedir. Savasin kronolojisi mekansal verilerle uyumlu bir sekilde ortaya
konulabilmekte, savasin taraflarinin uyguladigi askeri stratejiler anlasilabilmektedir. Bu
calismada genel hatlari ile tanitilan veri tabani benzer ¢alismalar i¢inde kullanilabilir.

Creating a database for battlefield archaeology studies using GIS: example of the detection,
historical, and archaeological surface survey project of the battle of Malazgirt
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ABSTRACT

In this study, a Geographical Information Systems (GIS) based database is being developed
within the framework of a project that focuses on the identification, history, and
archaeological surface survey of the Malazgirt Battlefield. The structure of the database is
being addressed. The field of battlefield archaeology involves the collaboration of numerous
individuals from various scientific disciplines and encompasses the challenging processes of
collecting, analyzing, and sharing a large amount of data. Therefore, it is important to establish
a systematic database in the field of battlefield archaeology. This facilitates more effective
coordination among researchers and enables easy sharing of information. GIS-based
applications for the Malazgirt Battlefield have been used not only to determine the physical
characteristics, topographical structure, and geographic location of the battlefield but also to
collect research reports conducted by different scientific disciplines, as well as to compile
images and documents. Additionally, the integration and analysis of data obtained from
historical sources within the GIS hold great significance in understanding the chronology of
the battle and military strategies. The data obtained through the use of GIS in this study will
help us better understand the historical and archaeological significance of the battlefield and
will provide a foundation for future research in this field.
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1. Giris

Savaslar; insanlik tarihinin en karmasik ve en etkili
olaylarindan biridir. Sonuglar1 itibariyle uluslarin,
toplumlarin ve hatta medeniyetlerin  kaderini
sekillendirmis, bir¢ok kiiltlirel doéniisiime de neden
olmus olaylardir. Genel olarak savaslarin iki veya daha
fazla tarafi vardir. Bu taraflar farkli nedenlerden dolay1
(politik, ekonomik, ideolojik) silahli gii¢ kullanarak
organize bir sekilde catisirlar. Savaslar sadece silahl1 bir
catismadan ibaret degildir. Strateji, diplomasi, kiilttirel
etkilesimleri ve toplumsal dinamikleri de igerdigi
unutulmamalidir. En 6nemlisi de ¢ogu zaman savaslarin
sonuglari tahmin edilemezdir ve beklenmedik sonuglar
dogura bilirler.

Savas alani arkeolojisi, ge¢miste yapilmis savaslar
ve askeri stratejiler hakkinda 6énemli bilgiler sunan bir
disiplindir (Smith, 2010; Johnson, 2015). Savas alani
arkeolojisi koken itibariyle ¢ok eskiye dayaniyor olsa da
modern anlamda bir disiplin olarak gelisimi 20. yiizyilin
ortalarina rastlar. 1815 yilinda gerceklesen Waterloo
savasinin izlerini bulmak i¢in yapilan calismalari, Troya
Savasina ait calismalar izler (Johnson, 2000).

Gelisen teknolojiye bagli olarak Savas Alani
Arkeolojisi uzaktan algilama, jeofizik yontemler, antik
DNA calismalart gibi farkli  yontemlerle de
desteklenmeye baslanmistir (Brown, 2000). Savas alani
arkeolojisi, farkl disiplinlerden gelen verilerin bir araya
getirilmesini gerektiren c¢ok yonlii bir alandir. Bu
nedenle, bu alanda ¢alisan arastirmacilar (tarihciler,
arkeologlar, antropologlar, cografyacilar, jeofizikgiler)
gibi farkll disiplinlerden gelen arastirmacilardan
olusmaktadir. Bu disiplinlerin her biri, savas alani
arkeolojisinin farkli yonlerine katkida bulunmaktadir.
(Jones, 2012). Bu nedenle savas alani arkeolojisi biiyiik
miktarda verinin toplanmasi, analizi ve paylasilmasi gibi
oldukca zorlu bir siireci kapsar.

Savas alani  arkeolojisi  c¢alismalari, farkli
disiplinlerden gelen verileri bir araya getirmeyi
gerektirir. Bu nedenle, birbiriyle iliskili bir veri tabani,
arastirmacilarin bu verileri daha verimli bir sekilde
analiz etmelerine ve anlamlandirmalarina yardimci
olabilir. Savas alan1 arkeolojisi ¢alismalari i¢in bir veri
tabani, arastirmacilarin ¢alismalarini koordine etmesine,
bilgi  paylasmasina, arastirmalarin  siirekliligini
saglamaya ve gelecekteki projeler icin bir temel
olusturmaya yardimci olabilir. Bu veri tabani, arkeolojik
verilerin sistematik bir sekilde kaydedilmesi ve
erisilebilir hale getirilmesi icin belirli bir yapiya
uymalidir. Bu yapi, mekansal verileri (haritalar, alan
sinirlari, topografik bilgiler), arkeolojik kalintilarin
fotograflarini, oOl¢iimleri ve buluntularin ayrintili
aciklamalarini icerebilir. Arastirmacilar, olusturulan veri
tabanina eriserek daha 6nce yapilan ¢alismalar hakkinda
bilgi edinebilir ve benzer projelerde tekrarlanan veri
toplama siirecini kisaltabilirler. Bu sekilde olusturulan
bir veri tabani, arastirmacilarin c¢alismalarini daha
verimli ve etkili bir sekilde yliriitmelerine yardimci olur.
Bu durum, kaynaklarin daha verimli kullanilmasini ve
arastirmacilarin zamanlarinin ¢ogunu analizlere ve
bunlarin degerlendirilmesine ayirmalarina olanak
saglar. Ayrica veri tabani, arastirmalarin daha iyi
planlanmasina ve sonuglarin daha iyi analiz edilmesine
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de yardimci olur. Arastirmacilar, veri tabani iizerinden
farkli parametreleri karsilastirabilir, buluntularin farkl
parametrelerle iliskilerini  belirleyebilir. ~ Askeri
stratejilerin degisimini izleyebilirler. Ayrica, veri tabani,
arastirmacilarin calismalarini gorsel ve mekansal iliski
kurarak, sonuglarin daha etkili bir sekilde paylasiimasini
saglar (Davis, 2014; Clark, 2019).

Savas alanm1 arkeolojisi i¢in bir veri tabam
olustururken, farkl veri gruplarini igeren iliskisel bir veri
tabanina ihtiyac vardir. iliskisel veri tabanlari, modern
veri yonetim sistemlerinin temel taslarindan biridir. Bu
veri tabanlar1 arastirmacilara; verilerin organize
edilmesi, depolanmasi, sorgulanmasi ve
iliskilendirilmesi icin kullanabilecekleri bir yap1 sunar.
Hiskisel veri tabanlari, Edgar F. Codd tarafindan
1970'lerde oOnerilen iliskisel modeli temel alarak
gelistirilmistir.  Bu model, verilerin tablolarda
depolanmasini ve bu tablolardaki verilerin birbirleriyle
iliskilendirilmesini saglar.

Giintimiz diinyasinda, veri yonetimi ve analizi, bilgi
islem alanindaki en kritik bilesenlerden biri haline
gelmistir. Ozellikle cografi bilgi sistemleri (CBS) gibi
mekansal verilerin etkili bir sekilde yonetilmesi ve analiz
edilmesi gereken alanlarda, iliskisel veri tabanlari hayati
bir rol oynamaktadir. iliskisel veri tabanlari, verilerin
diizenli bir sekilde saklanmasi, sorgulanmasi,
giincellenmesi ve iliskilendirilmesi i¢in saglam bir altyap1
sunar.

Iliskisel veri tabanlarinin temel taslari, tablolardr.
Her bir tablo, belirli bir veri tiiriinii veya konuyu temsil
eder. Tablo yapis, satir ve siitunlardan olusur. Sttunlar,
farkl veri tiirlerini temsil ederken, satirlar tablodaki veri
girdilerini icerir. Bu diizenli yapy, verilerin diizenlenme
sini ve karmasik verilerin yonetilmesini saglar.

Her tabloda en az bir anahtar bulunur. Anahtarlar,
verileri benzersiz bir sekilde tanimlayan 6gelerdir.
Birincil anahtarlar, her satirin essizligini saglar ve
iliskilerin kurulmasinda kullanilir. Ikincil anahtarlar ise
belirli stitunlarda benzersizligi saglayarak veriye hizl
erisimi kolaylastirir.

iliskisel veri tabanlari, farkli tablolar arasinda
iliskiler kurma yetenegi ile bilgi entegrasyonunu
mumkin kilar. Bu, farkli veri tiirlerinin ve mekansal
verilerin birlestirilmesini saglayarak daha kapsaml
analizler yapilmasini miimkiin hale getirir. Bu yap,
ozellikle cografi veri analizlerinde mekansal verilerin
diger veri tiirleriyle biitinlestirilerek daha anlaml
sonuclar elde edilmesini saglar.

Verilere erisim, sorgulama, giincelleme ve
manipiilasyon islemleri i¢in Structured Query Language
(SQL) kullanilir. Bu, kullanicilarin karmasik sorgular
olusturmasini, istenen veri setlerine hizla ulagsmasin ve
analizlerini gerceklestirmesini saglar. Cografi veri
analizlerinde de 6zellikli SQL sorgulari ile istenen cografi
bolgelerin veya mekansal o6zelliklerin sorgulanmasi
miimkin hale gelir.

Iliskisel veri tabanlari, cografi analizlerin temel yap1
taslarindan biridir. Mekansal iligkilerin yénetimi, cografi
analizlerdeki 6nemli bir unsurdur. CBS, bu veri yapisi
sayesinde karar destek sistemlerine veri saglar ve arazi
kullanimi planlamasi, acil durum yonetimi gibi alanlarda
daha bilingli ve veriye dayali kararlarin alinmasim
kolaylastirir.
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lliskisel veri tabanlari, cografi bilgi sistemleri icinde
mekansal verilerin diizenli depolanmasi, etkili
sorgulanmasi, analiz edilmesi ve veri entegrasyonunun
saglanmasi icin vazgegilmez bir rol listlenmektedir. Bu
yapl sayesinde, farkli sektorlerdeki veri odakli kararlar
daha saglam temellere dayandirilarak daha dogru
sonuglara ulasilabilir.

2. CBS’nin arkeolojide kullanimi

Gliniimiizde, arkeolojik alanlarda yapilan
calismalarin etkili ve verimli bir sekilde yonetilmesi,
analiz edilmesi ve belgelenmesi gerekmektedir. Bu
baglamda, CBS ile iliskilendirilen veri tabanlarinin roli
biiyiik 6nem tagsimaktadir.

Arkeolojik sahalarda elde edilen veriler, kazi
alanlarindaki yapilar, buluntular ve koordinatlar gibi
farkli unsurlar igerebilir. Bu verilerin diizenli bir sekilde
saklanmasi ve iliskilendirilmesi, arkeologlara ve
tarihcilere sahada yapilan ¢alismalari daha iyi anlama ve
yorumlama imkani sunar. Iste bu noktada, iliskisel veri
tabanlar1 devreye girer.

iliskisel veri tabanlari, farkl veri tablolar1 arasinda
iliskiler ~ kurarak verilerin diizenli bir sekilde
depolanmasini saglar. Arkeolojik ¢alismalarda, alanlar,
yapilar, buluntular ve koordinatlar gibi farkli veri
tlirlerinin birbiriyle iliskilendirilmesi gerekmektedir. Bu
sayede, belirli bir alanin hangi yapilar icerdigi, bu
yapilarin hangi buluntularla iliskilendirildigi ve bu
noktalarin hangi koordinatlara sahip oldugu gibi bilgiler
daha etkili bir sekilde yonetilebilir (Uslu Kogyigit et al.,
2022).

Ingiltere'de Stonehenge, Wiltshire'da da CBS,
megalitlerin yerini belirlemek ve analiz etmek icin
kullanilmaktadir (Bowden & Soutar, 2003). Bath'ta ise
Roma déneminden kalma kalintilarin yerini belirlemek
ve kaydetmek icin CBSnin farkli eklentileri
kullanilmaktadir (Watson, 2008).

Silbury Tepesi, Wiltshire'da da (ingiltere) CBS,
arkeolojik kalintilarin yerini belirlemek ve korumak i¢in
kullanilmaktadir. CBS araglari, arkeologlara kalintilarin
yerlesim desenleri, sosyal yapist ve diger ozellikleri
hakkinda verilerin toplanmasi, bunlara yo6nelik
analizlerin yapilmasina katki sunmaktadir (Gaffney,
2008). Sutton Hoo'da, CBS, Anglo-Sakson mezarlar ve
kalintilar1 arastirmak i¢in kullanilmaktadir. Zira CBS ve
eklentileri, arkeologlarin mezarlarin yerinin belirleme
sine ve mezarlarin icinden ¢ikarilan nesnelerin
kaydedilmesine olanak tanir (Richards & Robinson
2004).

Anasazi Bolgesinde, Chaco Kanyon Kazilarinda
(ABD) CBS eklentileri, arkeologlarin kalintilarin yerlesim
desenleri, sosyal yapisi ve diger 6zellikleri hakkinda bilgi
edinmesine yardimci olur (Nassaney & Sassaman, 2014).

Fort Vancouver Ulusal Tarihi  Alaninda,
(Washington) CBS, arkeolojik kalintilarin korunmasi ve
yonetimi icin kullanilmaktadir (Wandsnider, 1998).

Gize (Misir) Piramitlerin yerini ve yerlesim
desenlerini belirlemek i¢in CBS kullanildig1 gibi
piramitlerin yapiminda kullanilan kaynaklarin yerlerinin
belirlenmesinde yardimci olur (Buck & Onasch, 2003).

Teb'deki (Misir) arkeolojik alanlar, CBS araglari
kullanilarak haritalandirilmaktadir (Ikram & Dodson
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2006). Bu, arkeologlarin alanlar1 daha etkili bir sekilde
yonetmesine ve korumasina olanak tanir.

Tanis'te, CBS araglar1 kullanilarak, antik kentteki
yapilarin yerleri belirlenmekte ve kaydedilmektedir
(Lehner, 1997). Bu, arkeologlarin kentteki yasam ve
sosyal yapi hakkinda daha fazla bilgi edinmelerini
saglamaktadir.

Misirin giineyinde, Nil Deltasinda yer alan Fayyum
bolgesinde antik donemlerde tarimin yogun olarak

yapildigi bir¢ok alan, CBS araglar1 kullanilarak
haritalandirilmakta ve analiz edilmektedir (Rowland,
2000).

Fayyum bolgesine uydu gorintiilleri ve hava
fotograflar1 kullanilarak ge¢miste kullanilmis tarim
alanlar1 belirlenebilmektedir. Daha sonra, belirlenen
tarim alanlarindaki verimlilik ve kullanim durumu analiz
edilebilmektedir. CBS, bu analizleri yapmak i¢in ¢esitli
araglar1 da sunmaktadir. Ornegin, tarim alanlarinin
sulama durumu, verimlilik seviyeleri ve toprak tiirleri
gibi faktorler, CBS kullanilarak yeniden
yapilandirilabilmektedir. ~ Biitin bu  c¢alismalarin
sonucunda, Fayyum boélgesindeki antik tarim alanlar
hakkinda daha detayl bilgiler elde edilebilmekte ve bu
alanlarin korunmasi ve yonetimi icin daha etkili
stratejiler gelistirilebilmektedir.

3. CBS’nin savas arkeolojisinde kullanimi

CBS araglary, savas arkeolojisi alaninda ¢esitli
sekillerde kullanilabilir. Bu alanda CBS'nin temel
amaglarindan biri, savas alanlarini, yapilar, askeri
tesisleri ve silahlar1 haritalandirmaktir. Bu sayede,
savasin gerceklestigi alanin fiziksel 6zellikleri hakkinda
daha kesin bir bilgi edinilebilir ve savasta yasanan
olaylar daha iyi anlasilabilir.

CBS araglary, savas alanlarinda bulunan savas
aracglar1 ve silahlarin konumlarini belirlemek icin de
kullanilabilir. Ornegin, savasin gerceklestigi bir alanin
haritasi olusturularak, bulunan mizrak, kilig, ok ve ok
uclart gibi silahlarin gosterildigi nokta (point) olarak
diizenlenmis veriler bu harita ile ¢akistirilarak buluntu
haritalari, buluntu yogunluk haritalar: gibi farkh tematik
haritalar iiretilebilir. Bu sayede, savasin gerceklestigi
anin daha iyi anlasilmasi ve savasin gidisati hakkinda
daha fazla bilgi edinilmesi miimkiin olur.

Ayrica, CBS araglarn savas alanlarinda mezarlarin
yerlerinin belirlenmesinde de kullanilabilir. Savas
alanlarinda bulunan mezarlar, savasin gerceklestigi
tarihi ddneme ait 6nemli bilgiler icerebilir. Bu mezarlarin
konumlar1 haritalandirilarak, tarihsel olarak onemli
kisilerin mezarlarinin yerleri tespit edilebilir ve
arastirmalar bu mezarlar iizerinde yogunlastirilabilir.

CBS araglar1 savas alanlarinin korunmasinda da
6nemli bir rol oynar. Savas alanlariin korunmasi, tarihi
olaylarin gelecek nesillere aktarilmasi ve gelecekteki
arastirmalar i¢in 6nemlidir.

4. CBS kullanilarak Malazgirt savas alaninin tespiti,
tarihi ve arkeolojik yiizey arastirmasi projesi icin
bir veri tabani olusturulmasi

Malazgirt Savas Alamimin Tespiti, Tarihi ve
Arkeolojik Yiizey Arastirmasi Projesi farkli ¢alisma
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gruplarin (jeolog, jeomorfolog, arkeolog, antropolog vb.)
bagh olarak farkli nitelikte degisik tiirde verilerin
iretildigi, depolandig1 bir proje yapisina sahiptir (Sekil
1).
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Sekil 1. CBS ile olusturulan veri tabanin genel yapisi.

Her calisma grubu c¢alisma alanina kendi bilimsel
perspektifinden bakmakta ve projenin nihai amacina
hizmet edecek verileri iiretmektedir. Ornegin kaz
yapilacak bir mezar alaninda, alanin biiyiikligiine bagh
olarak Insansiz Hava Araclar (IHA) ile ya da ortofotolar,
stereografik goriintiller kullanilarak ¢alisma alani
gorsellestirilmekte (Sekil 2) ya da Sayisal Yiizey Model
leri (SYM) olusturulmakta (Sekil 3), lizerinde amaca
uygun analizler ya da calisma planlar1 yapilmaktadir
(Sekil 4).
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Sekil 2. Insansiz hava araglarn
goriintiilerden veri iretim agamalar1

ve stereografik

Sekil 3. DSM verilerinden iiretilen Tematik haritalar (a)
sky faktor, (b) egim haritasi, (c) TWI, (d) kirmizi rélyef

@ wee rmoe axoe auve awve
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Sekil 4. Proje kapsaminda 2020 2022 ylllarl arasinda
¢alisilan alanlar

Proje kapsaminda ¢ok genis bir alanda ytlizey
arastirmalari yapilmakta (Sekil 5a) farkli donemlere ait
degisik objelere ulasilmaktadir (Sekil 5 c, d). Gerek ylizey
arastirmalari kapsaminda tespit edilen gerekse kazilarda
cikarillan  objelerin  dijital olarak kaydedilmesi
arkeologlarin alan notlari, fotograflar ve diger verilerin
dijital olarak toplanmasi depolamasi ve analiz edilmesi
gerekmektedir.
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Sekil 5. (a) Gezo diizii mevkiinde yiizey arastirmasi
yapilan sahaya ait ortofoto ve iizerine islenmis GPS
verileri, (c, d) buluntulara ait koordinat verileri ile
eslestirilmis dijital fotograflar

Malazgirt Savas Alanimin Tespiti, Tarihi ve
Arkeolojik Yilizey Arastirmasi kapsaminda yapilan
kazilar ve kazilara ait raporlarin, kazi alanina ait
gorsellerle bir arada ayni veri tabaninda saklanabilmesi,
projenin biitlinlligii ve erisebilirligi agcisindan énemlidir.

Bu sayede tiim verilere tek kaynaktan erisilebilmekte,
veriler iizerinde degerlendirmeler yapilabilmekte daha
tutarli sonuglara ulasilabilmek miimkiin olmaktadir
(Sekil 6). Yapilan ¢izimler, hava fotograflar1 ve kazi
alaninda bulunan objelere ait fotograflarin aym veri
tabaninda bulunmasi benzer nesnelerle karsilastirma
olanag1 sunarken; kazi alaniyla ilgili verilerin ayni ya da
farkli meslek gruplari ile paylasimini kolaylastirmaktadir
(Sekil 7). Gelecekte yapilacak ¢alismalar icin de kaynak
olusturmaktadir.
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Sekil 6. (a) Ziyaret Tepe kazi alanina ait ortofoto, (b) kazi
alanina ait 6znitelik bilgileri, (c) veri tabani igerisine
yerlestirilmis kaz raporlari, (d) kaz1 alanina ait dijital
fotograf.

Sekil 7. 2022 yilinda yapilan i¢ kale kazisi, (a) kazi alanim
genel konumu, (b) ortofoto goriintiisii, (c) ortofoto
iizerinden c¢izilen kaz1 alani, (d) veri tabaninda yer alan
kaz1 alanina ait ¢izim.

Malazgirt Savas Alaninin Tespiti, Tarihi ve
Arkeolojik Ylizey Arastirmasi projesi kapsaminda CBS
kullanilarak olusturulan veri tabani igerisinden proje
alanina ait tarihi kayitlarda yer alan resim, harita gibi
belgelerin yeniden koordinatlandirilarak (rektifiye) veri
tabanina entegre edilmesi yasanan degisimlerin
izlenmesi, ge¢mis ve giincel durum arasindaki farklari
gozlemlemek adina 6nemli veriler sunmaktadir.

Calisilan alanlara ait eski c¢izimlerin giincel
goriintiilerle ¢akistirilmasi kalintilarin konumunu daha
ayrintili bir sekilde belirlemeye olanak saglamaktadir.
Gelecege yonelik yapilacak ¢alismalarinda daha dogru
planlamasini olanakl kilmaktadir (Sekil 8).
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Sekil 8. (a) Linch tarafindan ¢izilen kale ¢iziminin
sayisallastirilmis sekli, (b) giintimiizde tespit edilebilen
kale kalintilarina ait GPS verilerinin gilincel uydu
gorintileri ile cakistirilmasi

5. Bulgular

Savas alani arkeolojisi ¢alismalari, bir¢ok farkl
disiplinden (tarih, arkeoloji, antropoloji, jeoloji,
jeomorfoloji) cok farkli arastirmacilari bir araya getiren
multidisipliner bir alandir.

Savas alam1  arkeolojisi  ¢alismalar, farkl
disiplinlerden gelen verileri bir araya getirmeyi
gerektirir. Bu nedenle, birbiriyle iliskili bir veri tabani,
arastirmacilarin bu verileri daha verimli bir sekilde
analiz etmelerine ve anlamlandirmalarina yardimci
olabilir.

Bu veri tabani arastirmalarin siirekliligini ve
gelecekteki projelerin temelini olusturarak, savas alani
arkeolojisinin gelisimine katkida bulunur.

Savas alani c¢alismalar1 igin olusturulacak veri
tabaninin sistematik bir yapiya sahip olmasi, verilerin
kaydedilmesi, erisilebilir hale gelmesi ve farkh
tekniklerle (web tabanli uygulamalar) kullanilabilmesi
onemlidir. Bu baglamda, CBS ile iliskilendirilen veri
tabanlarinin roli biiytiik 6nem tasimaktadir.

iliskisel veri tabanlari, cografi bilgi sistemleri icinde
mekansal verilerin diizenli depolanmasi, etkili
sorgulanmasi, analiz edilmesi ve veri entegrasyonunun
saglanmasi i¢in vazgegilmez bir rol iistlenmektedir. Bu
yap1 sayesinde, farkli sektorlerdeki veri odakli kararlar
daha saglam temellere dayandirilarak daha isabetli
sonuglara ulasilabilir.
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Olusturulan bu sistematik veri tabani mekansal
veriler arkeolojik buluntular, kalintilarin fotograflar
6lclimleri ve buluntularin ayrintili agiklamalarini igeren
raporlari icerebilmeli ve birlikte sunabilmelidir.

Bu o6zelliklere sahip bir veri tabani alanla ilgili
calismalarda arastirmacilarin daha Once yapilan
calismalara erismelerini kolaylastirdigi gibi veri toplama
strecinin kisalmasini saglar. Bu durum zaten sinirh
kaynaklarla yapilan c¢alismalarin kaynaklarinin daha
verimli kullanilmasini sagladig: gibi zamansal anlamda
da arastirmacilarin analizlere, buluntularin
degerlendirilmesine ve c¢alismalarla ilgili sonuglara
yogunlasmalarina olanak tanir.

Ayrica, veri tabani, arastirmacilarin g¢alismalarin
gorsel olarak daha etkili bir sekilde sunmalarini ve
paylasmalarini da saglar (Davis, 2014; Clark, 2019).

Savas alani arkeolojisi ile ilgili ¢alismalarda
olusturulacak veri tabaninin CBS temelli olmasi Uydu
gorintileri ve hava fotograflar1 gibi ¢ok farkl veri
kaynaklarinin kullanilmasina da olanak saglayarak

calisma alaninda meydana gelen degisimlerin
izlenmesini kolaylastiracaktir.
SONUC

Malazgirt Savas Alaninin Tespiti, Tarihi ve
Arkeolojik Yiizey Arastirmasi projesi kapsaminda
yuriitilen savas alan1  arkeolojisi  ¢alismalari

multidisipliner bir yaklasim gerektiren karmasik ve
zorlu siireclerden olusmaktadir.

Bu calismalarin basarili bir sekilde yiiriitiillmesi ve
bilimsel anlamda bir ilerlemenin saglanmasi i¢in CBS
tabanl bir veri tabaninin olusturmanin 6nemi biytiktiir.
Bu veri tabani, farkli bilimsel disiplinler tarafindan
iiretilen verilerin toplanmasini, bilgisayar ya da web
ortaminda saklanmasini, analiz edilmelerini ve
paylasmalarini kolaylastirirken, calismalara siireklilik
saglayacag gibi gelecekteki benzer ¢alismalar i¢in de bir
temel olusturur.

Ayrica, veri tabaninin sistematik bir yapiya sahip
olmasi, arastirmacilarin daha dnce yapilan ¢alismalara
erisimini kolaylastirir ve veri toplama siirecini
hizlandirr.

Boylelikle, sinirli kaynaklarla yapilan ¢alismalarin
verimliligi ~artar ve arastirmacillar analizlere,
buluntularin degerlendirilmesine ve sonug¢lara daha fazla
odaklanabilir. Bunun yani sira, veri tabani gorsel ve
mekdnsal sunumlarn destekleyerek, savas alam
arkeolojisi ¢alismalarinin sonuglarinin daha etkili bir
sekilde paylasilmasini saglar.

CBS temelli bir veri taban1 kullanmak ise farkl veri
kaynaklarinin = entegrasyonunu saglar ve savas
alanlarinin degisimi ve evrimi hakkinda daha fazla bilgi
saglar. Tiim bu unsurlar bir araya geldiginde, savas alani
arkeolojisi calismalarinin CBS temelli veri tabanina
dayali bir yaklasim, arastirmalarin daha verimli,
koordineli ve ileri diizeyde olmasini saglar.

Giiniimiizde, hem arkeolojik alanlarda yapilan
calismalarin etkili ve verimli bir sekilde yonetilmesi,
analiz edilmesi ve belgelenmesi gerekmektedir. Bu
baglamda, Cografi Bilgi Sistemleri (CBS) ile
iliskilendirilen veri tabanlarinin rolii bilyik ©6nem
tasimaktadir.
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1. Introduction

ABSTRACT

On February 6, 2023, two highly severe earthquakes occurred in a wide region encompassing
11 cities in Turkey, resulting in extensive damage and an official death toll exceeding 50,000.
In the aftermath of this catastrophic event that affected multiple cities, identifying the
locations of debris with potential survivors became a crucial challenge for search and rescue
operations. However, another significant obstacle emerged in obtaining accurate and genuine
addresses. Individuals who were either trapped themselves or had relatives under the
collapsed buildings attempted to report addresses using conventional communication
methods. Communication difficulties on lines prompted disaster victims to resort to internet-
based communication methods. Consequently, social media platforms emerged as powerful
tools for rapidly disseminating information to millions of people. However, alongside the
positive impact of social media, the risk of generating significant panic due to the spread of
fake news also surfaced. This study analyzes tweets posted on Twitter within the first 24 hours
following the earthquakes. Firstly, tweets containing reports of collapsed structures were
identified, and text parsing techniques were employed to extract address information. The
veracity of destruction at these addresses was confirmed using imagery captured from
Unmanned Aerial Vehicles (UAVs) in the aftermath of the earthquakes. As a result, a 90%
accuracy rate was observed in confirming the presence of destruction either at the reported
addresses or within a 100-meter proximity, based on the top 100 most widely shared reports
on social media. Moreover, the presence of numerous unidentifiable addresses highlights the
necessity for continued enhancements to the Address Registration System.

challenges encountered during this process is obtaining
accurate address information. Address reports provided

Earthquakes are natural disasters that result in
significant loss of life and property worldwide. In regions
with high earthquake risk, such as Turkey, the impacts of
earthquakes can be particularly severe (Avdar & Avdar,
2022). On February 6, 2023, two highly severe
earthquakes occurred in Turkey, resulting in numerous
casualties and extensive damage.

This disaster, which affected 11 cities, led to the
collapse of buildings on a large scale, resulting in people
being trapped under debris. Immediately following the
earthquakes, search and rescue operations were
initiated by various institutions and organizations in the
affected areas to locate survivors trapped under the
debris of collapsed buildings. Identifying the debris sites
with potential survivors becomes a critical problem in
such large-scale disasters affecting multiple cities. To
address this challenge, scans using different
technological devices were conducted at the indicated
addresses within the debris. However, one of the major

by individuals trapped under the debris or their relatives
are crucial for effectively guiding the efforts of rescue
teams. In this context, the address definition is
important. Itis provided with AKS (Address Registration
System) for the standardization of addresses in our
country (Tiirk, 2008). AKS holds immense importance as
it guarantees the continuous maintenance of accurate
settlement and address information for citizens residing
in Turkey. This is achieved through a centralized
electronic framework, effectively resolving the prevalent
confusion surrounding addresses (Ulutas, et al.,, 2021).
The Spatial Address Registration System Project (MAKS)
was established in order to combine the textual address
information on AKS with geographical coordinates and to
integrate the created infrastructure with other systems
(Oztiirk¢ii & Suri, 2020). Nevertheless, a study has
revealed that the addressing system in Turkey has not
been  thoroughly understood and effectively
implemented (Kili¢ & Giilgen, 2019).
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The scans conducted with technological devices
have made a significant contribution to detecting
survivors in the debris (Yilmaz & Demiréz Yildirim,
2020). However, alongside the available technological
capabilities, obtaining accurate address information is
also a critical factor. There is an application named as
“AFAD ACIL” developed by the Ministry of Internal
Affairs, Disaster and Emergency Management
Presidency. Thanks to this app users can view the
assembly areas and initiate an emergency call in case of
disaster. Although this application proves to be very
useful, it has been observed that most of our citizens have
not downloaded the application (according to number of
downloads in stores). Furthermore, there is also the
possibility that phones might not be with individuals
during an earthquake. Apart from these issues,
significant disruptions have also been experienced in
local telephone lines during earthquake. Due to these
problems, social media platforms have played a
significant role in collecting this information. Social
media, with its ability to reach millions of people quickly,
has significant impacts in various fields (Kankanamge et
al,, 2020). Particularly in the aftermath of earthquakes,
the contribution of social media in rapidly disseminating
reports and supporting emergency management is
undeniable (Nekoei-Moghadam & Savabi, 2021).

However, the influence and widespread use of social
media have also brought some challenges. Fake reports
and news can lead to serious panic and waste valuable
time. Therefore, evaluating the accuracy of earthquake
reports on social media and associating this information
with correct addresses is an important research topic.

This study aims to analyze tweets posted on the
Twitter platform during the relevant dates to identify
address information contained in reports of collapsed
buildings. Subsequently, the status of the buildings at
these addresses will be verified to analyze the accuracy
of the reports.

Table 1. Samples for collapsed reports tweets

2. Method
2.1. Dataset

The majority of rescue operations in earthquake
disasters occur within the first 24 hours (Maclntyre et al.,
2012). In this context, a dataset was created from tweets
posted within a 24-hour timeframe starting from the
occurrence of the initial earthquake on February 6, 2023,
at 04:17.

The Twitter API was used for data retrieval from the
Twitter platform. However, due to recent policy changes,
the platform has been shut down for free academic use.
As a result, alternative options for data retrieval were
explored, and it was determined that the APIFY platform
(www.apify.com) is most suitable for this task. The
platform utilizes code scripts called "actors" to extract
data from websites with various parameters. The "tweet
flash" tool (Larson, 2023) was used on this platform for
retrieving historical and keyword-based tweets. The
parameters of scraping are given below Table 1.

Table 1. Scraping parameters

Parameter Value

Keywords “hatay” and “enkaz”

Date interval 06 Sub. 2023 04:17 - 07 Sub. 2023 04:17
Number of

tweet per user 5000

Language Turkish

Other infos Number of retweets, Number of replies,
that scraped Number of likes, URL, timestamp,
(about tweet) images.

Other infos Username, fullname, number of

that scraped followers and followings, total tweet

(about user) count, total like count, profile picture.

To limit the scope of the analysis, we selected Hatay
city, which suffered the most damage in the earthquakes.
Some of the sample reports are given below Table 2.

Username Tweet

Timestamp Retweets Replies

Hatay belen sarimaz1 mahallesi tuna sokak no 16 da . .. hala enkaz

1 @can®™****  jltinda. Ekipler ¢ok yetersiz. Sarjimiz ¢ok az ve hava ¢ok soguk. Liitfen 2023-02-06 3987 328
s . 14:01:00
yetkililere haber verin. ...
22 saattir enkaz altindalar. . .. Mehmet Latif Giin Tugba Pinar Giin 2023-02-07
2  @Kked****** (5395558809 Antakya Hatay akademi hastanesi arkas1 /Odabasi 01:24:00 2231 62

Mahallesi Akademi Hastanesi sokak Akademi apartmani

3 @alp******

... enkaz altinda bina ¢6kmiis haber alamiyoruz . Glizelbur¢ mahallesi  2023-02-06
600 konutlar sitesi 7 blok kat 3 Hatay Antakya Hakan yavuz Ali yavuz

13:42:00 1466 46

As a result of the process conducted with these
parameters, a total of 46,011 tweets were retrieved.
These tweets were posted by 27,260 different accounts.
The average number of tweets per user was determined
to be 1.6. The users who posted the most tweets (more

than 20 tweets) are provided in Figure 1. The number of
followers for each user is also shown. Further research
can be conducted to determine whether the users who
posted the tweets are bots or genuine accounts.
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Figure 1. The users who tweeted more than 20

The distribution of tweets over time is depicted in
Figure 2, where the tweets are grouped into 2-minute
intervals. It is evident that tweeting activity commenced
immediately after the onset of the earthquake. On
average, 130 tweets were posted, with the highest
volume occurring between 17:00 and 23:00. However,
certain time intervals exhibited no tweet activity,
possibly due to API-related errors. Additionally, the
implementation of internet throttling on the specified
date in our country could have also contributed to this
intermittent tweeting pattern.

2.2. Method

2.2.1. Identification of tweets with reports

Following the acquisition of the dataset, the process
of selecting tweets that contain address reports has been
initiated. In this regard, the texts of the tweets have
undergone standard text preprocessing procedures.
Subsequently, the following regular expression (regex)
pattern, which represents an address information, has
been utilized. The regex statement for address pattern
(Equality 1);

"\b\d+\s+ ((?:\w+\.2\s?)+),?2\s? ((?:\w+\s?
)+), 2\s? ((2:\w+\s?)+)2' (1)

After matching this pattern, a total of 20,249 tweets
containing address information were obtained. It was
observed that some erroneous data was included at this
stage. However, due to the challenging nature of Turkish
address detection, these errors were disregarded.
Subsequently, an attempt was made to find an automated
method for extracting addresses from tweets, but no

@Merser I 17 5
> @Meh -+ I L

79
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@bareerr N 4, 299
@sinr+ I 3,432
©@boa™r+++ 7

@ANm S R 38
@berverr |
@erd++er 2
@ins*++ 7

ame

success was achieved in this regard. Therefore, the
decision was made to manually extract the addresses.
Instead of performing this process for over 20,000
tweets, the filtered dataset was sorted based on the
number of retweets to select the tweets with the widest
impact in the region. From this sorted set, the first 100
reports were chosen for visualization purposes.

2.2.2. Analyzing of address text for Turkey

Various issues have emerged in the obtained

address information. Examples of these addresses are
provided in Table 3.

Table 2. Samples of address text from tweets
Retweet Count Address Text

4763 Ekinci District Inénii Street B Block 3rd
3224 Floor Hatay/600 Residence Glizelburg
2452 Kurtulus neighborhood namik kemal

street no:18 Hatay/Kirikhan
As seen in Table 3, the address information is shared in
various formats, such as those without building names,
those indicating only a region, and those including
building numbers. Attempts were made to convert these
addresses to latitude-longitude values using different
APIs. However, due to the non-standard representations
of addresses in Turkey, this process was unsuccessful.
For example, with the Nominatim library written in
Python, an address in the United States can be easily
converted to a geocode value (lat-long).
The sample address from USA and geocode value is

given below:

- 175 5th Avenue NYC

- The geocode of this text “40.741059,-73.989641”

Tiirkiye Cografi Bilgi Sistemleri Dergisi
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No API for Turkish addresses or similar services could be
utilized, and the process of obtaining latitude-longitude
values from addresses was performed manually.

The number of tweets in the first 24 hours that after the earthquake (2min sensivity )
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Figure 2. The distribution of tweets over time

2.2.3. Finding the relates addresses

Accordingly, for the first 100 addresses, queries
were made directly on Google and Yandex maps using the
text within the tweets, and the obtained values were
recorded. Considering that search and rescue teams may
not be familiar with the specific city/region, it is
anticipated that they would rely on the address
information obtained directly from these reports. In this
context, the information within the tweet text was used
without any modifications or additions to the address
texts. As a result of these queries, it was observed that
some address information was incomplete, and some had
no corresponding location on the map.

Address Hit Status

50 A

40 1

30 1

Count

20 1

10 - 8

_n

Insufficient

Found Not Found

Status

Figure 3. The reported address hit status from related
text.

The address statistics for the first 100 reports of
collapsed buildings are presented in Figure 3.

The coordinates in the WGS1984 geographic
coordinate system for the address information found in
the tweets were used to create a point layer in ArcGIS
software. The points were categorized into three groups:
"Found," "Not Found,” and "Insufficient." For the
addresses that could not be found or had insufficient
information, a circular area with a radius of 100 meters
was used to represent their location.

To create a spatial distribution map, aerial images
captured by unmanned aerial vehicles (UAVs) shared by
the Ministry of Environment and Urbanization and
Climate Change were overlaid on a World Map Service
(WMS) imagery display service.

The study utilized the WMS (World Map Service)
shared by the respective Ministry to determine the
spatial distribution. WMS is a service that allows for the
visualization and sharing of geospatial data. Post-
earthquake imagery captured by Unmanned Aerial
Vehicles (UAVs) was integrated into the WMS imagery
service. By overlaying the UAV imagery onto the WMS
service, a visual representation of the spatial distribution
of the earthquake-affected areas was obtained. By
incorporating the WMS service into a Geographic
Information System (GIS) such as ArcGIS, it was possible
to map and analyze various geospatial data. The point
data obtained from the tweets was then combined with
the WMS imagery to generate a spatial distribution map.
This map illustrates the distribution of incidents
reported in the earthquake-affected regions.

The general workflow followed in the study is
illustrated in Figure 4.
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Figure 4. The workflow of the study

3. Results

After the earthquake, the buildings in the addresses
accurately identified through maps and the structures
surrounding the addresses that could not be found were
examined. Based on this, the destruction status is shown
in Figure 5 below.

Collapsed Detection Status

a4
40 A1
30 1
-
<
F]
o
)
20 1
10 1
0
Collapsed Collapsed Standing
Building Buildings Building
Nearby
Status

Figure 5. The real status of collapsed buildings that
reported via tweets

It was observed that out of the 53 reported
addresses with accurately identified locations, 46
buildings were collapsed. According to the examination
of post-earthquake maps, it was determined that the
structures in 7 addresses remained intact. As for the 54
addresses that could not be precisely located, it was
found that 9 of them had debris in their vicinity, while 51
had debris in a 100-meter radius. For 3 of these
addresses, no destruction was observed within the
scanned area of 100 meters. This indicates that the
accuracy rate of the reported addresses is approximately
90%.

The results were obtained by taking zoomed-in
visual images for the examined 100 points on the map.

All the images are shared on the GitHub repo named
as "kadirseker00/earthquakeTwitter". This study only

\ 4

showcases certain areas of Hatay /Merkez. The whole city
center is given in the Appendix part (Appendix 1).

For example, as seen in Figure 7, it was determined
that the structure in the 32nd address had collapsed. In
the regions marked as "insufficent” (highlighted in red)
in the 34th, 46th, 60th, 61st, 66th, and 70th reported
addresses, a significant number of debris can be
observed.

Moreover in Figure 7, as seen in the 49th and 34th
reported addresses, some reports indicate close or
overlapping areas. In this context, common marked areas
can be observed in the provided images.

In Figure 8, it can be observed that the buildings in the
addresses 14, 38, 77, and 89 have collapsed. The 9th
reported address, provided as "kislasaray 1 hatay," was
marked as insufficient, and the corresponding area
within a 100-meter radius (highlighted in blue) centered
around the general region was shown. Again, destruction
can be seen in that area.

Figure 6. The debris of the "rénesans residence

Indeed, one striking example of reports coming from
social media is the numerous reports regarding the
"Renaissance Residence" site and the surrounding debris
where many people lost their lives. These reports serve
as a vivid example of the information obtained through
social media channels regarding the extent of the
devastation and the need for rescue and recovery efforts.
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4. Discussion

In this study, it was observed that most of the
accurately located building reports were based on
numerical addresses. Addresses that directly mentioned
building names were found to be untraceable. Although
systems such as AKS and MAKS have been developed,
studies demonstrate the problems of a standardized
address generation system in our country and highlights
the significant impact it has. Additionally, repetitive
neighborhood, street, and building names in some
addresses also contribute to the confusion. it is therefore
considered urgent to discuss this issue and complete the
standards with ministries between local governments.
Another topic of discussion is the impact of social media

in such disasters. The results of this study show that the
majority of reports made through social media were
accurate. However, it is important to address the issue of
false information or untraceable addresses disseminated
by well-intentioned individuals during the chaotic post-
disaster environment. The presence of bot accounts in
such platforms is also a concern. In this regard, it is
necessary to establish domestic and national
systems/platforms where these reports are made by real
individuals. Lastly, authorities should actively promote
the awareness and adoption of essential applications like
AFAD ACIL. Additionally, there is a pressing need to
design such applications to cater to various earthquake
scenarios, ensuring their effectiveness.

Figure 8. The annotated visual of post-earthquake map reports - 2 (from Hatay city center)
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5. Conclusion

In natural disasters like earthquakes, social
media has both positive and negative effects. It has
been observed that during critical times when
traditional communication methods are disrupted,
internet-based communication plays a crucial role.
This study was conducted to demonstrate the impact
of social media following the earthquakes that
occurred in Turkey on February 6, 2023. Numerous
reports were made on Twitter after the earthquake,
and an investigation was conducted on the first 100
reports that were believed to have been widely
circulated (based on retweet count). The findings
revealed that 90% of the reports were accurate. It
was concluded that social media does not have a
significant negative impact as previously assumed.

Another significant outcome of this study is the
observation of the flaws in the addressing system in
Turkey. The continuous changes and repetitive
addresses in text form can lead to serious
misconceptions for search and rescue teams during
such disasters. Therefore, transitioning to
numerical-based unique and concise addressing
algorithms is recommended. Furthermore, this study
also considers investigating the origin and impact of
false reports as a subject of research.
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1. Introduction

ABSTRACT

Earthquake is a natural event that threatens living spaces on a global scale, cannot be
prevented, but its destructive effect can be reduced by taking precautions. In earthquake-
resistant settlement planning, determining the interaction of physical and spatial variables for
site components is a primary requirement. The aim of this study is to produce a digital ground
quality map that is scaled, rectified, projected and database interactively based on
contribution independent of amount through positional recoding and grading methodology.
Within the scope of studies towards this goal, ground quality was graded and impact
assessment of residential areas in terms of earthquake exposure was carried out. Three-
dimensional geographical modeling techniques were used on the digital platform and
attribute effects on ground quality were mapped one by one and coded in proportion to their
contribution to the result. As a result of field and laboratory studies, the analysis and modeling
results on the digital map we produced were compared with the critical settlements and
numerical data in the field. The impact risk of the ground was rated and detailed spatially in
terms of geographical and geological characteristics. In the final stage, based on the case study,
two districts from the Eskisehir-Turkey region were selected and the results of previous
projects were detailed to examine the ground quality of the regions. Data of all geographical
and geological parameters that contribute to ground quality as field components were graded
using GIS modeling techniques and layered on the digital platform again by coding. As a result
of this methodological study, a dynamic interactive digital risk map was obtained to check the
real condition of buildings in terms of earthquake effects.

detecting the locality which will be opened for settlement
play an important role in predicting the hazards in an
earthquake.

When planning residential areas, detailed analysis
of the geographical and geological characteristics of the
ground through three-dimensional models created on
digital platforms in a laboratory environment is of
priority and importance in order to ensure safe
settlement and reduce the destructive effect of the
earthquake. This stage determines securely that re-
structure of workspace design, engineering management
and the precaution to be taken before, during and after
the construction. At first, in order to detect the seismic
condition of the zone, earthquake hazard analysis and
engineering geological parameters must be determined
(Ayday et al, 2001). The engineering geology
applications to be used consist of geology, environment,
city and regional planning and architecture. Mapping the
data of the ground with different characteristics
according to the degree of earthquake danger within
these areas is called microzonation. The micro zoning
and land use maps of the ground that will be used in

For spatial analysis and three-dimensional modeling
within the framework of topological rules, the
coordinates on the digital map and the geographic
coordinates in the field should be associated. With GIS
(Geographic Information System) techniques which
enable gathering, modeling and analyzing geographical
data, three-dimensional assessments can be performed
and the data sets can be defined volumetrically by means
of coordinating three-dimensionally (Bonham-Carter,
1994).

In this study, by two and three-dimensionally
modeling the geological engineering parameters
obtained from the field and laboratory surveys, their
positional relations are revealed and the ground quality
distribution is mapped. In order to explain distribution of
ground quality characteristics precisely, a model had
been constructed considering all related attributes of
geographical parameters by CIAPRG (Contribution
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Independent of Amount through Positional Recoding and
Grading) Methodology.

2. Geographical and geological peculiarity

Two districts called Kurtulus and Gokmeydan
(Eskisehir-Turkey) were designated for as the study
area. Study area which is included settlement area is
length E-W direction is 1,74 km and N-S direction is 0,62
km and is 785 m above sea level located (Figure 1).

Studied area is located between Eskisehir Fault Zone
and North Anatolian Fault Zone. In addition, this area is
located in the second-degree earthquake zone and
contains geological units such as new alluvium, old
alluvium and rock unit (Nefeslioglu et al., 2003).

Center coordinate of studied area

39.770984, 30.535159

Kurtulus

Gokmeydan

Turkey «- AR 7 ) v S

Figure 1. Location map of the study area

In this area, new alluvium ground is at high
earthquake risk due to its liquefaction potential.
Generally, below this level is silty clay in which silt
percentage is higher and thick clay layer. In the lower
layers, there is sand level and then below is silty sand. In
the lower layers sand percentage increases and gravelly
sand starts (Ayday et al., 2001).

3. Methodology and application
3.1. Modeling and mapping methodology

CIAPRG (Contribution Independent of Amount
through Positional Recoding and Grading) method
stages, in which the analysis and modeling process steps
of the interactions of physical and spatial relationships
between field components are used, have been
effectively applied in our study. The purpose of the
CIAPRG Methodology is to define the effect of the
relational physical and chemical properties of the
components on the 3D digital model and to structure
them as map layers in element class format, taking into
account the structural relationships between the
components. (Altan etal., 2016). In the application phase,
the components of the risk distribution to be mapped are
first defined. Each of these components contributes to
the total risk distribution in different ways in terms of
structural, physical and locational aspects. By averaging
the contribution of each impact, a distribution of total
risk values is created and layered in the digital platform.
Each variable that contributes to the risk distribution and
each component that constructs that contributor should

be structured at a different layer where the locational
relationships will be modeled. Each component which
contributes to the risk in the area takes a score as the risk
contributor. At this stage, the vector based risk
distribution map layer is transformed by the grid based
map layer. The extent of contribution to the risk is
defined by the relative contributions of other
components. The contribution of each component
depends on its own characteristics. These individual
characteristic scores are written at the grid related
coordinate and are correlated with their own
characteristic information. Hence, it can be included in
the calculations using the grid value. The contribution to
the risk of each component in the same coordinate is
different to that of the other components. The important
point here is that each grid value represents the degree
of contribution to the risk in the related coordinate. After
this, the noted score at each grid is added to the other
grid values at the related coordinate. Therefore, the
recorded score at the related coordinate and grid will
give a changeable result with the correlation of the extent
of contribution to the resulting value which denotes the
total result. In the last stage, the amount of contribution
to the risk distribution was recoded due to its
contribution to the risk and its own characteristic. The
resulting map is a grid-based, scaled, coordinated,
projection-defined and data base interactive digital map.
On that map, for each of the coordinates, a grid based
examination is possible. The contribution to risk can be
examined for every separate coordinate, and therefore,
the contribution of the component itself can be obtained
as a ratio or the contribution of all the components can
be obtained as a total. In this way, the researcher can
interpret the results in terms of the different
contributions of the components.

3.2. Mapping of individual layer
3.2.1. SCPT (seismic conic penetration test)

In terms of potential effects on accurately modelling
and analyzing, it is very important that digitally define
the threat of seismic activities to the ground of the
settlement with geographical coordinate sensitivity,
Kramer (1996). In addition to these related parameters,
liquefaction potential is one of the most important risk
factors.

The micro zoning and land use maps of the ground
must be used for detecting the locality of settlement
before will be built for predict studies the hazards in an
earthquake. SCPT, which improved for this purpose, is
one of the most important geophysics methods that are
commonly used for determining the properties of
dynamic ground (Campanella et al, 1986; Luna et al,,
2000). On the other hand, empirical relations are the
most important parameters in the process steps of the
CPT (Conic Penetration Test) method (Suzuki et al,
1995). CPT makes it possible to measure constantly the
penetration resistance of the ground and enables
determining very thin layers that cannot be determined
by using other techniques.
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3.2.2. Field studies and modeling

A total of 69 different SCPT drilling data were used
in the field research carried out with Anadolu
University's SCPT device, and a general distribution was
obtained by modeling the necessary data from 279
different layers (Ayday et al., 2001). In the context of this
study, in terms of digital map layer formats, firmness
values (N60) mapped, recoded and graded according to
its contribution to the ground quality by CIAPRG
methodology steps.

Vs (Shear Wave Velocity) is one of the parameters
that are used especially for determining the effects of the
earthquake-borne strong ground movement in alluvial
grounds (Bozdag, 2002). In another phase of this study,
seismic ground effect was determined by assessing the
Vs profile. Modeling and mapping of Vs distribution
results, obtained by using effectively the GIS techniques,
played an important role in determining earthquake risk.
Vs measurements of alluvial ground were taken by SCPT
that obtained in the microzonation stage of ground
survey studies carried out in the year 2001 by Anadolu
University, and rate of Vs change of the ground was
modeled (Ayday et al., 2001). In the context of this study,
Vs intermediate values distribution map that were
calculated and mapped by using seismic records taken
from the area was reexamined and Vs values were
recoded and graded according to the contribution level
to the ground quality of study area.

We included the NEHRP (National Earthquake
Hazards Reduction Program) ground classification
method, which is used to determine the effects of
earthquakes according to ground conditions, at this stage
of our study. Determination of ground motion growth
standards are obtained by using regional conversions of
Vsavr (Average Speed Values of Shear Waves) of discrete
grounds in upper levels, (Bauer et al, 2001). NEHRP
(1997) soil classification are formed according to these
standards and ground is divided into 6 different classes
(Table 1). In this classification, value of ground motion
growth increases from class A to class F (Street et al,,
1997).

Table 1. NEHRP ground classification parameters
Soil

Type General Description Vs (m/s)
A Hard Rock Vs >1500
B Rock 760<Vs<1500
C Hard or stiff soils; most gravels 360<Vs<760
Sand silts and/or stiff/very stiff
clays, some gravels. Having

D average blow counts of 15sN<50 180<Vs<360
or average shear strength of
50kPa<S<100kPa
Having thickness lower than 3

E meters and P1>20, w=40% and Vs <180
Su<25kPasoft clay

F Needs specific calculations

Vsavr values were determined for each of SCPT in
central Eskisehir and its vicinity by using first and last
level reference signals. NEHRP soil classification was

done by using regional conversions of obtained Vsavr
values (Ayday et al., 2001). For the purpose of explaining
the ground behaviors in earthquake ground motion in
detail, D soil class interval 180<Vs<360 m/sn was
divided into classes in itself. Class D was divided into
intervals of D1: 180<Vs<240 m/sn, D2: 240<Vs<300
m/sn and D3: 300<Vs<360 m/sn, Street (1997). Soil
classification of central Eskisehir and its vicinity was
done and mapped according to this principle (Tiin et al.,
20044, b). Regions having condensation risk in previous
NEHRP map, recoded and graded in terms of its effect on
ground quality in the context of this study.

Earthquake waves, which have different
characteristics in terms of the physical and geological
characteristics of the ground of residential areas, were
also examined in terms of motion characteristics in this
study. Soil's water saturation, classification and
granulation, the regions where the ground water levels
are close to earth surface and the regions where the
thickness of alluvium increased includes very important
risks in terms of the buildings that is destroyed by impact
of earthquake.

Electrical resistivity applications has been applied in
112 locations at city center by Government Water
Department with a depth of nearly 60 m. The geophysical
measurements obtained revealed that, the thickness of
the alluvium in the studied area varied between 10-25 m,
and that the northern east part reached a thickness
varying between 10-15 and 15-25 m due to the over-
storage of materials carried away by the Porsuk river
(Azdiken & Catalyiirekli, 2001). The map of alluvium
thickness recoded and graded in terms of its effect on
ground quality in the context of this study for using
CIAPRG methodology. The high level of Sand and silt
proportions in the regions where alluvium thickness
increases causes ground saturation. Around the river in
the studied region, while towards the north direction
thickness of alluvium increases, the deepness lays off
from topography and the level of ground water closes to
the earth surface (Figure 2).

N 4405952. m
4405394. m
4405114. m

L 4405673. m

‘4/3/")03 14.m
{ < "539(‘35. i

> 2 Sk‘)()gt;‘ m

Py 288477, m

<287898, 1y

EXPLANATIONS

- Topography

Figure 2. Relationship of topography-thickness of the
alluvium-underground water level

- Alluvium thickness -Undcrground water level
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According to the closeness of the ground water to
the earth of its effect on ground, quality was recoded and
graded in this context of the study (Altan et al., 1999).

Ground classification map of studied area was
recoded and graded in terms of its effect on ground
quality in the context of this study for CIAPRG
methodology application. According to model (Tiin et al.,
2005) which was built by Anadolu University in 2005 and
included the whole study area, study area is located
where class E is densed and has high growth feature
which is lower than 5 m. Volume elements of obtained Vs
and saturation potential were modelled in three
dimensions for CIAPRG methodology application steps
and could be enabled more realistic interpretations
compared to two dimensional maps in this context of the
study (Figure 3).

In addition to this, in consequence of the analysis on
model which was built in context of CIAPRG
methodology, volumetric distribution of Vs speed was
revealed in the area of 5 m below the surface and the
layers where less than 108 m/s values were obtained.

EXPLANATIONS
E Soil Type in order to NEHRP
or Vs < 180 mis

I Uiquetaction Potential

Figure 3. 3D Modeling of Vs-liquefaction potential and
liquefactionable ground

According to the model, the layers with high sand
and clay percentages are concentrated below 4m depth.
For this reason, it is estimated that these overlapping
areas will be under the influence of earthquake-borne
ground movement double risk factor. The settlements on
these areas will be damaged more. The positionally
distribution of the liquescent ground could be
interpreted based on the three-dimensional volume
modeling produced by CIAPRG methodology steps
(Figure 3). On these loose grounds, earthquake-borne
ground movement magnifying effect and liquefying risk
are encountered (Figure 4).

In order to determine the risk of earthquake in
settlement areas, all the sources that have seismic
activity must be detected and their future potential
devastation capabilities must be estimated, Kramer
(1996). For this reason, the ground properties must be
known and modeled in detail.

The relationship between the resistance of
normalized conic end (qu), friction rate (Rf and
liquefying potential used in CPT studies are important
parameters in determining the liquefying potential
(Nefeslioglu et al., 2003).

EXPLANATIONS

I Shear Wave Velocity “ Vs (m/s)” < 200
I Liquefaction Potential
I Soil Class: Sand

Figure 4. 3D Vs-liquefaction-sand distribution

0.5% Rrequals to approximately 5% fine grain rate
and 1% Rrequals to about 10% fine grain rate. Therefore,
Rf value can be used for characterization of fine grain
rate. The fact that qit value is less than 15 Mpa and R
value is less than 1% shows the liquefying potential
(Suzuki et al., 1995). The potential of liquefaction was
recoded from distribution map for building digital map of
layers and graded in accordance with its contribution to
the ground quality by CIAPRG methodology steps.

In context of this study, 25 drills and about 80 layers
were used for creating a 3D model in terms of CIAPORG
methodology applications. The areas where fine grain is
lower than 35% and where sand is existent more than
40% yield unfavorable effects in terms of ground quality.
It could be defined distribution of the sand (more than
40%) and fine grained (less than 35%) on different
volumes of model thanks to CIAPRG methodology steps.
Even if couldn't enough drills present on the target part
of the study area, as artificially it could be made drills
more than available drills on the 3D model at the related
coordinates and could be modelling as 3D. While cutting
the model volume from any levels horizontally, it could
be produced, 2D distribution levels based on GIS
applications. In terms of the underground components,
thanks to CIAPRG methodology steps, this distributions
could re-produced as a 2D map layer. In accordance with
the objectives of the study, different 2D layers can be
produced and spatial modeling can be made among
themselves by based on GIS mentality. (Altan et al,
1999). In context of this study, digital map of the study
area has been overlapped to the distribution of risky
region layers in the model and these region effects on the
ground quality have been recoded and graded by CIAPRG
methodology application steps (Figure 5).

Ground types was classified in accordance with
Robertson-1986 by modeling the data obtained from
scientific research project related the CPT studies carried
out by Anadolu University (Ayday et al., 2001). These
ground classes have been recoded and graded again in
accordance with the level of contribution to the ground
quality in the context of this study in terms of CIAPORG
methodology steps.
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EXPLANATIONS

[ > 40% sand

35% Fine grained Soil

<10, m

Figure 5. Overlapping 2D and 3D digital maps

The figures, qu and R obtained from CPT data,
exhibits different liquefying characteristics of attribute
distributions depending upon the sort of the ground. It
has been determined that the workspace includes the 7,
8 and 9 numbered sort of soil. Unified soil classification
map have been prepared in accordance with the obtained
data and within the scope of this study; the variables in
the map graded and recoded in accordance with their
effect on the soil quality by CIAPORG methodology.

3.3. Locational analysis and modeling

3.3.1. Spatial analysis with CIAPRG methodology
for map layers

In context of this study, digital distribution
relationally map layers have been re-produced for each
of the contributors exhibited different qualities using
analyzed data thanks to CIAPORG methodology steps.
Superimposed maps have been used as contributor
layers, which were classified and recoded, and the final
ground quality distribution map have been generated by
using CIAPRG methodology.

The superimpose process in terms of contribution of
ground quality as an example for only one grid, located at
the same coordinate in each contribution map, is shown
in Figure 6. Thanks to the CIAPRG methodology
applications, since the reproduced layers with the data
obtained from field studies are defined in scaled,
coordinated and projected, all areas and volumes
examined on the digital map represent the facts in the
field. The distribution maps in these layers can be
superimposed by coordinated satellite image, and the
spatial and volumetric characteristics of the study area
can be revealed. This grading of ground quality and the
effect assessment of residential areas when exposed to
earthquake are exhibited with high resolution in artificial
model scaled, rectified and projected.

The virtual model, which was produced from the
analysis of the real field data, was re-coded and modeled
again in terms of the total ground quality as a percent.
These values, which were calculated, recoded and graded
for each map, were generated for characterization of
ground quality. All layers were overlapped with GIS
techniques and effect parameter, re-analyzed, and
modelled by CIAPRG methodology steps.

',‘W (4) Ground quality classification map
= Z l (2) Ground classification distribution
-— ’L (1) Underground water level distribution
by l (3) Recoded Vs values distribution

(2) Recoded Unified Soil Classification
(3) Soil Classification distribution

(1) Recoded liquefaction distribution
(1) N60 values distribution

(1) Thickness of the alluvium distribution

() NEHRP ground classification distribution

> - I (1) Sand-fine grained distribution

{

Total value = 17
Recoded value = 4

Figure 6. Example showing the superimposed process, in
terms of contribution of ground quality, for one grid

Three-dimensional geographical modeling
techniques were used in digital platform and the
parameters affecting the ground quality are encoded
again in the ratio of their contribution to the outcome by
mapping one by one (Figure 6).

3.3.2. Determination of the number of storeys of
the buildings in the study area

A pilot region consisting of 2 districts was
designated for as the study area. The number of the
storeys of 2713 buildings in the pilot region, consisting of
the districts of Gokmeydan and Kurtulus, was
determined and was linked to relational database. As a
part of this study, all the building in the workspace were
examined one by one at the whole region and their
physical properties was determined and digitized, and
their features data was saved to database in terms of
CIAPRG methodology steps.

3.3.3. Constitute of ground quality map.

In this study, effect parameter figures (included the
ground firmness degree, velocity of shear wave, ground
class, alluvium thickness, the approximation of the
underground water to the surface, soil, liquefying point,
fine grain and sand percentages) was mapped and
modelled in 2D and 3D in terms of their contributions to
the ground quality. In the wake of micro zoning studies,
workspace is divided into 20 categories and the area each
category covers is determined in percentages. The 1st
ground category is the hardest and 20t ground category
is the weakest one, for each variable reduces the quality
of the ground (Figure 7, 8).

4. Conclusion

As a result of our field and laboratory studies, a 3D
model-based ground quality classification map
containing the contribution levels of all considered
parameters was produced. This map, exhibits potential
risks in terms of ground stability, should be used
effectively in local authority’s housing efforts and all the
physical properties layer by layer should be considered
during construction based on CIAPRG modelling.
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Explanations
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(3.9%) [ Ground quality 6 (15.0%) [l Ground quality 14 [ Gokmeydan district
(2.0%) [ Ground quality 7 (9.8%)[ | Ground quality 15

(1.3%) [l Ground quality 8

i Kurtulus district
Figure 7. Ground quality classification map

In an attempt to evaluate the present condition of
the workspace, in the map, vector polygons for each class
was made by using positional modeling techniques and
the buildings were determined in accordance with their
ground class.
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Figure 8. Overlap digital map of the studied area to
model as virtually. (Storey-Ground quality classification
relationship)

The distribution of ground classes according to the
number of buildings and their height were examined
statistically. Thanks to the CIAPRG analysis and modeling
process steps, buildings with a selected degree of risk
hazard could be found interactively on the database and
could be mapped as a separate layer. For instance, using
this digital map by CIAPRG steps, it could be separately
mapped the buildings belongs to top priority risk like
eight-storey with 20-point ground quality, eleven-storey

with 14-point ground quality, eleven and ten-storey with
11-point ground quality (Figure 9).
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Figure 9. Relationship between risky buildings and
ground quality
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Figure 10. Relationship between ground quality and
storeys

On the same coordinate ground quality and storey
height have been gathered together and graded, and a
new classification prepared (Figure 10). The map
prepared at the end of this classification shows the risk
in the settlement in the workspace in a way that involves
the contribution of all parameters. Local authorities
should be more cautious about buildings at the 8 to 10
graded scores and take necessary precautions in order to
reduce risk.
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ABSTRACT

Earthquakes are catastrophic natural disasters and along with their aftereffects, they have
caused significant fatalities, injuries and economic losses throughout history, and have
changed the landscape physically. There is a need to understand the distribution and
associated damage patterns of earthquakes to be better prepared and to ensure mitigation of
damage in the future. This study analyses the spatial and spatiotemporal trends of earthquake
occurrence and associated fatality at a global scale over the 215-year period between 1800
and 2015. Spatial and spatiotemporal analyses revealed that certain countries in Asia
including Tiirkiye, China, India, Pakistan and Indonesia suffered the most both in terms of
fatality and earthquake occurrence. There were significant spatiotemporal clusters of
earthquake occurrence over this time period on the southern half of Asia, Tiirkiye and
southwest Europe and northern Africa. The findings of the study provide a spatial and
spatiotemporal characterization of fatal earthquakes and improve our understanding of these
patterns at the global scale. Spatial analyses covering longer time intervals at regional and
global scales should be undertaken in future studies to provide a more comprehensive

Published: 25/12/2023

1. Introduction

Throughout history, earthquakes and their
associated aftershocks have resulted in a large number of
injuries and deaths, as well as significant economic loss
and changes in the physical landscape. Most earthquakes
take place on major plate boundaries and in areas that
are subject to stress from the movement of the plates
(Shedlock & Pakiser, 1998). There is a need to
understand the distribution of earthquakes and the
associated damage resulting from them to be better
prepared and to mitigate any damage in the future.

We have some understanding of spatial
distributions and/or fatality associated with
earthquakes at the country and regional levels
particularly in certain seismically active regions. For
example, Al-Ahmadi et al. (2014) analyzed spatial
patterns of earthquake occurrence between 1900 and
2009 in the Red Sea to identify seismic clusters. Spatial
analysis of earthquake occurrence and fatality in Tiirkiye
for the period 1900 and 2015 was conducted by Gokkaya
(2016). Province and region scale geostatistical analyses
of earthquake occurrence in Tiirkiye were carried out by
Akyiirek & Arslan (2018) for the period 1900 and 2016
and Tagil & Alevkayali (2013) for the period 1900 and
2012, respectively. Seismic activity around the island of

understanding of earthquake occurrence and associated damage patterns.

Cyprus for the period between 1900 and 2021 was
spatially analyzed by Alevkayali & Dindar (2022).
Hashemi & Alesheikh (2011) analyzed the spatial and
temporal trends of seismic activity since 1900 in Tehran,
Iran. Annual mortality risk associated with earthquakes
was modelled at the global scale by Li et al. (2015).
Spatiotemporal characteristics of earthquakes have been
addressed at the national and regional scales in a few
studies. For example, Zohar et al. (2017) evaluated the
spatial and temporal trends in earthquake occurrence
and associated damage in Israel. Zheng-Xiang et al.
(2005) analyzed shallow (focal depth < 70 km) and
strong (Ms= 6.0) earthquakes and fatality associated
with them between 1901 and 2001 on mainland China.
Benito et al. (2004) looked at the temporal and spatial
trends of earthquakes in 2001 in El Salvador. Xu & Ouchi
(1998) analyzed spatial and temporal characteristics of
great earthquakes (Ms> 8.0) that occurred in Asia
between 1934 and 1970. Utsu (1980) characterized the
spatial and temporal distribution of earthquakes in
Japan. In California, United States, Godano et al. (1999)
tested a multifractal declustering method to predict
spatiotemporal distribution of earthquakes between
1975 and 1995.

It is obvious from the abovementioned studies that
a spatiotemporal analysis of earthquakes, i.e., how they
are distributed through time and space, at a global scale
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is missing. Having information on the spatial and
spatiotemporal patterns of earthquake occurrence and
associated damage is important and necessary for a)
filling the missing knowledge gap in terms of basic
science, and b) better preparedness and damage
mitigation for future earthquakes in terms of policy and
practical aspect. In this study, the earthquakes that took
place since 1800 which resulted in fatality at a global
scale were examined. Specific objectives are to i) analyze
the spatial patterns of earthquake occurrence and
associated death at the country level, and ii) investigate
the spatiotemporal patterns of earthquake occurrence.
Findings are expected to improve our understanding of
global trends of earthquake occurrence and associated
fatality in a spatiotemporal context.

2. Materials and methods
2.1. Data

The earthquake data were acquired from
National Centers for Environmental Information,
Significant Earthquakes Database (NOAA, 2021). Only
those earthquakes which caused death directly from the
earthquake (i.e., excluding the earthquakes with fatality
that only was caused by secondary effects like tsunamis
and landslides) between 1800 and 2015 were
considered. Shapefiles with global administrative units at
the country level were downloaded from the Global
Administrative Areas website and then converted to
Equidistant Azimuthal projection (GADM, 2021). This
distance preserving projection allowed accurate spatial
statistical calculations. Next, earthquake location point
shapefile was joined to the global countries polygon
shapefile by summing number of earthquakes and
fatality. Finally, histogram of earthquake magnitude was
generated to obtain descriptive characteristics.

2.2. Spatial analysis

Average nearest neighbor (ANN) analysis was used
to test whether earthquake distribution had a clustered
pattern. In this analysis, the distances between each
feature centroid and its nearest neighbor's centroid are
measured and then all these nearest neighbor distances
are averaged. The ANN ratio is calculated by dividing the
observed average distance by the expected average
distance according to the formulae below:

Do
Dg

1)

where D, is the observed mean distance between
each feature and its nearest neighbour:
— s dg (2)
0 n
and Dy is the expected mean distance for the
features given in a random pattern:

5. _ 05 (3)

g _,/n/A

here d; represents the distance between feature i
and its nearest neighbouring feature,

n corresponds to the total number of features, and A
is the area of a minimum enclosing rectangle around all
features, or a user-specified area value.

If the average distance is less than the average for a
hypothetical random distribution (i.e., when the ANN
ratio is less than 1), the distribution pattern is considered
clustered. If the average distance is greater than the
average for a hypothetical random distribution (i.e.,
when the ANN ratio is greater than 1), the distribution
pattern is considered dispersed (Rogerson, 2015).

Statistically significant clusters and outliers of
earthquake occurrence and fatality at the country level
were identified using the Anselin Local Moran’s I statistic
(Anselin, 1995). The Local Moran’s I coefficient for the i
observation is defined with the formula:

(x; — %) Xiawij(x; — X) (4)
0-2

Iiz

where n is the number of spatial objects (the
number of points or polygons), x; are the values of the
variable for the compared objects, x it is the mean value
of the variable for all objects, w;; is the spatial weight
between feature i and j, and o2 is the variance, which is
calculated as follows:

o X =2 (5)
n—1

This statistic was preferred over hot spot analysis
because it also allows for the identification of outliers. A
positive I value indicates that a feature is surrounded by
features that have similarly high or low values, i.e,, it
belongs to a cluster. A negative value for [ indicates that
a feature is surrounded by features with dissimilar
values, i.e., an outlier. Z-scores and p-values were then
calculated, which are used to determine significance. A p-
value of 0.05 was used as the significance threshold. In
addition, a fixed distance band spatial relationship with a
Euclidean distance (i.e., straight line distance) and a
4971835 m threshold distance was used in the analysis.
The threshold distance (i.e., the distance at which the
spatial autocorrelation is maximized) was determined
using an incremental spatial autocorrelation function.

2.3. Spatiotemporal analysis

Earthquake occurrence data between 1800 and
2015 were analyzed using space-time scan statistics to
understand the spatiotemporal patterns of the data. The
open source SaTScan software with the retrospective
space-time analysis with a space-time permutation
probability model was employed to identify clusters. In
this analysis, the space-time permutation only requires
case data with spatial location and time information. A
cluster in a geographical area is identified if during a
specific time period, that area has a higher proportion of
its cases in that time period compared to the remaining
geographical areas. This is done by comparing the
number of observed cases in a cluster to what would
have been expected if the spatial and temporal locations
of all cases were independent of each other so that there
is no space-time interaction. The analysis uses a
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cylindrical window, in which the circular or elliptical
base corresponds to space and the height represents the
time period of potential clusters. Then, the cylindrical
window is moved in space and time, ensuring that each
possible time period is considered for each possible
geographical location and size. As a result, an infinite
number of overlapping cylinders of different size and
shape (each of which represents a possible cluster),
jointly covering the entire study region are obtained. The
significance of identified space-time clusters is
determined by the p-value, which is calculated with the
Monte Carlo replication. SaTScan performs simulations
to generate a number of random replications of the
dataset. The null hypothesis is that there are no clusters
and it's rejected if the maximum likelihood ratio
calculated for the most likely cluster in the dataset is
greater than the maximum likelihood ratios calculated
for the most likely clusters in the random dataset
(Kulldorff, 2015).

In the space-time permutation model, the likelihood
ratio function approximates a Poisson distribution. The
Poisson generalized likelihood ratio (GLR) is used to test
the null hypothesis (Kulldorff et al. 2005). The Poisson
GLR is obtained by the following formula:

c _ . (C—c
(E[Cc]) (CC— EEC]) 10 *

where C is the total number of cases, ¢ is the
observed number of cases within the window, E [c] is the
expected number of cases within the window under the
null-hypothesis, C — E[c] is the expected number of
cases outside the window, and /() is an indicator function
set to 1 when SaTScan scans for clusters with either high
or low rates.

Among the many windows evaluated, the one with
the maximum GLR constitutes the space-time cluster of
cases that is the least likely to be a chance occurrence
(Kulldorf et al. 2005). A more in-depth statistical
discussion of the space-time permutation model can be
found in Kulldorf et al. 2005.

One of the outputs of SaTScan analysis is a shapefile
showing the identified clusters. The attribute table of this
shapefile includes information about the cluster

centroids, cluster radius, start and end date of time
interval of the cluster, the number of earthquakes in that
cluster and the associated p value. This cluster shapefile
was overlaid the countries and earthquake occurrence
layers to generate the spatiotemporal cluster map.

3. Results and discussion
3.1. Descriptive statistics

There were 1558 earthquakes resulting in fatality
between 1800 and 2015. Magnitude of these earthquakes
displayed a normal distribution with an average of 6.4
with 5.8 and 7.1 representing the 25% and 75t
percentiles, respectively (Figure 1). The total death toll
associated with the earthquakes over this time period
was 2731370. Haiti was by far the country that suffered
the most in terms of fatality per earthquake with only
four earthquakes resulting in approximately 321000
deaths. Turkmenistan and Armenia followed Haiti which
had 36803 and 13945 fatalities per earthquake,
respectively (Appendix 1).
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Figure 1. Histogram showing the magnitudes of the
earthquakes between 1800 and 2015

3.2. Spatial patterns

Earthquake distribution was very significantly (px=
0) clustered and concentrated around plate boundary
lines in Asia, Europe, Oceania, Africa and North, Central
and South America (Figure 2).
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Figure 2. Global distribution of fatal earthquakes that occurred between 1800 and 2015
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Only nine countries were significant clusters or
outliers of fatality resulting from the earthquakes
between 1800 and 2015. In these countries, 2170820
people died, which accounts for 79% of the total death
toll over 215 years (Table 1).

Table 1. Countries that are significant clusters of fatality
resulting from the earthquakes between 1800 and 2015

*High-high (HH) clusters refer to those countries with high
fatality values which also are surrounded by countries with high
fatality values while high-low (HL) outliers refer to those
countries with high fatality values which are surrounded by
countries with low fatality values. p values smaller than the order

of 10-3 are expressed as ~ 0

All the countries were located in Asia with the

Country Total fatality pvalue Cluster type exception of Italy and Haiti. Japan, China, India, Pakistan,
China 732126 ~ 0% HH Iran and Turkmenistan were high-high clusters,
Japan 224831 ~ 0% HH indicating that the countries around them also had high
Pakistan 157996 ~ 0% HH fatalities. On the other hand, Italy, Tiirkiye and Haiti were
Iran 249573 ~ 0% HH hlghTIF)W optllers, surrounded by coun-trle.s Wl'Fh. loyv
Haiti 321006 ~ 0% HL fat-alltles (Figure 3.). Sorpe of these COUl:ltI‘leS 1dfent1f1e(.i in

) this study as high-high clusters like India, China,
Turkmenistan 110411 ~ 0% HH Pakistan, Iran, and Turkmenistan also were found to
Italy 149611 4.1x10 HL have high annual earthquake mortality risk by Li et al.
India 61470 0,01 HH (2015).
Tiirkiye 163796 0,05 HL
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Figure 3. Distribution of countries that are clusters and outliers of total death resulting from the earthquakes between

1800 and 2015

Fourteen countries were significant clusters or
outliers of earthquake occurrence over the 215 year
period. Total number of earthquakes in these countries,
1056, made up 68% of the total occurrence (Table 2).

Table 2. Countries that are significant clusters of
earthquake occurrence between 1800 and 2015

Country Total fatality pvalue Cluster type
China 174 ~ 0* HH
Iran 149 ~ 0* HH
Japan 81 = 0* HH
Tiirkiye 129 = 0* HL
Taiwan 57 = 0* HH
Italy 69 1.3x10-3 HL
Pakistan 31 1.8x10-3 HH
Afghanistan 32 45x103 HH
India 31 0,01 HH
Indonesia 101 0,03 HL
Peru 61 0,04 HL
Greece 61 0,04 HL
Mexico 51 0,06 HL
Algeria 29 0,08 HL

*High-high (HH) clusters refer to those countries with high values
of earthquake occurrence which also are surrounded by countries
with high values of earthquake occurrence while high-low (HL)
outliers refer to those countries with high values of earthquake
occurrence which are surrounded by countries with low values of
earthquake occurrence. p values smaller than the order of 10-3
are expressed as = 0

Most of the countries that had high fatality also were
clusters or outliers of earthquake occurrence. Additional
countries that had significant clusters of earthquakes but
not significant clusters of fatality included: Algeria in
Africa; Mexico and Peru in the Americas; Taiwan,
Indonesia, Afghanistan in Asia; and Greece in Europe.
Unlike the fatality patterns, Turkmenistan and Haiti did
not show significant clusters of earthquake occurrence.
This is reflected in their very high fatality rates
(Appendix 1). Indonesia, Tiirkiye, Greece, Italy, Algeria,
Peru and Mexico were significant outliers surrounded by
countries that had a small number of earthquakes.
Similar to the pattern in fatality, most of the countries
identified in Asia were surrounded by countries that also
had a high number of earthquake occurrence (Figure 4).
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Figure 4. Distribution of countries that are clusters and outliers of total earthquake occurrence between 1800 and 2015

3.3. Spatiotemporal earthquake

occurrence

analysis  of

Spatiotemporal analysis identified 12 clusters, most
of which were centered over Asia. Three of them were

over Tirkiye and one of them was over Iran. There was
one in Central America over Guatemala and El Salvador,
and two in South America, one between Argentina and
Chile border and the other one at the tip of the continent.
However, only four of these 12 clusters were significant.
They are indicated in blue circles in Figure 5.
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Figure 5. Spatiotemporal clusters of fatal earthquakes between 1800 and 2015. The clusters highlighted in blue are

significant spatiotemporal clusters

Cluster 1 centered over the southern half of Asia
included 374 earthquakes that occurred between 1996
and 2015 over a 20 year period resulting in 815697
deaths, or 30% of the total death toll over the 215 year
period. The locations of the earthquakes were scattered
across the countries identified as high clusters of
earthquake occurrence and/or fatality such as India,
China, Afghanistan, Pakistan, Tajikistan, Nepal and
Indonesia. The other significant geographically large
cluster, (cluster 2) covered Western Europe, western
portion of Africa and eastern section of Brazil and the
Azores in the Atlantic. There were 141 earthquakes in
this cluster which corresponded to a 75 year period

between 1817 and 1891 resulting in 184295 deaths, i.e,,
7% of the total death toll over the 215 year period.
Almost all of the earthquakes occurred in the
Mediterranean basin including Italy, western Greece,
northern Libya and southern Spain. Cluster 3 was mostly
over Tirkive and the Black Sea. This cluster
corresponded to an eight year period between 1938 and
1945 during which 80 earthquakes occurred, all of which
were in Tiirkiye. The last significant cluster, cluster 4,
was located in eastern Tiirkiye corresponding to a one
year period in 1966 during which four earthquakes
occurred (Table 3). The high frequency of earthquake
occurrence in Tirkiye also was observed through
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spatiotemporal analysis by Gokkaya (2016). Two
significant clusters were identified over a 112 year
period extending from 1900 to 2012.

It’s also interesting that there were no significant
spatiotemporal clusters in Central or Southern America
despite the large number of earthquakes and clusters
being identified there.

Table 3. Characteristics of the clusters identified by the
spatiotemporal analysis

Cluster Startdate End date Number of p
earthquakes value

1 01.01.1996 31.12.2015 374 ~ 0*
2 01.01.1817 31.12.1891 141 ~ 0*
3 01.01.1938 31.12.1945 80 ~ 0*
4 01.01.1966 31.12.1966 4 0.03
5 01.01.1957 31.12.1963 21 0.34
6 01.01.1985 31.12.1985 8 0.35
7 01.01.1949 31.12.1949 3 0.36
8 01.01.1976 31.12.1977 3 0.44
9 01.01.1873 31.12.1874 13 0.75
10 01.01.1871 31.12.1872 1 0.99
11 01.01.1910 31.12.1910 2 0.99
12 01.01.1830 31.12.1830 2 0.99

*p values smaller than the order of 10-3 are expressed as ~ 0

The earthquake dataset utilized in this study is by no
means exhaustive. The current study only considers
those earthquakes in which death was attributed to the
immediate earthquake in the vicinity of the epicenter.
Therefore, some major earthquakes that caused
significant fatality due to tsunamis far from the epicenter
such as the Papua New Guinea earthquake that took place
on July 17, 1998 were not considered. However, this is
not likely to change the spatial and spatiotemporal
patterns identified in this study because there are only a
few earthquakes that were not included in the study. A
very significant portion of the earthquakes that caused
fatality are aligned on and/or in the vicinity of the major
plate boundaries.

There are numerous seismic, geologic and site-
specific factors like the earthquake magnitude, seismic
wave attenuation, geological structure of the affected
area, type and quality of construction, the closeness of
the earthquake epicenter location to urbanized and
industrialized centers, population density, and time of
earthquake occurrence which all impact the damage and
fatality caused by an earthquake. These factors were not
considered in the current study, which focuses on the
spatial and spatiotemporal analysis of global earthquake
occurrence and associated fatality.

This study was conducted at the country scale but
global geospatial analyses at finer geographic units like
states and provinces would provide more detailed
information on the occurrence and fatality patterns of
earthquakes.

4. Conclusions

The global distribution of fatal earthquakes is
significantly clustered around plate boundaries. Asia was
impacted the most by earthquakes over the 215 year
period between 1800 and 2015. In particular certain

countries in Asia like Tiirkiye, China, India, Pakistan and
Indonesia suffered the most both in terms of fatality and
earthquake occurrence as shown by spatial and
spatiotemporal analyses. There were significant
spatiotemporal clusters of earthquake occurrence over
this time period on southern half of Asia, Tiirkiye and
southwest Europe and northern Africa. The findings of
the study provide a spatial and spatiotemporal
characterization of fatal earthquakes and improve our
understanding of these patterns at the global scale. The
information gained from the study will be useful to better
plan for future earthquakes and mitigate the associated
damage. Spatial analyses covering longer time intervals
at regional and global scales should be undertaken in
future studies to provide a more comprehensive
understanding of earthquake occurrence and associated
damage patterns as well as examining the relationship
between fatality and factors contributing to it.
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Appendix
Appendix 1. The number of earthquakes and associated fatality by country between 1800 and 2015
Country Continent Total number of earthquakes Total fatality Fatality per earthquake
Afghanistan Asia 32 12964 405
Armenia Asia 2 27890 13945
Azerbaijan Asia 4 218 54
Bangladesh Asia 11 2
Bhutan Asia 1 11 11
China Asia 174 732126 4207
Georgia Asia 6 548 91
India Asia 31 61470 1982
Indonesia Asia 101 34788 344
Iran Asia 149 249573 1674
Iraq Asia 2 120 60
Israel Asia 2 8000 4000
Japan Asia 81 224831 2775
Kazakhstan Asia 4 463 115
Kyrgyzstan Asia 5 267 53
Malaysia Asia 2 19 9
Mongolia Asia 1 30 30
Myanmar Asia 12 1181 98
Nepal Asia 6 20288 3381
Pakistan Asia 31 157996 5096
Palestine Asia 2 288 144
Philippines Asia 41 5397 131
Russia Asia 2470 274
South Korea Asia 1 9 9
Syria Asia 1 148 148
Taiwan Asia 57 14485 254
Tajikistan Asia 10 4089 408
Tiirkiye Asia 129 163796 1269
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Continuation of appendix 1

Country Continent Total number of earthquakes Total fatality Fatality per earthquake
Turkmenistan Asia 3 110411 36803
Uzbekistan Asia 4 16894 4223
Yemen Asia 3 4011 1337
Albania Europe 16 3432 214
Belgium Europe 2 3 1
Bosnia and Herzegovina Europe 5 47 9
Bulgaria Europe 4 138 34
Croatia Europe 3 8 2
Cyprus Europe 2 42 21
Czech Republic Europe 1 2 2
France Europe 8 5064 633
Greece Europe 61 13608 223
Hungary Europe 1 2 2
Italy Europe 69 149611 2168
Kosovo Europe 1 1 1
Macedonia Europe 3 1100 366
Montenegro Europe 2 132 66
Portugal Europe 7 138 19
Romania Europe 5 2659 531
Serbia Europe 3 6 2
Slovenia Europe 3 9 3
Spain Europe 5 2924 584
Switzerland Europe 1 1 1
Ukraine Europe 1 11 11
Algeria Africa 29 16308 562
Burundi Africa 1 3 3
Democratic Republic of the Congo  Africa 5 75 15
Djibouti Africa 1 2 2
Egypt Africa 5 766 153
Ethiopia Africa 2 70 35
Ghana Africa 2 25 12
Guinea Africa 1 443 443
Kenya Africa 1 1 1
Libya Africa 1 300 300
Malawi Africa 3 13 4
Morocco Africa 3 13828 4609
Mozambique Africa 1 4 4
Rwanda Africa 1 1 1
South Africa Africa 8 48 6
South Sudan Africa 1 31 31
Sudan Africa 1 2 2
Tanzania Africa 4 11 2
Tunisia Africa 1 13 13
Uganda Africa 3 152 50
Barbados N. America 1 3000 3000
Costa Rica N. America 14 2653 189
Cuba N. America 1 8 8
Dominican Republic N. America 2 8 4

El Salvador N. America 12 6029 502
Guatemala N. America 15 28082 1872
Haiti N. America 4 321006 80251
Honduras N. America 2 10 5
Jamaica N. America 1 1000 1000
Martinique N. America 2 391 195
Mexico N. America 51 12143 238
Nicaragua N. America 4 13457 3364
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Continuation of appendix 1

Country Continent Total number of earthquakes Total fatality Fatality per earthquake
Panama N. America 2 13 6
United States N. America 38 1362 35
Argentina S.America 9 22519 2502
Bolivia S.America 4 115 28
Brazil S. America 2 2 1
Chile S.America 45 63246 1405
Colombia S. America 36 5653 157
Ecuador S. America 16 82310 5144
Peru S.America 61 70412 1154
Trinidad and Tobago S.America 1 1 1
Venezuela S.America 15 28349 1889
Australia Australia 1 12 12
Fiji Australia 1 2 2
New Zealand Australia 10 465 46
Papua New Guinea Australia 15 3183 212
Solomon Islands Australia 3 106 35
Tonga Australia 1 1 1
Vanuatu Australia 2 6 3
Total 1558 2731370

*Only those countries with earthquake occurrence are listed
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Mekansal teknoloji araci olarak “story map” in egitim ortamlarinda kullanimi: alanyazin
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Anahtar Kelimeler
Egitim Teknolojisi,
Mekansal Teknolojiler,
ESRI,

Story Map,

Sistematik inceleme
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Mekansal teknolojilerin egitim ortamlarinda kullanim gittik¢e yayginlasmaktadir. Bu ¢alismada
mekansal teknoloji araci olarak gosterilen ve ESRI tarafindan gelistirilen “story map”
uygulamasinin egitim ortamlarinda kullanimini konu edinen ¢alismalar sistematik olarak
incelenmistir. Web tabanli bir uygulama olan story map, verileri gorsellestirmeye, mekansal
analiz yapmaya ve arastirilan konuyu hikayelestirerek anlatmaya yarayan bir sunu aracidir.
Story map sundugu zenginlestirilmis icerik ve uygulama sablonlariyla 6gretmen ve 6grenciler
icin vazgecilmez bir teknoloji araci olarak goriilmektedir. Aragtirmanin amacina uygun olarak
oncelikle Academia, Google Scholar, ERIC, Researchgate, Semantic Scholar, SCI-HUB, ProQuest,
Taylor&Francis, Wiley ve YOK Tez veri tabanlarinda “ESRI Story Map” AND “Education”, “ESRI
Story Map” AND “Educational technology”, anahtar kelimeleri kullanilarak alanyazin taramasi
yapilmistir. Yapilan tarama sonucunda 2014-2023 yillar1 arasinda yayimlanmis 31 ¢alismanin
tlimiine ulasilmistir. Ulasilan ¢alismalar arastirma yontemine, 6rneklem grubuna, veri toplama
araglarina, ¢alisma alanina gore betimsel icerik analizine tabi tutulmustur. Arastirmanin
sonucunda mevcut ¢alismalarin cogunlugunun nitel (22) ve cografya alaninda oldugu, bununla
birlikte tarih, topografya, sosyal bilgiler alanlarinda ve story map aracinin egitim ortamlarinda
kullanmanin gerekliligini kuramsal diizeyde ele alan ¢alismalara da rastlanmistir.

Use of the “story map” in educational settings as a spatial technology tool: a review of the
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ABSTRACT

The use of spatial technologies is becoming increasingly widespread in educational settings. In
the present study, previous studies conducted on the use of the “Story Map” application, which is
shown as a spatial technology tool and developed by ESR], in educational settings were examined
systematically. Story Map, which is a web-based application, is a presentation tool that helps
visualize data, perform spatial analysis, and tell stories about the topic investigated. Story map is
considered an indispensable technology tool for teachers and students with its enriched contents
and application templates. In line with the purpose of the study, firstly, a literature review was
conducted by using the keywords “ESRI Story Map” AND “Education”, “ESRI Story Map” AND
“Educational technology” were searched in Academia, Google Scholar, ERIC, Researchgate,
Semantic Scholar, SCI-HUB, ProQuest, and YOK Thesis databases. As a result of the review, a total
of 31 studies that were published between 2014 and 2023 were found. These studies were
analyzed according to research methods, sample groups, data collection tools, and study fields.
As aresult of the study, it was found that the majority of the present studies were qualitative (22)
and in the field of geography, there were also studies in the fields of history, topography and
social studies, and there were some studies addressing the necessity of using Story Maps in
educational settings at a theoretical level.
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1. Giris

Insanlar, yeryiiziinden ihtiyaglar1 dogrultusunda
yararlanmakta, ihtiyaclarinin artisina paralel olarak da
mekdnm1 (spatial) yogun olarak kullanmaktadirlar.
Cografya, mekanla insan arasindaki bu iliskilerin
karsilikli  etkilesimini  inceleyen  bilim  olarak
tanimlanmaktadir (Welton & Mallon, 1999). Bu karsilikli
iliskiden kaynaklanan problemleri ¢dzmek icin ise
cografi bilgiye ihtiya¢c vardir. Bu nedenle cografi bilgi
giinliik hayatta siirekli ihtiya¢ duyulan ve kullanilan bilgi
tiirii haline gelmistir (Parker, 2001). Kiiresellesmenin de
etkisiyle insanlar dogal problemlerle daha ¢ok
karsilasmaktadirlar. Bir yandan hemen hemen her giin,
yeryiiziiniin farkli bolgelerinde sismik, meteorolojik ve
cevresel kaynakli dogal afetler yasanmaktadir. Diger
yandan, artan dogum oranlari, i¢ savaslar, siyasal ve
ekonomik problemler nedeniyle yasanan kitlesel gog
hareketleri, yerel oldugu kadar kiiresel olarak da
yasadigimiz diinyay1 etkilemektedir. Yasanan tiim bu
problemleri anlamlandirmak, cografi bir bakis a¢isina ve
cografi bilince sahip olmay: gerektirir (Kerski, 2015). Bu
baglamda mekani dogru algilayan, mekansal diisiinme
becerisine sahip bireylerin yetistirilmesinde egitimin
onemi giderek artmaktadir. Dijital ¢agin 6grenme ve
ogretme geleneklerimizi derinden etkiledigi ve degisime
zorladig1 bilinmektedir. Glnimiizde o6grencilere bu
becerileri kazandirma noktasinda mekansal teknolojiler
onemli bir rol oynamaktadir. Mekénsal teknolojiler
denilince, GPS (Global Position System), Uzaktan
Algilama (Remote Sensing), Google Earth, GIS
(Geographic Information System), 3D gorsellestirme vb.
araclar akla gelmektedir. Bu araglar mekansal veri
olusturma, elde etme, goriintiileme ve bu verileri analiz
etme kapasitesine sahiptir (Hammond, 2014; Mclnerney,
2008).

Mekansal teknolojiler, adres tespiti ve alisveris
yapma gibi giindelik ihtiyaglarin yani sira (Bednarz &
Kemp, 2011) sinif ortaminda da 6grencilerin harita ve
grafiksel araglarin (grafik, diyagram, vb.) Otesine
gecmelerine imkadn vererek, mekansal diisiinmelerini
saglamaktadir. Ogrenciler, mekansal teknolojiler
sayesinde dinamik bir veriyi c¢esitli katmanlar ve
Olceklerde farkli formatlar kullanarak (uzaktan
algilanmis gorseller, hava veya uydu goriintiileri, CBS,
Google Earth), inceleyebilmektedir. Mekansal verileri
teknolojiler sayesinde derinlemesine analiz edebilme
imkani bulan 6grencilerin, mekansal diisiinme
becerilerinin gelistigi belirtilmektedir (Mohan et al,
2014). Mekansal diisiinme becerileri gelisen 6grenciler
mekana ait; konumlari, pozisyonlari, uzakliklari, yonleri,
iliskileri, hareketleri, degisimleri gérebilmekte ve onlari
yorumlayabilmektedir (Sinton et al., 2013). Bir baska
ifadeyle mekansal diisiinme becerisi gelisen 6grenciler,
bir mekana ait kavramlari bilme, sembollestirme, sunum
araglarini kullanma veya muhakeme etme gibi bilissel
becerilere sahip olmaktadir (NRC, 2006). Giiniimiiziin
web tabanli GIS araglari ile 6grenciler, gercek zamanl
verileri kullanarak diinyadaki olaylar1 2D ve 3D olarak
gorsellestirmekte ve analiz edebilmektedirler (Kerski,
2016).

Egitim ortamlarinda 6grencilere mekansal diisiinme
becerisini kazandirmak, gelistirmek ve mekana yonelik
analizler yapmalarini saglamak amaciyla kullanilabilecek
mekansal teknolojiler arasinda; CBS, BigMaps, Global
Genine, Google Earth ve Story Map gibi teknoloji araclari
yer almaktadir (Bednarz & Kemp, 2011). Bu araglar
icerisinde hi¢ kuskusuz “Story Map” 6nemli bir yer tegskil
etmektedir. ESRI firmas1 tarafindan gelistirilmis WEB
tabanli bir uygulama olan Story Map, kullanicilara
verilerini gorsellestirme, mekansal analiz yapma, hikaye
anlatim yoluyla harita gelistirme ve kullanma gibi
firsatlar sunmaktadir (Lusardi & Haroldson, 2021).

Story map olusturma, storyboard gelistirme, veri
toplama, bir web haritasi olusturma, kaydetme ve
paylasma gibi asamalardan olusmaktadir. Story map
araciliiyla gelistirilen hikayede yer alacak verilerin,
metinlerin, videolarin ve ses gibi unsurlarin olabildigince
acitk olmasina dikkat edilmelidir (ESRI, 2016).
Kullanicilar story map sayesinde cografi igerikleri
kullanarak herhangi bir olayy, etkinligi, giincel bir olguyu,
modeli ya da bir yeri anlatirken, zengin icerikli metinler,
fotograflar, grafikler, videolar ve etkilesimli haritalar gibi
coklu verileri kullanabilmektedir. Bununla birlikte
kullanici, herhangi bir konuyu olayin gerceklestigi mekan
ile iligkilendirerek gorsellestirebilmekte ve etkili
sunumlar yapabilmektedir. Bylece kullanicinin mekanla
ilgili bilgiyi ifade etmesi kolaylasmaktadir (Antoniou et
al,, 2018; Harder, 2015).

Story map egitim amacgh kullanildiginda, yenilik¢i
bir yapida ders ortami yaratmaya ve ogrencileri pasif
olmaktan cikararak aktif olmalarina katki saglamaktadir
(Keskin, 2019). Ogrenciler story map araciliglyla
cevrimici ortamda etkili bir sekilde 6grenmelerinin
yaninda kendi Oykii haritalarini hazirlayarak olaylarin
nedenleri hakkinda derin bir anlayis kazanmakta,
olaylarin karsilikli iligkilerini ve etkilerini
anlayabilmekte, siif arkadaslarini bilgilendirme ve
onlara ilham verme olanagina sahip olmaktadir (Marta &
0sso, 2015). Story map 6gretmenlere de esnek ¢calisma ve
icretsiz bir hesap tizerinden kendi koleksiyonunu olu et
al.sturma, 6grencilerin beceri ve bilgilerinin gelisimini
desteklemek icin zengin igerikli etkinlikler hazirlama
imkanm saglamaktadir (Lusardi & Haroldson, 2021).
Ogretmenler story map sayesinde hazir hikaye
haritalarina erisebilecegi gibi ¢esitli mekansal verileri
kullanarak kendi haritalarini da olusturabilir ve
gorintiileyebilir (Walshe, 2016).

Story map uygulamalarinin 6gretmen ve 6grencilere
sagladig firsatlar, onu giiniimiizde egitim ortamlari icin
onemli bir teknoloji araci haline getirmektedir. Bu
cercevede story map aracinin egitim ortamlarinda
kullanimini konu edinen ¢alismalarin sundugu firsatlarin
analizinin, ileride yapilacak arastirmalar i¢in de rehber
olacagi distinilmektedir. Mevcut calismalar
incelendiginde arastirmacilarin 6gretmenlerin ESRI
oykii haritalarina iligkin algilarini (Strachan & Mitchell,
2014; Lee, 2019), 6grencilerin story map aracina yonelik
algilarini (Egiebor & Foster, 2018; Groshans etal,, 2019;
Mukherjee, 2019), egitimde story map kullanimini
(Marta & Ossoa, 2015; Walshe, 2016; Edmondson, 2018)
6grencilerin nasil story map gelistirecegini (Gleeson &
D'Souza, 2015; Cope et al.,, 2018; Berendsen et al,, 2018),
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story map aracinin ogrencilerin harita becerileri ve
akademik basarilari iizerindeki etkisini (Keskin, 2019),
story map uygulamasinin 6grencilerin nitel arastirma
yapma deneyimleri iizerindeki etkisini (Dickinson &
Telford, 2020), story map aracinin yiiksekogretimde
Cografya oOgretme ve Ogrenme etkinliklerindeki
yararliligin1 (Ryan & Aasetreb, 2021; Vojtekova et al,,
2021; Cyvin et al,, 2022; Purwanto et al,, 2022), Cografi
Bilgi Sistemi (GIS) teknolojilerinin tarim ve cevre
bilimlerinde 6grenme firsatlarmi gelistirme ve
sunmadaki etkisini (Estwick et al., 2016), 6grencilerin
iklim degisikligini analiz etmelerindeki etkisini
(Schnitzler, 2020), egitim ortamlarinda 6gretmen ve
ogrencilere sundugu firsatlar1 (Lusardi & Haroldson,
2021), ESRI hikaye haritalarinin tasarimi ve kullanimi,
bir topluluk icinde siirdiirtlebilirlikle ilgili faaliyetlere
katilim1 artirmaya nasil yardimci oldugunu (Austin,
2018), story map yoluyla ergenlerin yiyecek ortami
algilar1 ve yiyecekle ilgili davranislarini (Riggsbee et al,,
2018), story map kullanilarak tasarlanmis e-6grenme
ortamlarinda katilimcilarin iklim degisikliginin bolgesel
ve yerel etkilerini (Thiirkow et al., 2019), 6grencilerinin
“Gocler” konusunu O6grenmelerinde story map
uygulamalarinin akademik basarilarina etkisini (Bigki,
2020), CBS Hikaye Haritas1 Uygulamasinin “hots for
history” konusunu giiclendirmedeki potansiyelini (Malek
et al, 2020), bu aracin egitim ortamindaki islevselliginin
ne durumda oldugunu (Misajet, 2020), bu arac
kullanilarak tasarlanan “Atlas Turlari”nin 6grencilerin
grafik okuryazarligi becerilerine etkisini (Treves et al,
2020), 6grencilere kiiltiirel mirasi tanitmada cografyanin
rolinii (Mauro et al, 2021), bu ara¢ araciligiyla
ogrencilerin ge¢mis kisilerin, yerlerin ve olaylarin dijital
cografi bilgi sistemleri (GIS) haritalarini olusturmalarini
(Saladin & Crosson, 2021), 6grencilerin gercek diinya
sorunlarini arastirarak, bu arac ile web haritalamanin
teknik becerilerine odaklandigi (Tian et al,, 2021), dijital
hikaye haritalar1 olusturma siireci araciligiyla genclerin
ortak bilgi Uretimini (Blerk et al, 2022) ortaya
koyduklar1 gorilmektedir. Bu ¢alismalarda genel olarak
arastirmacilar kullanicilarin story map aracina yonelik
algilarini, egitim ortamlarinda nasil gelistirilecegi ve
kullanilacagini, 6grencilerin harita becerileri ve
akademik basarilar tizerindeki etkisini incelemislerdir.
ESRI tarafindan gelistirilen story map aracinin egitim
ortamlarinda kullanimini konu edinen ¢alismalari ortaya
koymak ve bu alanda ¢alisma yapacak arastirmacilara
ilgili alanyazini sunmak 6nem arz etmektedir. Mekansal
teknolojilerin egitim ortamlarinda kullaniminin gittikge
onem kazandigi g6z Onilinde bulundurulursa bu
arastirmanin yapilacak bilimsel c¢alismalara rehber
olacag1 distiniilmektedir. Dolayisiyla bu ¢alismada
mekansal teknoloji araci olan story map kullanilarak
hangi baglamda c¢alismalarin yapildigini, yapilan bu
calismalarin egitim icin ne tiir firsatlar sundugunu
belirlemek ve gelecekteki arastirmalar icin Oneriler
sunmak amaglamistir. Bu amagla asagidaki sorulara
cevap aranmistir;

1. Egitimde story map kullanimiyla ilgili yapilan
calismalarin genel ozellikleri (y1l, iilke, yazar, yayin adi,
yayin tirii) nasildir?

2. Egitimde story map kullanimiyla ilgili yapilan
calismalarin arastirma yontemi, 6rneklem grubu ve veri
toplama araglarina gore dagilimi nasildir?

3. Egitimde story map kullanimiyla ilgili
calismalarin, ¢alisma alanina goére dagilimi nasildir?
Mevcut calismalarda hangi sonuglar 6n plana ¢ikmistir?

2. Yontem

Egitimde story map kullanimin1 konu edinen
calismalarin ortaya konulmasini amaglayan bu
arastirmada yontem olarak sistematik inceleme
kullanilmistir. Sistematik incelemenin amaci, dahil
edilecek veya haric tutulacak ¢alismalari acik, sistematik
ve tekrarlanabilir bir arama stratejisine dayali olarak
belirli sorularla ortaya koymaktir (Minner et al., 2010;
Gough et al,, 2017). Calisma, Higgins & Green’'in (2011)
belirledigi is tanimi, bilgi arama, kanitlarin kalitesini
degerlendirme ve analiz etme, kanitlari sunma ve
Ozetleme, kanitlar1 tartisma, sistematik derlemeyi
sunma, dis gézden gegirenler ve yayinlama asamalari
dikkate alinarak yapilandirilmistir. Arastirmanin ilk
asamasinda Academia, Google Scholar, ERIC,
Researchgate, Semantic Scholar, SCI-HUB, ProQuest,
Taylor&Francis, Wiley ve YOK Tez veri tabanlarinda
“ESRI Story Map” AND “Education”, “ESRI Story Map”
AND “Educational technology”, anahtar kelimeleri
kullanilarak alanyazin taramasi yapilmistir. Yapilan bu
tarama neticesinde dahil edilme kriterlerini tasiyan 2014
ve 2023 yillann arasinda yayimlanmis 31 calismaya
ulasilmistir. Calismalarin dahil edilme kriterleri olarak
“tim egitim kademelerinde yuriitilmiis olmas1”, “tiim
disiplinlerde  yiiriitilmis olmas1”” ve  “egitim
ortamlarinda story map kullanimini konu edinme”olarak
belirlenmigstir. Belirlenen bu kriterleri saglayan tiim
arastirmalara ulasilmis ve analize dahil edilmistir. Veri
tabanlarindaki tekrarlayan ve tam metin erisimi olmayan
yayinlar analize dahil edilmemistir.

Verilerin analizinde belirlenen kriterler
dogrultusunda makaleler arastirmacilar tarafindan tek
tek incelenerek betimsel icerik analizine tabi
tutulmustur. Bu baglamda ¢alismalarin genel 6zellikleri
(y1l, ilke, yazar, yayin adi, yayin tiiri), arastirma
yontemi, ¢calisma grubu, veri toplama araclari, ¢alisilan
disipline gore dagilimi ve 6ne ¢ikan sonuglar kategorileri
altinda 6zetlenmistir. Her bir ¢alisma bu kategorilere
gore analiz edilmis ve makaleler arasinda c¢apraz
karsilastirma yapilarak, benzerlik ve farkliliklar
irdelenmistir. Analiz sonucunda ¢alismalar C1, C2, C3,

seklinde kodlanarak sunulmustur (Tablo 1).
3. Bulgular
Bu béliimde sistematik alanyazin inceleme sonucu

elde edilen bulgular alt problemler dogrultusunda
sunulmustur.
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Tablo 1. Arastirmaya dahil edilen ¢alismalarin 6zellikleri

Kod

Yil

Ulke

Yazar

Yayin Tiirii

Makale Tez Ders tasarimi
Cc1 2014 ABD Strachan & Mitchell (2014) v
c2 2015 italya Marta & Ossoa (2015) V4
Cc3 2015 ABD Gleeson & D'Souza (2015) v
c4 2016 ABD Estwick et al. (2016) N4
C5 2016 ABD Walshe (2016) N4
cé6 2018 ABD Austin (2018) v
c7 2018 ABD Berendsen et al. (2018) v
c8 2018 ABD Copeetal. (2018) v
co 2018 ABD Edmondson (2018) v
c10 2018 ABD Riggsbee et al. (2018) v
C11 2018 ABD Egiebor & Foster (2018) v
c12 2019 ABD Groshans et al. (2019) v
c13 2019 Tiirkiye Keskin (2019) v
c14 2019 G. Kore Lee (2019) v
C¢15 2019 ABD Mukherjee (2019) v
c16 2019 Almanya Thiirkow et al. (2019) v
c17 2020 Tiirkiye Bigki (2020) v
C18 2020 ingiltere Dickinson & Telford (2020) v
c19 2020 Malezya Malek et al. (2020) v
c20 2020 ABD Misajet (2020) v
c21 2020 ingiltere Treves etal. (2020) v
Cc22 2020 ABD Schnitzler (2020) NG
¢23 2021 ABD Lusardi & Haroldson (2021) v
C24 2021 italya Mauro et al. (2021) v
¢25 2021 Norveg Ryan & Aasetreb (2021) v
C26 2021 Latin Amerika Saladin & Crosson (2021) v
c27 2021 Cin -Yeni Zelanda  Tian etal. (2021) v
C28 2021 Slovakya Vojtekova et al. (2021) v
Cc29 2022 Norveg Cyvin etal. (2022) v
Cc30 2022 Endonezya -Misir  Purwanto et al. (2022) v
¢31 2022 Ingiltere Blerk et al. (2022) v
Toplam 25 4 2

Tablo 1'e gore 2014 ve 2022 yillar1 arasinda ulusal
ve uluslararasi literatiirde egitim ortamlarinda story
map kullanimini konu edinen toplamda 31 ¢alismaya
ulasilmistir. Bu ¢alismalarin 25’inin makale calismasi,
4’intlin yiiksek lisans tezi, 2’sinin de ders tasarimi oldugu
gorilmektedir. Calismalarin yillara goére dagilimina
baktigimizda konuyla ilgili ilk makalenin 2014 yilina ait
oldugu ve ozellikle 2018 yili ve sonrasinda yapilan
calismalarin sayisinda artis oldugu belirlenmistir.
Calismalarin tlkelere gore dagilimina bakildiginda ise
ABD menseili 15 calismaya ulasilirken, ingiltere menseili
3 calismaya ulasilmistir. Italya, Tiirkiye ve Norveg
mengeili ikiser calismaya, G. Kore, Almanya, Malezya,
Latin Amerika, Cin-Yeni Zelanda, Slovakya, Endonezya-
Misir menseili birer ¢alismaya ulasiimistir.

Tablo 2’ye gore ¢alismalar arastirma modeline gore
incelendiginde Nitel (22), Nicel (3), Karma (4) ve ders
tasarimina (2) ulasilmistir. Yapilan ¢alismalar arastirma

deseni baglaminda incelendiginde nitel arastirmalarda
fenomoloji (C1, C11, C14), eylem arastirmasi (¢30), saha
calismas1 (C29), ampirik ¢alisma (C25), vaka ¢alismasi
(C19) desenleri ile proje ¢alismalarina (C16, C18, C20,
24, ¢31) ulasilmistir. Nitel aragtirma kapsamina giren
C7, C8, €26, C27 ve €28 kodlu ¢alismalarda arastirma
deseni belirtilmezken, C2, C3, C4, C5 ve €23 kodlu
calismalarin ise kuramsal diizeyde egitim ortamlarinda
story map kullanimini ele aldig1 goriilmektedir. Nicel
calismalarda tarama arastirmasi (C6) ve deneysel desen
(€12, ¢17) kullanilmistir. Karma arastirmalarda ise
arastirma deseni olarak odak grup goriismesi-cevrimici
anket (C10), odak grup goriismesi-anket (C21), gdzlem-
alan gezisi-anket (C15) ve 6lgek-6grenci giinliigii (C13)
kullanilmistir. Story map aracinin ders i¢i kullanimina
kilavuzluk etmek amaciyla iki adet ders tasarimina (C9,
C22) rastlanmistir
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Tablo 2. Arastirmaya dahil edilen ¢alismalarin arastirma yontemi, 6rneklem grubu ve veri toplama araglarina gore

analizi

Arastirma Modeli  Arastirma Deseni Calisma Grubu Veri toplama araglar1 Calisma f

K-12 6gretmeni (27) Anket + Calistay c1

Fenomenoloji 8. sinif 6grencisi (14) Gozlem + miilakat C11

Cografya 6gretmeni aday1 (30)  Katihmel giinligi C14

Eylem arastirmasi Cografya 6gretmeni (67) On test-son test Cc30
Saha c¢alismasi Ogrenci (74) Yansima notlar1 C29 22

Belirtilmemis Lisans 6grencisi (27) Goriisme +Acik uclu anket C27

Ampirik Lisans 6grencisi (41) Gozlem + Agik uclu anket C25

Vaka ¢alismasi Ogrenci (30) Gozlem c19

Belirtilmemis Lisans 6grencisi (150) Gozlem +Goriisme +Notlar C26

Belirtilmemis Ogrenci (14) Anket c7

Nitel Belirtilmemis Lisans 6grencisi (58) Anket C8

Belirtilmemis Lisans 6grencisi (58) Anket C8

Belirtilmemis Lisans 6grencisi (22) Anket 28

Lisans 6grencisi - Sinav (Test) cle

Lisans 6grencisi (4) Esri storymap Cc18
Proje Ogrenci (9) Anket C20 22

Yiiksek Lisans 6grencisi (3) Esri storymap C24

14-24 yas arasi gencler - Esri storymap C31

by Kl c2c3cecs
- - C9-C-22-C23

Tarama arastirma Cesitli diizeyde katilime1 (104)  Dijital anket cé6 3

Nicel Denevsel Desen Lisans 6grencisi (90) On test- son test + Anket c12

y Lise 6grencisi (40) On test- son test + Anket Cc17
Lise dgrencisi (565) Odak grup goriismesi + c10 4

Cevrimici anket
Nicel+Nitel Lisans 6grencisi (109) Odak grup goriismesi+ c21
Karma Anket
Lisans 6grencisi (15) Gozlem + Alan gezisi + C15
Anket

Lise 6grencisi (20) Olgek +Ogrenci giinliigii c13

Ders Tasarimi - - - 9, C22 2
Arastirmalar ~ 6rneklem  grubu  baglaminda Calismalar veri toplama aract baglaminda

incelendiginde nitel arastirmalarda 6gretmenler ve
cesitli kademelerdeki o6grencilerin katilimc1 olarak
arastirmaya dahil edildigi gériilmektedir. Ogrencilerin
katilimci olarak belirlendigi ¢calismalarin agirlikta oldugu
ve (C11, C14, €29, C27, €25, C19, C26, C7, C8, €28, C16,
C18, 20, ¢24, C31, ¢6, C12, C17, C10, C21, C15, C13)
cesitli kademelerdeki o6grencilerin katilimci olarak
belirlendigi gorilmiistiir. C11 kodlu ¢alismada 14 8. sinif
Ogrencisi arastirmaya dahil edilirken, C29 (74), C19 (30),
C7 (14) ve G20 (9) kodlu calismalarda seviye
belirtilmemis, sadece 6grenci diye ifade edilmistir. C31
kodlu ¢alismada ise 14-24 yas arasi genclerin
arastirmaya dahil edildigi belirtilmistir.  Nicel
arastirmalarda o6rneklem grubu olarak cesitli diizeyde
104 katihmer (€6), 90 lisans 6grencisi (C12) ve 40 Lise
ogrencisi (C17) arastirmaya dahil edilmistir. Karma
arastirmalarda da lisans ve lise dgrencileri katilimci
olarak belirlenmistir. C17, kodlu ¢alismada 40 lise
6grencisi, C13 kodlu ¢alismada 20 Lise 6grencisi, C21
kodlu c¢alismada 109 lisans 06grencisi, €15 kodlu
calismada 15 lisans o6grencisi katiimci olarak
belirlenmistir. C6 kodlu ¢calismada cesitli diizeyde 104
katilimcinin arastirmaya dahil edildigi belirtilmistir.
Cografya 6gretmenlerinin arastirmaya dahil edildigi iki
calismaya (C1, C30) ulasilmistir. C30 kodlu ¢alismada 67
cografya 6gretmeni katilimci olarak belirlenirken, C1
kodlu ¢alismada da 27 K-12 6gretmeni katilimci olarak
belirlenmistir.

incelendiginde nitel arastirmalarin dérdiinde anket yolu
ile veri toplandig1 (C7, C8, C28, C20), liciinde ESRI story
map uygulamasinin kullanildig1 (C18, 24, C3), ikisinde
goriisme ve acik uclu anketin kullanmldig1 goriilmiistiir
(€27, €25). Bununla birlikte, diger calismalarda anket ve
calistay (C1), gézlem ve miilakat (C11), katilime glinligi
(C14), 6n-son test (C30), yansima notlar (C29), gozlem
(C19), gozlem, goriisme ve notlar (C26) ve test (C16)
kullanildig1 gorilmiistiir. Nicel arastirmalarda dijital
anket (C6), 6n -son test + anket (C12, C17) veri toplama
araci olarak kullanilmistir. Karma arastirmalarda ise
odak grup goriismesi ve cevrimici anket (C10, C21),
gozlem, alan gezisi ve anket (C15), 6lcek ve Ogrenci
glinliigii (C13) veri toplama araci olarak kullanilmistir.
Story map kullanimini konu edinen 7 ¢alismaya (C2,
C3, C4, C5, €9, C22, ¢23) ulasilmis olup, C2 kodlu
calismada arastirmacilar italya’da ESRI hikdye haritasi
olusturmanin firsatlarini, C3 kodlu calismada yerel ve
kiiresel konular1 6gretmede story map aracinin roliinij,
C4 kodlu c¢alismada Cografi Bilgi Sistemi (GIS)
teknolojilerinin tarim ve cevre bilimlerinde 6grenme
firsatlarin1 gelistirme ve sunmadaki etkisi, ¢C5 kodlu
calismada 6gretmen ve 6grenciler tarafindan cografya
sinifinda story map aracinin nasil kullanilacagy, bir ders
etkinligi olarak tasarlanan C9 kodlu g¢alismada web
tabanli bir uygulama yoluyla bélge kavraminin kesfi, C22
kodlu c¢alismada 6grencilerin iklim degisikliginin
etkilerini anlamada story map aracinin rolii ve 23 kodlu
calismada egitim ortamlarinda story map uygulamasinin
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O6gretmen ve Ogrencilere sundugu firsatlar iizerine
odaklanilmistir. Arastirmada iki adet ders tasarimina

(€9, €22) ulasilmis ve bu ¢alismalar story map aracinin
sinif i¢i etkinliklerde nasil kullanilacag tanitilmistir.

Tablo 3. Arastirmalarin ¢alisma alanlar1 ve story map aracinin sagladigi avantajlar

Katilimcilar Calisma alam Calisma Avantajlar f
. c3 Yerel ve kiiresel baglantilar kurmay: saglama
Ogretmen NS NS
c5 Derin 6grenmeyi saglama
C4 Zengin tartismalari tesvik etme
C2 Motive etme ve dgrenme siirecine karsi olumlu tutum gelistirme
Storymap (08°) Bolgesellestirme ve bolge tiirleri tanitma 8
kullanimi c18 Bilginin tiretimi, kullanim1 ve paylasimini kolaylastirma
C22 Coklu multimedya araglarini kullanma
) c23 Kiiresel sorunlar ve gercek diinya ile baglanti kurma
Ogrenci Bilingli ve duyarli vatandas olmay1 saglama
c19 Ust diizey diisiinme becerilerini giiclendirme
Tarih 26 Birincil kaynaklar1 analiz etme ve tarihsel bilgileri iletme 2
Bilginin tiretimi, kullanimi ve paylasimini kolaylastirma
< Coklu multimedya araglarini birlestirmeyi saglama
Topografya ¢8 Kullanim kolaylig1 ve etkilesimli olma 1
Sosyal Bilgiler Cc11 Dersin ve konunun ilgi ¢ekici olmasini saglama 1
C1 Etkilesimli, ilgi ¢ekici ve eglenceli
Ogretmen C30 C?grafya farkmdahglr.u artirma
C16 K.uresell sorunlarla ilgilenme
Bilingli ve duyarli vatandas olmay1 saglama
cé6 Siirdiirilebilirlikle ilgili egitime katilimi artirma
c7 Dersin ilgi ¢ekici olmasini saglama
c10 Haritalama ve konumlandirmay: gelistirme
C12 Asinalik, alg1 ve giiven kazandirma
Cc13 Derse yonelik olumlu tutum gelistirme 14
C15,C24  Kullanim kolaylig1 saglama ve etkilesimli olma
Ogrenci o c21 Motive etme, eglenceli ve faydal olma
Cografya . A
25 Derin 6grenmeyi saglama. o
Mekansal diisiinme becerisini saglama
29 Coklu bilgiye erisme saglama
Bilgiyi somut hale getirme
c31 Veri toplamayi kolaylastirma

Hikayeleri paylasmaktan zevk alma

Tablo 3’e gore arastirma kapsamina dahil edilen
calismalar c¢alisma alani baglaminda incelendiginde
Cografya alaninda 14 c¢alismaya (C1, C30, C16, C6, C7,
C10, €12, C13, C15, ¢21, ¢C24, ¢C25, C29, ¢31), Tarih
alaninda iki ¢alismaya (€19, C26), Topografya (C8) ve
Sosyal Bilgiler alanlarinda (C11) birer ¢alismaya
ulasilirken, story map aracinin kullanimina yo6nelik
olarak 8 calismaya (C2, ¢C3, C5, C4, C9, C18, C22, C23)
ulasilmistir.

Cografya temelli calismalarda story map aracinin
etkilesimli olmas, ilgi ¢ekici ve eglenceli (C1), cografya
farkindaligini  artirmast  (30), Kkiiresel sorunlarla
ilgilenme, bilingli ve duyarlh vatandas olmay:1 saglama
(C16), stirdiiriilebilirlikle ilgili egitime katilimi artirmada
yararli olma (C6), dersin ilgi cekici olmasini saglama
(€7), haritalama ve konumlandirmay: gelistirme (C10),
asinalik, alg1 ve giiven kazandirma (C12), derse yonelik
olumlu tutum gelistirme ve ilgi artirma (C13), kullanim
kolaylign ve etkilesimli olma (C15), motive etme,
eglenceli ve faydali olma, kullanim kolaylig1 ve etkilesimli
olma (C21, C24), derin 6grenmeyi saglama, mekansal
diisiinme becerisini gelistirme (C25), coklu bilgiye erisim
saglama, bilgiyi somut hale getirme ((29), veri toplamay1
kolaylastirma, hikayeleri paylagsmaktan zevk alma (C31)
vb avantajlar sagladig1 belirlenmistir.

llgi cekici ve eglenceli olma, G1 kodlu ¢alismada
vurgulanmistir. Calismada 6gretmenlerin etkili 6gretim
araclari olarak ESRI 6ykii haritalarina iliskin algilarini ve
bir K-12 smnifinda 6ykii haritast olusturmanin
zorluklarim1 ortaya c¢ikarmak amaciyla 4 calistay

diizenlenmis, 6gretmenlerden Ingilizce gevre bilimi ve
diinya cografyasi hakkinda dersler vermeleri istenmistir.
Ardindan 6gretmenlere ii¢ farkli béliimden olusan 5°li
likert tipindeki bir anket uygulanmistir. Calistay
sonucunda 6gretmenler bu araci etkilesimli, ilgi ¢ekici ve
eglenceli bulduklarini ifade etmislerdir.

Cografya farkindaligini artirdigi, C30 kodlu
calismada ele alimistir. Cografya 6gretmenleri arasinda
stirdiiriilebilir Cografya farkindaligini arttirmada hikaye
haritalarinin kullaniminin incelendigi bu ¢alismada
6gretmenlerin cografya farkindaligy, proje gelistirmeden
o6nce ve sonra uygulanan bir test kullanilarak
Olclilmiistiir. Arastirmacilar arastirma sonucunda
O0gretmenlerin  cografya  farkindaliklarinda  artis
gozlendigini belirtmislerdir.

Kiiresel sorunlarla ilgilenme ve bilingli ve duyarli
vatandas olmayr saglama (€16 kodlu c¢alismada
belirtilmistir. Calismada amag, geleneksel sinif
O6greniminin  olanaklarini  web tabanli  6grenim
araglariyla  birlestirmektir.  Arastirmacilar  oyki
haritalarinin, siirdiiriilebilir kalkinma egitimi i¢in
ogrencileri ve 6gretmenleri iklim degisikliginin bolgesel
ve yerel etkilerine ve bunun sonucunda ortaya cikan
iklim etkilerine kars1 duyarli hale getirme potansiyeline
sahip oldugunu vurgulamislardir.

Stirdiirtilebilirlikle ilgili egitime katilmi artirma, C6
kodlu g¢alismada  vurgulanmistir. ESRI  hikaye
haritalarinin tasarimi ve kullaniminin siirdirtlebilirlik
varliklarini gorsellestirmeye ve katilimi artirmaya
yardimci olup olmadiginin incelendigi ¢alismada,
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arastirmacilar katilimcilara uygulanan dijital anketin
sonucunda hikaye haritalarinin siirdiirilebilirlikle ilgili
egitime katilimi ve egitimi artirmada yararli oldugunu
belirtmislerdir.

Dersin ilgi ¢ekici olmasint saglamaya katkisi, C7
kodlu calismada ele alinmistir. Ogrencilerin hikaye
haritalariyla nasil etkilesime girdiginin gézlemlendigi
arastirmada, katilimci 6grencilere anket uygulanmistir.
Arastirmacilar anketten elde ettikleri verilere gore story
map aracinin, 6grencilerin ders i¢i katilimini destekledigi
ve hikaye haritalariyla etkilesimin 6grencilerin derse
karsi ilgisini artirdigini belirtmislerdir.

Haritalama ve konumlandirma becerisine etkisi, C10
kodlu ¢alismada ele alinmistir. 13-16 yas arasindaki lise
ogrencilerinin gorsellestirme ve hikdye haritalar
kullanilarak yiyecek ortami algilarini ve davranislarin
belirlemenin amaclandig1 bu ¢alismada, arastirmacilar
hikaye haritalama ve nitel cografi bilgi sistemlerinin
(GIS) kullaniminin, ergenlerin yemek ortamlarini ve
yiyecek davranislarini analiz etmede faydali oldugu
tespit edilmistir.

Asinalik, algt ve giiven kazandirma 6zelligi C12 kodlu
calismada ele alinmistir. Calismada birden ¢ok disiplini
kullanarak bir hikaye haritas1 gelistirmek amacglanmis,
etkili 6ykii anlatiminin 5 temel ilkesi kullanilarak ESRI
oykii haritasinin  kalite degerlendirmesi, dogrudan
o6grenme olciimleri ve katilimci anketleri kullanilarak
coklu analizi yapilmistir. Analiz sonucunda 6grencilerin
ESRI 6ykld haritalarinin 6ykii anlatma etkinligini
milkemmel olarak degerlendirdikleri ve dijital hikdye
haritalarina karsi asinalik, alg1 ve giiven kazandiklari
vurgulanmistir.

Derse yénelik olumlu tutum gelistirmeye katkisi, C13
kodlu ¢alismada ele alinmistir. Calismada 9.simif
“Cografya dersi harita bilgisi” konusunun 6gretiminde
6grencilerin harita becerilerinin gelistirilmesinde hikaye
haritalarinin - kullaniminin etkisi nasildir? sorusuna
cevap aranmistir. Arastirma siirecinde arastirmacilar
ogrencilerin hikaye haritas1 temelli etkinliklerle islenen
cografya dersinde daha istekli olduklarini ve CBS temelli
hikdye haritalan ile yapilan etkinliklerin 6grencilerin
cografya dersine yonelik tutumlarini olumlu yoénde
arttirdigr belirlenmistir.

Kullanim kolayligi saglama ve etkilesimli olma yonij,
C15 ve C24 kodlu ¢calismalarda ortaya konulmustur. C15
kodlu ¢alismada “Delta Blue”nun kiiltiiriinii anlamak i¢in
yer temelli bir yaklasim kullanan kiiltiirel cografya
kursunda, oyki haritalarinin kullanimi incelenmistir.
Calismanin sonucunda arastirmacilar, 06grencilerin
cogunun, hikaye haritasim1 ¢ok kullanici dostu ve
etkilesimli ~ bulduklarint ve hikdye haritalarinin
etkilesimli dogas1 ve kullanim kolaylig1 sagladigina vurgu
yaptiklarini belirlemislerdir. €24 kodlu c¢alisma ise
Trieste Universitesi Beseri Bilimler Boliimii'nde 2 yiiksek
lisans 6grencisiyle yiriitiilmiistiir. Calismanin amaci, yer
anlatimi ile kiiltlirel miras arasinda baglanti kurmak,
kiiltiirel mirasin turizm sektorii sayesinde bir bolgenin
toplum kimligi ve ekonomik refahi i¢in 6nemli bir rol
oynayabilecegini  ortaya  koymaktir.  Arastirma
sonucunda katilimcilarin, hikdye haritasinin egitimsel
potansiyele sahip oldugunu ve cografi anlatima yonelik
kiiltiirel miras1 tanmitmadaki yenilik¢i bir yaklasim
getirdigine vurgu yaptiklari tespit edilmistir.

Motive etme, eglenceli ve faydali olma ézelligi, C21
kodlu ¢alismada 6ne ¢ikmistir. Calisma 6grencilerin 6dev
olarak bir “Atlas Turu” irettikleri bir modiile
odaklanmakta ve boylelikle atlas turlarinin 6grencilerin
grafik okuryazarlig1 becerilerine etkisini ortaya koymay
amaglamaktadir. Arastirmacilar ogrencilerin
¢ogunlugunun ESRI o6ykii haritalarint  kullanmay1
geleneksel bir rapor yazmaktan daha ¢ok sevdiklerini,
“Atlas Turlar1” olusturmak icin “Esri Hikaye Haritalar1”
platformunu kullanmaktan acgik¢a keyif aldiklarin1 ve
egitimsel faydalarin takdir ettiklerini belirtmislerdir.

Derin 6grenmeyi saglama ve mekdnsal diisiinme
becerisini saglamaya Xkatkisi,, €25 kodlu c¢alismada
ulasilan bir sonugtur. Calisma, mekansal temelli dijital
hikaye anlatiminin cografya 6gretimi ve derin 6grenme
alanina belirgin katkilar saglayabilecek yararh bir arag
olabilecegini gostermektedir. Calismanin sonucunda
arastirmacilar, 6grencilerin dijital hikaye anlatiminin
cografya derslerinde derin 6grenmeyi gelistirdigini ve
mekadna baglhlik, gii¢ kullanimi, toplumsal esitsizlikler
hakkinda tartisma ve elestirel bir “yer duygusu” anlayisi
yarattigini belirtmislerdir.

Coklu bilgiye erisim saglama ve bilgiyi somut hale
getirmeye katkist C29 kodlu calismada ele alinmistir.
Calismada aktif 6grenmeyi artirmak ig¢in story map
kullaniminin geleneksel derslerin yerini aldig1 bir
0grenme miidahalesinin etkilerini belirlemek
amaglanmistir.  Calismanin sonucunda arastirmacilar,
6grencilerin story map aracinin, nasil, ne zaman ve hangi
sirayla 6grenmek istediklerini secebilecekleri, tek bir
gorsel platformda birden fazla kaynaktan bilgiye erisime
olanak tanidigini ifade ettiklerini belirlemislerdir. Ayrica
Ogrencilerin story map aracinin resimler, videolar,
animasyonlar ve grafikler gibi ¢oklu araglar1 kullandig1
icin, karmasik goriinen fiziki cografya ve jeomorfoloji
ilkelerini ¢oklu a¢idan algilamalarina ve kavramlari
somut hale getirdigi icin 6grenmelerini kolaylastirdigi
sonucuna ulasmislardir.

Veri  toplamayr kolaylastirma ve  hikdyeleri
paylasmaktan zevk alma 6zelligi C31 kodlu ¢calismada 6ne
cikmistir. Calismada dijital hikaye haritalar1 olusturma
stireci araciligiyla genglerin ortak bilgi {liretimi
arastirilmistir. Arastirmacilar katilimcilarin story map
uygulamasinin hem veri toplamayi kolaylastirdigini hem
de hikayelerini tanimadiklari izleyicilerle paylasmanin
onlara keyif verdigini belirttiklerini tespit etmislerdir.

Arastirmaya dahil edilen g¢alismalarin 8’i, bu
mekansal teknoloji aracinin egitim ortamlarinda
kullaniminin sagladig1 yararlar iizerine odaklanmistir.
Bu faydalar; yerel ve kiiresel baglantilar kurmayi
saglama(C3), derin 6grenmeyi destekleme (C5), zengin
tartismalari tesvik etme (C4), 6grenciyi motive ederek,
6grenme siirecine karsi olumlu tutum gelistirme (C2),
bolgesellestirme ve bolge tiirlerini tanitma (C9), kiiresel
sorunlara ilgi olusturarak bilingli ve duyarhh vatandas
olmay1 saglama(C23), bilginin iretimi, kullanim1 ve
paylasimini kolaylastirma (C18), coklu multimedya
aracglarini birlestirme (C22) seklinde ifade edilmistir.

Yerel ve kiiresel baglanti kurmayi saglamaya vurgu
yapan C3, (€23 kodlu calismalarda, ESRI hikaye
haritasinin 6gretmen ve 6grencilere yerel ve kiiresel
baglantilar kurarak bir hikaye haritas1 olusturmalarina
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imkan saglayacagi ve sosyal acidan bilingli vatandaslar
olmalarma katki saglayacag iizerinde durulmustur.

Derin ogrenmeyi destekledigi gortisti C5 kodlu
calismada 6ne ¢ikmistir. Calismada hikaye haritalarinin
cografi 6grenmeyi desteklemek i¢in cografya sinifinda
O0gretmen  veya ogrenciler  tarafindan nasil
kullanilabilecegi incelenmistir. Bununla birlikte story
map uygulamalarinin cografya derslerinde konulari
derinlemesine kesfetmek i¢in haritalari, fotograflari ve
diger verileri kullanabildigi ve boylece sorgulayabilme
becerisine katki sagladig ifade edilmistir.

Zengin tartismalari tesvik ettigi vurgusu C4 kodlu
calismada o©ne c¢kmistir. Bu calismanin amacj,
katilmcilarin ~ tarim-gcevre  sorunlarini  daha iyi
anlamalarina ve ele almalarina yardimci olmak igin
modern teknolojileri kullanmalarini saglamak olarak
ifade edilmistir. Katilimcilar c¢evresel, ekolojik ve
tarimsal sistemlere iliskin anlayislarini gelistirmek icin
cevrimici haritalamay1 (Web CBS) kullanarak Geocaching
Tarimsal-Cevre Bilimleri Projesi (GASP)
gelistirmislerdir. Arastirmacilar uygulama sonrasinda
story map aracinin  agroekolojik  sistemlerin
anlasilmasin1 daha da gelistirdigini ve katilimcilar
arasinda  zengin  tartismalart  tesvik  ettigini
belirlemislerdir.

Motive etme ve égrenme stirecine karst olumlu bir
tutum gelistirmeye olan katkis1 C2 kodlu calismada
vurgulanmigtir. Calismada aragtirmacilar italya’da ESRI
hikaye haritasi olusturmanin firsatlarini ortaya koyarak,
farkli yaklasim ve tekniklere dayali olarak bir hikdye
haritas1 olusturmanin yollarin1 sunmakta ve story map
aracinin 6grencileri motive ettigini ve 6grenme siirecine
karst olumlu bir tutum gelistirmelerine yardimci
oldugunu tespit etmislerdir.

Bélgesellestirme ve bélge tiirleri tanitmaya katkisi C9
kodlu calisma ile ortaya konulmustur. Ogretmenlere
story map kullanilarak ders plani hazirlayip kaynak
sunmanin amaglandigl ¢alismada, story map aracinin
bolgesellestirme ve bolge tiirlerini tanitan bir ders
tasarimi hazirlamaya yardimci oldugunu belirtmislerdir.

Bilginin  iiretimi,  kullanimi  ve  paylasimini
kolaylastirma seklindeki faydaya C18 kodlu g¢alismada
deginilmistir. Calismada ingiltere’deki bir
ylksekogretim kurumunda gelistirilen hikaye haritasi
degerlendirmesinden elde edilen ampirik sonuglari
ortaya koymak amaglanmigtir. Uygulama sonucunda
arastirmacilar, story map teknolojisinin 6grenmeye
odaklanmak i¢in 06grencilere firsatlar sundugunu,
bilginin nasil tretildigi, ¢cercevelendigi ve sunuldugu
lizerine diisiinmek icin degerli pedagojik firsatlar ortaya
cikardigini ve ogrencilerin bilgiyi sorgulamalarina
katkida bulundugunu ileri siirmiislerdir.

Coklu multimedya araglarint kullanma imkani
sunmasl €22 kodlu ¢alismada ele alinmistir. Bir ders
plani olarak tasarlanan calismada 6grenciler dort ila alt1
kisilik bir grubun pargasi olarak, insanlarin iklim
degisikligi hikayelerini anlatan, herkesin erisebilecegi
kaynaklar olusturmakla gorevlendirilmislerdir. Amag
iklim degisikliginin insan izerindeki etkilerine yanit
aramaktir. Etkinlik sonunda arastirmacilar, bu ders
tasarimiyla 6grencilerin hikayelerini olustururken, iklim
degisikligiyle ilgili verilerin, haritalarin ve diger

multimedya araglarinin nasil birlestirilebilecegini fark
ettiklerini ifade etmislerdir.

Tarih alaninda iki calismaya (C19, C26) ulasilmis
olup, bu c¢alismalarda story map aracinin st diizey
diistinme  becerilerini  giiclendirme (C19), birincil
kaynaklar1 analiz etme ve tarihsel bilgileri iletme ve
bilginin tiretimi, kullanimi ve paylasimini kolaylastirma
(C26) seklinde avantajlar sagladigi ortaya konulmustur.
19 kodlu calismada CBS hikaye haritasi uygulamasinin
tarih alaninda Ust Diizey Diisiinme Becerilerini (HOTS)
gl¢lendirmedeki potansiyelini incelemek amag¢lanmistir.
Calisma sonucunda arastirmacilar, 6grenci iiriinlerinin
incelenmesi ve analizi yoluyla, o6ykii haritalarinin
Ogrencilerin iist diizey tarihsel diisiinme becerilerini
gl¢lendirme potansiyeline sahip oldugunu
belirlemislerdir. C26 kodlu ¢alismada ise story map
yoluyla, o6grencilerin gecmis Kkisilerin, yerlerin ve
olaylarin dijital cografi bilgi sistemleri (GIS) haritalarini
olusturmalarina ve bunlar1 metin, resimler ve diger
multimedya ile birlestirmelerine olanak taniyan
cevrimi¢ci  platform  kullanilmistir.  Arastirmacilar
uygulama sonucunda Oyki haritalarinin 6grencilerin
birincil kaynaklari analiz etme bicimlerini
gelistirdiklerini ve tarihi bilgileri iletme tirlerini
degistirdigini ifade etmislerdir.

Topografya alaninda bir ¢alismaya (¢8) ulasilmis ve
calismada ¢oklu multimedya araglarint kullanma ve
etkilesimli olma seklinde bir fayda ortaya ¢ikmistir. Bu
arastirmada bir 6gretim araci olarak 6yki haritasinin
Ogrencilerin topografyayr o6grenmelerine katkisini
saglamak ve etkililigini degerlendirmek amaglanmistir.
Arastirmacilar 6grencilerin ESRI 6yki haritasina yonelik
degerlendirmelerinin olumlu oldugunu, ayn1 zamanda
etkilesim, kiiresel erisim ve birden ¢ok cihazda kullanim
gibi avantajlar sagladigini belirtmislerdir.

Sosyal bilgiler alaninda bir c¢alismaya (C11)
ulasilmis ve calismada sosyal bilgiler derslerinde story
map aracinin kullaniminin dersin ve konunun ilgi cekici
olmasint  saglama seklinde bir fayda sagladigl
belirlenmistir. Aragtirmacilar 6grencilerin, farkli harita
katmanlarinda bulunan gesitli bilgilere erisebildikleri
icin 6ykii haritalarim ilgi ¢ekici olarak algiladiklarim
tespit etmislerdir.

Incelenen calismalarda ESRI story map aracinin
yukarida ifade edilen faydalarinin yaninda, 5
arastirmada (C14, C17, C20, C27 ve C28) arastirmacilar
bu aracin belirgin bir faydasi olmadigina temas
etmislerdir. Bunlardan (14 kodlu ¢alismada Giiney Kore
de bir iiniversitede 30 cografya 6gretmen adayinin
cografi bilincini gelistirmek i¢in hikdye haritalarinin
potansiyelini analiz etmek amagclanmistir.
Arastirmacilar,  katiimcilara  uygulanan  hikaye
haritalarma dayali 06gretim yonteminin, cografya
bilincini anlamli  bir gsekilde degistirmedigini
belirlemislerdir. Bir diger ¢alismada ise (C17) 10. simif
“Gocler” konusuna yonelik story map uygulamalarinin
Ogrencilerin akademik basarilarina etkisi belirlenmeye
calisilmistir. Arastirmada deney grubunda story map
uygulamasi kullanilarak égrencilere go¢ konulu bir ders
materyali hazirlattirilmis, kontrol grubunda ise klasik
yontemle go¢ konusu islenerek 3 haftalik siirede
uygulama tamamlanmistir. Baslangicta iki grupta yer
alan 6g8rencilere 6n test seklinde yapilan go¢ basari testi
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sonucunda her iki grubun basar1 diizeyleri arasinda
istatistiki a¢idan anlam ifade edecek bir farkliliga
rastlanmamistir. C20 kodlu ¢alismada ise, bir egitim-
O6gretim doneminde story map kullanilarak bir web
uygulamasi tasarlamak amag¢lanmistir. Arastirmacilar
arastirmanin sonucunda katilimcilarin ArcGIS Online’in
islevselliginin  acitk  olmadigim1  ifade ettiklerini
belirlemislerdir. C27 kodlu ¢alisma 27 lisans 6grencisiyle
yurutilmiustir. Arastirmada 6grencilerin ArcGIS story
maps ile gercek diinya sorunlarini arastirarak web
haritalamanin teknik becerilerini 6grendikce, cografi
yeteneklerinin nasil gelistigi incelenmistir. Calismanin
sonucunda arastirmacilar, 6grencilerin cografyaya karsi
tutumlar ve cografi problem ¢dzmeyi desteklemek icin
gerekli olan yasam becerileri ile iliskilerini incelemeden,
cografi yeteneklerinin dikkate almanin yeterli
olmayabilecegi sonucuna ulasmislardir. €28 kodlu
calisma ise cografya 6gretmen adaylarinin ti¢ uygulamay1
(Knight Lab StoryMap]S, Esri ArcGIS StoryMaps ve
Google Tour Builder) kullandiklar1 pedagojik bir deneye
odaklanmistir. Arastirmacilar c¢alismanin sonucunda
ogrencilerin daha 6nce ArcGIS Online, ArcGIS Desktop
kullanma deneyimine sahib olmalarina ragmen, google
hikaye olusturma aracini ESRI'nin aracina gére daha
fazla tercih ettiklerini belirlemislerdir. Arastirmacilar
ogrencilerin bu tercihlerinde Tour Builder'a Google
Hesaplarn ile kolayca giris yapabilmelerinin, diger iki
uygulamaya giriste sorun yasadiklarinin etkili oldugu
sonucuna ulasmislardir.

4. Sonuglar

“Story Map” aracinin egitim ortamlarinda
kullanimini konu edinen ilgili alanyazinin analiz edildigi
bu arastirmada 2014 ve 2022 yillarnn arasinda
yayinlanmis toplam 31 ¢alisma arastirma kapsamina
dahil edilmistir. Bu ¢alismalarin ¢ogunlugunun (25)
stireli bir dergide yayimlanan makale, 4 tanesinin yiiksek
lisans tezi, 2’sinin ders i¢i etkinlik tasarimina yonelik
oldugu belirlenmistir.

Calismalarin yillara gére dagilimina bakildiginda
2018, 2020 ve 2021 yillarina ait 6’sar c¢alismaya
ulasilirken, bu sayinin 2019°da 5’e, 2022’de 3’e diistiigi
gorilmistiir. Story map aracinin egitim ortamlarinda
kullanimini konu edinen ilk g¢alismaya 2014 yilinda
ulasilmis, mevcut ¢alismanin 6gretmenlerle yapilan bir
anket calismasi oldugu goriilmiistiir. Bununla birlikte,
2015 ve 2016 yilina ait ikiser ¢alismaya ulasilmistir.
Calismalar iilkeler bazinda incelendiginde ise mevcut
calismalarin ¢ogunlugunun ABD menseili (15) oldugu
gorilmistiir. Story map aracinin ABD mengeili bir
teknoloji araci olmasinin bu sonugta etkili oldugu
diisiiniilmektedir. Bunun yani sira ingiltere (3), italya,
Tirkiye, Norveg¢ (2), G. Kore, Almanya, Malezya, Latin
Amerika, Cin-Yeni Zelanda, Slovakya, Endonezya-Misir
(1) menseili galismalara da ulasilmistir.

Arastirmaya dahil edilen c¢alismalar, arastirma
modeline gore incelendiginde nitel (22) ¢alismalarin
agirlikta oldugu gorilmiistiir. Bunun yani sira, 4 adet
karma, 3 adet nicel, 2 adette ders tasarimina ulasilmistir.
Nitel arastirmalarda arastirma deseni olarak
fenomenoloji ve proje ¢alismalarina rastlanirken, eylem
arastirmasi, saha c¢alismasi, ampirik ¢alisma, vaka

calismas1 yontemleri de tercih edilmistir. Nitel arastirma
kapsamina giren calismalarin 5’'inde arastirma deseni
belirtilmemis, 5 ¢alismada da kuramsal diizeyde egitim
ortamlarinda story map kullaniminin ele aldig:
gorilmistiir. Nicel calismalarda arastirma deseni olarak
tarama arastirmasi ve deneysel desenin tercih edildigi
gorilmistir. Karma arastirmalarda ise veri toplama
araglar1 olarak odak grup goriismesi-cevrimici anket,
gozlem-alan gezisi-anket ve Olgek-6grenci gunlikleri
kullanilmistir. Story map aracinin ders i¢i kullanimina
kilavuzluk etmesi amaciyla iki adet ders tasariminin
oldugu belirlenmistir. Calismalarda katilimc1 olarak
cogunlukla 6grencilerin tercih edildigi ve 6grencilerin
story map aracina yonelik algilarinin, akademik
basarilarina etkisinin ortaya konuldugu gorilmistiir.
Ogretmenlerin arastirmaya dahil edildigi 2 calismaya
ulasilmis ve 6gretmenlerin story map aracinin ders igi
kullaninmina  yonelik  gorislerini  degerlendirmek
amaglanmistir.

Calismalar arastirma alanina gore incelendiginde
Cografya (14) temelli calismalarin agirlikta oldugu
gorilmistiir. Cografya temelli calismalarda etkilesimli,
ilgi cekici, eglenceli, cografya farkindaligini artirma,
kiiresel sorunlarla ilgilenme, bilingli ve duyarl vatandas
olmay1 saglama, siirdiiriilebilirlikle ilgili egitime katilim1
artirmada yararli olma, dersin ilgi ¢ekici olmasini
saglama, haritalama ve konumlandirmay:1 gelistirme,
asinalik, alg1 ve gliven kazandirma, derse yonelik olumlu
tutum gelistirme, kullanim kolaylig1 ve etkilesimli olma,
motive etme, derin O6grenmeyi saglama, mekansal
diisiinme becerisini saglama, ¢oklu bilgiye erisimi
saglama, bilgiyi somut hale getirme, veri toplamayi
kolaylastirma, hikayeleri paylasmaktan zevk alma
seklinde yararlar sagladigi sonucuna ulasilmistir.
Kuramsal olarak story map kullanimi konu edinen
calismalarda (8) arastirmacilar, yerel ve kiiresel
baglantilar kurmay: saglama, derin 6grenmeyi saglama,
zengin tartismalari tesvik etme, dgrenciyi motive etme,
O6grenme siirecine karsi olumlu tutum gelistirme,
bolgesellestirme ve bolge tiirlerini tanitma, kiiresel
sorunlarla ilgilenme, gercek diinya sorunlarini algilama,
bilin¢li ve duyarli vatandas olmay:1 saglama, bilginin
iretimi, kullanimi1 ve paylasimini kolaylastirma, ¢oklu
multimedya araglarini birlestirme, seklinde faydalari
oldugunu belirtmislerdir. Tarih alaninda ulasilan iki
calismada arastirmacilar, story map aracinin ist diizey
disiinme becerilerini giiclendirme, birincil kaynaklari
analiz etme ve tarihsel bilgileri iletme ve bilginin iretimi,
kullanimi ve paylasimini kolaylastirma seklinde faydalari
oldugunu belirtmislerdir. Topografya alaninda ulasilan
calismada c¢oklu multimedya araglarini kullanma ve
etkilesimli olma, Sosyal Bilgiler alaninda ulasilan
calismada ise dersin ve konunun ilgi c¢ekici olmasini
saglama seklinde faydalar ortaya cikmistir. Bununla
birlikte, arastirma kapsamina dahil edilen C14, C17, C20,
C27 ve (28 kodlu calismalarda ise arastirmacilar story
map aracinin egitim ortamlarinda kullaniminin belirgin
bir faydasinin olmadigina temas etmislerdir.

Mevcut c¢alismalara genel olarak bakildiginda
calismalarda story map aracinin 6grencilerin kiresel
konulara ilgilerini artirdigy, dersi ilgi ¢ekici hale getirdigi,
ogrencilerin derin 6grenmelerine katki sagladigi ve
ogrencilerin sinif ici motivasyonunu yiikselttigine vurgu
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yapan ortak sonuglara ulasilmistir. Genel olarak

arastirmacilar, dgretmenler ve 6grencilerin story map

aracinin egitim ortaminda kullanimini faydali bulduklari
sonucuna ulasmiglardir. Sistematik bir literatiir
incelemesinin yapildig1 bu aragtirmanin yani sira;

1. Story map aracinin egitimin farkli kademelerinde
kullanimini inceleyen calismalar tasarlanabilir.

2. Arastirmanin bulgularindan hareketle story map
aracinin egitim ortamlarinda kullanimini sinirlayan
etmenler belirlenebilir ve ¢6ziim  Onerileri
gelistirilebilir.

3. Arastirmalarin genel olarak cografya disiplininde
yuritildigi dikkate alinarak farkli derslerin
O0gretiminde de story map kullaniminin etkileri
degerlendirilebilir.

4. Sosyal bilgiler derslerinde 6grenciler tarafindan
mekansal oOlgekli yerel sorunlarin belirlenmesi ve
arastirilmasin amag edinen projelerin
tasarlanmasinda kullanilabilir ve proje deneyimleri
paylasilabilir.

5. ESRI'nin uluslararasi olarak diizenledigi “Hikaye
haritalar1” yarismasi yerel ve ulusal diizeyde organize
edilebilir.

Yazarlarin Katkisi

Tim yazarlar makalenin biitiin bdliimlerine esit oranda
katki saglamislardir.

Cikar Catismasi Beyani

Yazarlar arasinda ¢ikar ¢atismasi yoktur.
Arastirma ve Yayin Etigi Beyani

Calismada arastirma ve yayin etigine uyulmustur.
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