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Bas Editor’den | Editor-in-Chief’s Note

Trafik ve Ulasim Arastirmalar1 Dergisi’nin Degerli Okurlari,

Dergimizin 6. Cildinin 2. Sayisini sizlerle paylasmanin heyecanini ve mutlulugunu yasiyoruz.
2023 yil1 Guz sayimiz farkli uzmanlik alanlarindan arastirmacilarin trafik giivenligi ile ilgili
aragtirma makalelerinden olugsmaktadir.

Guz sayimiz kapsaminda dort arastirma makalesi yer almaktadir. Makalelerimizin ilki, Ulugay
ve Tanyas tarafindan yiiriitilmis, trafik akiginin iyilestirilmesinin trafikte sikisiklig1 azaltmaya
etkisini simiilasyon temelinde incelemis bir calismadir. Oztiirk ve Akay tarafindan yiiriitiilmiis
olan ikinci makalemiz, trafikte ergenlerin cinsiyet kalip yargilarini cinsiyet ve aile iliskilerinin
rolii odagindan ele alan bir arastirmadir. Uglincli makalemiz, Baghirov tarafindan hazirlanmis
olan ve ortalama arag hizlari i¢in giiven araliklarinin olusturulmasi konulu bir ¢alismadir. Glz
sayimizin son makalesi olan, Onder ve Oncii tarafindan hazirlanan arastirma makalemizde ise
yazarlarimiz, Jandarma trafik sorumluluk boélgesinde gerceklesen trafik kazalarinin veri
madenciligi yontemiyle analizini ger¢eslestirmislerdir.

Cumbhuriyetimizin 100. yasimi biiyiik bir gururla ve coskuyla kutladigimiz Ekim ayinda
yayimlanan 2023 Giiz sayimizin sorunsuz bir sekilde tamamlanabilmesi igin stirecimize destek
veren tim makale yazarlarimiza, hakemlerimize, yaym kurulu Uyelerimize ve editorlerimize
sonsuz tesekkUrlerimi sunarim.

Dordincu cildinden itibaren TR Dizin kapsaminda dizinlenmekte olan TUAD’1n yeni sayisinin
trafik ve ulagim arastirmalari literatiiriine ve yol glivenligi uygulamalarina anlamli katkilarda
bulunacagini umuyor; trafik ve ulasim ortamlar ile ilgili farkli disiplinlerden arastirmacilarin
katkilartyla daha da zenginlesecegini dlisundugimiz 2024 Bahar sayimizda bulusana dek
saglikl giinler ve ¢alismalarinizda kolayliklar diliyorum.

Saygilarimla.

Dog. Dr. Bahar Oz

TUD
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Aragtirma Makalesi

Trafik Akis1 Iyilestirmesinin Trafik Sikisikhigim1 Azaltmaya Etkisi:
Simiilasyonlu Alternatif Bakis

Utkan Ulugay'* *, Mehmet Tanyas?

! Lojistik ve TZY Doktora Programi, Maltepe Univezrsitesi, istanbul, Tiirkiye
2 Uluslararasi Ticaret ve Lojistik Boliimii, Maltepe Universitesi, Istanbul, Tiirkiye

Oz
Calismanin amaci biiyiik sehirler igin ¢evre yolunda dinamik trafik akisina uygun diizenlemelerle akisi iyilestirerek emisyonu
azaltmak, seyahat siiresini uzatan beklemeleri azaltarak yakit tasarrufu saglamaktir. Bir ¢cevre yolundaki trafik akisi i¢in farkl
kurallar1 igeren senaryolar Goldratt Research Labs tarafindan AnyLogic iizerinde hazirlanan Traffic Flow paket simiilatorii
kullanilarak operasyonel bazda kiyaslanmustir. Yaygin kullanilan statik ve sensorlerle desteklenen hibrit uygulamalar yerine
trafik yogunluguna dayali katilim sinir1 igeren dinamik sistem kullanildiginda yoldan gecen arag sayisi artmakta ve seyahat
siiresi kisalmaktadir. Biiyiiyen sehirler ve artan lojistik hacim cevre yol diizenlemesini gerektirmektedir. Ozellikle transit
gecislerdeki yerlesim yerlerinde ve trafik yogunlugu yasanan biiyiik sehirlerde mevcut trafik sensorleriyle baglantili olarak
kullanilabilecektir. Cevre yolu trafik diizenlemeleri arasinda Istanbul’da uygulanmayan akilli sinyalizasyon, yan yolun akill
gecis tercihine baglanmasi, yola katilim sinirlamasi, otoyolda trafik sinyalizasyonu gibi alternatifler simiilasyon ortaminda

degerlendirilmistir. Metot icindeki acil gegis — araba — kamyon kurgusu, is diinyasindaki acil igler — normal kapsamli isler —
genis kapsamli igler olarak yorumlandiginda proje yonetimi i¢in de gegerli goriinmektedir.

Anahtar Kelimeler: ¢evre yolu, trafik akisi, akilli sinyalizasyon, simiilasyon

Reducing Traffic Congestion by Improving Traffic Flow: An Alternative Approach by

Simulation
Abstract

This study aims to propose an alternative approach for traffic flow regulation in smart city ring roads by dynamic signalization
to reduce emissions and traffic congestion. Benchmarking is based on a commercially available simulator (Traffic Flow)
developed by Goldratt Research Labs and AnyLogic. Static, hybrid and dynamic rules were assessed under various scenarios
and selected key performance indicators (KPIs). Dynamic signalization backed up with a load cap yielded better results
compared to traditional static or sensor-assisted hybrid systems. Growing cities and increasing logistics volume require ring
road regulation. It can be used in conjunction with existing traffic sensors, especially in residential areas in transit and in big
cities with heavy traffic. Among the ring road traffic regulations, the alternatives that are not implemented in Istanbul such as
smart signalization, load cap, smart fast lane pass, and signalization on highway were evaluated in the simulation environment.
Considering emergency vehicles as urgent projects, cars and trucks as normal and large projects it seems to be valid for project
management as well.

Keywords: ring road, traffic flow, smart traffic lights, simulation
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Trafik Akis: Iyilestirmesinin Trafik Sikisikhgim Azaltmaya Etkisi: Simiilasyonlu
Alternatif Bakis

Birlesmis Milletlerin dnciiliigiinde kiiresel ¢apta siirdiiriilebilirlik ana giindem haline gelmistir.
Siirdiiriilebilir Kalkinma Amaglarryla biitiinciil bir yaklasim sergilenmistir. Iklim krizi riski
karbon emisyonu konusunun Onemini artirmigtir. Trafik sikigikli§i araglarin trafikte
beklenenden daha uzun siire kalmasina, daha ¢ok fosil yakit tiiketmesine, daha ¢ok emisyona
yol agmakta ve sliriici ve yolcularin ruh halini olumsuz etkilemektedir. Trafik akisi
iyilestirilerek yoldan gecen arag sayisini artirildiginda ve yolda gecen siire azaltildiginda bu
olumsuz etkiler hafifleyecektir.

Kirsaldan kente olan niifus hareketi sehirlerin biiyiimesine ve trafik sikisikliginin artmasina yol
agmaktadir. Oniimiizdeki on yil icinde, biiyiiyen sehirlerin %95’ i gelismekte olan iilkelerde
olacaktir (Siirdiiriilebilir Kalkinma Amagclari, 2023). Dolayisiyla gelismekte olan iilkelerde
lojistik merkezlerin ¢evre yollarina uygun konumlandirilmasi ve ¢evre yollarinda azami trafik
akisinin saglanmasi emisyonu azaltacaktir. Trafik akigini iyilestirmek {izere yeni bir otoyol
veya kopriilii kavsak ingasi pahali ve zaman alic1 bir ¢abadir ve kimi zaman ¢evresel sartlar
nedeniyle miimkiin olamamaktadir. Bu nedenle mevcut altyapinin iyi degerlendirilmesi 6nem
kazanmaktadir (Ki, Na ve Kim, 2019).

Trafik akisini zorlastiran bir diger faktor trafikteki arac¢ sayisidir. Cevre yolu kullaniminin
sehrin giinliik hayatiyla 6zdeslestigi Istanbul’da paylasimli ara¢ kullanimi, uygun ve yeterli
toplu tasima olanaklarinin yetersizligi, farkli kurumlarda farkli mesai saati uygulamasinin
yapilmamasi, uzaktan ¢calismanin yeterince desteklenmemesi, sehrin genislemesine ragmen is
merkezlerinin gorece ayni yerde kalmasi, trafik kurallarina uyumun bireyler arasinda farklilik
gostermesi, yeterli park yerinin saglanamamasi ve gece lojistiginin gelismemesi gibi faktorler
trafik akisin1 zorlagtirmaktadir.

Ozetle gog alarak niifusu artan ve artan niifusla beraber trafigi yogunlasan biiyiik metropollerin
cevre yollarindaki trafik akisinin iyilestirilmesi kamu yarar saglayabilecektir.

Makalenin ikinci boliimiinde literatiir aragtirmasi, liclincii boliimiinde kullanilan simiilator,
parametreleri, segilen kriterler ve senaryolar, dordiincii boliimiinde belirlenen kriterlerde
senaryo karsilastirmalari, segilen yol kesiti icin 2021 verisiyle fiili - dneri karsilastirmasi,
besinci boliimiinde bulgularin tartisilmasi, altinci boliimiinde sonug ve oneriler yer almaktadir.

2. Literatiir Arastirmasi

Trafik akisini iyilestirmek iizere sinyalizasyon, kavsak yonetimi, serit sayisini artirma, siirat
limitleri, zaman veya arag tipi bazli yol kullanim hakki sinirlamalari, toplu tagima, ticretli gegis,
alternatif glizergah, kademeli mesai saatleri, merkezi kontrol, trafik yonlendirmede dijital uyari
tabelalari, trafik kural ihlal belirleme sistemleri, trafikle iliskili ek vergilendirme gibi farkli
secenekler giindeme gelmistir (Oztiirk, 2006; Pulur, 2010).

Bu segeneklerden sehir ici toplu tasima sistemi (Koylii ve Onder, 2017), merkezden kontrollii
akilli sinyalizasyon (Oztiirk, 2006), doner kavsakta sinyalizasyon (Uludamar ve Tiiccar, 2018)
konulu c¢alismalarda simiilasyon yontemi kullanilmis ancak ¢evre yolu konusuna
deginilmemistir.

Cevre yolu igeren ¢alismalarda gisesiz otoyol gecisi (Pulur, 2010), sensorle trafik yogunlugu
takibi (Sonmez, 2017), siirlicii-yol-merkez etkilesimi (Kuklova ve Pribyl, 2019) ve arag tipi
bazinda siirat-rota sinirlamalar1 ve paylasimli ara¢ kullanimi (Kuklova, 2021) degerlendirilmis
ancak bu caligmada s6z edilen yan yol kullanimi ve akilli sinyalizasyonla yola katilim
sinirlamasi alternatifleri yer almamistir.
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Akilli yol ve akilli ara¢ gerektiren sistemlerin merkezi kontrol birimiyle iliskilendirildigi
calisma (Ki, Na ve Kim, 2019), gelismekte olan iilkelerde 6nemli bir altyapi yatirimi
gerektirecektir.

Trafik akisinin karmasik dogasi itibariyle en uygun analiz yontemi simiilasyondur (Koylii ve
Onder, 2017). Simiilasyon yazilimlar1 arastnda SUMO ver 0.10.3, Aimsun ver 6.0.4, Paramics
ver 6.4.1, SimTraffic ver 6, CORSIM ver 6.1 ve PTV Vissim ver 9 yazilimlar karsilagtirilmistir
(Akkaya ve Engin, 2022). Ancak bu karsilastirmaya ayrik olay (Discrete Event), etmen tabanl
(Agent Based) ve sistem dinamikleri (System Dynamics) yontemlerini ayni anda kullanabilen
AnyLogic dahil edilmemistir.

AnyLogic yazilimmi tercih edenler arasinda takiben optimizasyon yapilmasii Onerenler
(Merkuryeva ve Bolshakovs, 2010), etmen tabanli yontem sayesinde siirlicii davranigini
canlandirabilme avantajina dikkat ¢ekenler (Kuklova ve Pribyl, 2019) ve gercek hayat sartlarina
uygun model kurma esnekligi tizerinde duranlar (Kuklova, 2021) olmustur.

Trafik akisin1 diizenleme konulu ¢aligmalar arasinda ¢evre yoluna odakli, mevcut altyapida
onemli degisiklik gerektirmeyen, yan yol kullanimi1 ve akilli sinyalizasyon ile yola katilim
sinirlamasini inceleyen ¢alisma goriilememistir.

Arastirma sorusu “Istanbul’da denenmeyen trafik akisi diizenleme alternatiflerinin gevre
yolunda trafik akisina etkisi nedir?” seklinde secilmistir. Yol veya kopriilii kavsak gibi onemli
yatirnmlar gerektirmeyen bu alternatifler yan yolun akilli gecis tercihine baglanmasi, akilli
sinyalizasyon ile yola katilim sinirlamasi olacaktir.

Degerlendirilen ¢calismalar Tablo 1°de derlenmis ve ¢alismalar modellenirken kullanilan trafik
simiilasyon yazilimi not edilmistir.

Tablo 1. Literatiir degerlendirmesi

Yazarlar ’}{:3;111111 Siirdiiriilebilirlik 12‘12:21;1 yayin Uygulama
Oztiirk 2006 X Y.Lis.Tezi Sinyalizasyon
Pulur 2010 X Y.Lis.Tezi Trafik kontrol merkezleri

l\];lzl;lllgz\;z, 2010 X Konferans  Simiilasyon: AnyLogic
Koylii, Onder 2017 X X Dergi Simiilasyon: AnyLogic

Sénmez 2017 X Y.Lis.Tezi Yapay sinir ag1

Uludamar, Tiiccar 2018 X Dergi Simiilasyon: Vissim

Ki, Na ve Kim 2019 X X Konferans  Simiilasyon: AnyLogic
Kuklova, Prybil 2019 X X Konferans  Simiilasyon: AnyLogic
Kuklova 2021 X X Konferans  Simiilasyon: AnyLogic
Akkaya, Engin 2022 Dergi Simiilasyon yazilimlar

Total 4 9 10 6 Simiilasyon

3. Yontem

Bu calismada tekrar edilebilirlik niteligi olan, varsayimlari belirli, parametrik yapili ve
AnyLogic ile hazirlanan orijinal Ingilizce dilindeki Traffic Flow ver 1.1.2 kullanilmistir
(Goldratt-Research-Labs, 2023). Sekillerin altinda temel noktalar i¢in Tiirk¢e notlar verilmistir.

3.1. Simiilatoriin Yapisi

Simiilatoriin acilis ekran1 Sekil 1°de gosterilmistir. Parkur iki seritlidir ve opsiyonel yan yol
vardir. Yan yollar ana yola tek bir noktada birlesir ve yine tek bir noktada ayrilir. Ambulans,

TUD
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itfaiye, polis gibi gecis TUstiinliigli olan araglar tanimlanabilir. Ayrica kendine 06zgi
parametreleriyle otomobil ve kamyon olarak iki arag tipi tanimlanmigtir. Simiilator 4 saatlik
siireyi canlandirmaktadir. Her senaryoda belirlenen kurala gore planlanan varig siiresi
hesaplanmakta ve simiilator calisirken hem araclar hem yol bdliimleri renk kodlu olarak
gosterilmektedir. Gecikmelere siyah, gecikmek {izere olanlara kirmizi, normal olanlara sar1 ve
planm ilerisinde olanlara yesil renk kodu verilmistir.

£ Goldratt's TRAFFIC FLOW SIMULATION Goldratt

Number of rounds
All vehicles must complete 2 rounds by
default. Later, you can change that, if desired.

Vehicle arrival
Cars and trucks amve randomiy via this on-ramp.

They merge onto the main (outer) road via a traffic-
light. You can apply peak or constant traffic rafes.

Emergencies arrival (off by default)
Emergency vehicles airive randomfy via this

on-ramp. They merge onfo the inner FAST
ROAD. You can adjust the arrival rate.

Goldratt's Traffic Flow Simulation

You are governing a simple traffic loop: Vehicles
arrive via ramps, drive for several rounds and
depart via exits. You will hit a gridlock very fast.
Adjust several options to avoid gridlocks AND
improve performance

The FAST ROAD M : .
The innier road is used by (fast) emergency vehicles. . - Vehicles & speeds
Later on, you can allow cars or trucks to use it as well, ro. There are three types of vehicles, potentially
if they were defayed or at risk of gefting late. - driving at different speeas:
Yy [Tl Trucks travel at 80.0 km/hr
P = B8] Cars travel at 80.0 km/hr
Vehicle departures

After complefing the required rounds, R Emergencies travel at 80.0 km/hr

vehicles exit via their closest exit ramp.
GET STARTED

Start your journey

Version 1.1.2 . -
License expires on 05/09/2033

Sekil 1. Trafik simiilatérii agulis ekrani
Not: Vehicle Arrival-Arag girisindeki kamyon payi, The FAST ROAD-yan yol kullanimi, Vehicle departures-
yoldan ¢ikis noktasi, Vehicles & speeds-arag tipine gére hiz atamasi, Emergencies arrival-gecis tistiinliigii olan
arag giris temposu, Number of rounds-tur sayisi

Karsilastirma i¢in kullanilacak temel senaryoda kamyon girisi yoktur, yan yol yoktur, gecis
iistiinliigli olan araclar girmeyecektir, otomobillerin seyir hiz1 80 km/saattir, otoyola katilim
temposu dakikada 5 aractir ve saatlik dalgalanma yoktur. Otoyola katilimda sabit siireli trafik
lambas1 vardir, katilan araglara %70 oraninda yesil 151k yanmaktadir ve araglar parkurda 2 tur
kalacaklardir. Planlanan seyir siiresi statik kurala gore (1) esitliginde gosterilen sekilde
hesaplanmuistir.

(1) Planlanan siire = bos parkur tamamlama siiresi + 3 kat emniyet pay1 + 2 kat giris kayip
pay1

(2) Ornek: Planlanan siire = 5 dakika + 3 x 5 dakika + (5 dakika + 3 x 5 dakika) x 2 = 60 dakika

Bu simiilasyonun sonuglar1 Sekil 2’de gosterilmistir. Planlanan siire 58 dakika olmasina ragmen
gergeklesen siire 44 dakika gecikmeyle 102 dakikadir. Araglarin sadece %27,9° u planlanan
siirede parkuru tamamlayabilmistir. Araglarin ortalama hizi1 3 dakika boyunca 3km/saatin
altinda kaldiginda simiilator trafigin kilitlendigini raporlamaktadir, bu senaryoda 45 dakika
icinde trafik kilitlenmistir. Yola katilmak isteyen 2430 aragtan ancak 560 tanesi yola girebilmis
ve yola giren araglardan sadece 334 arac hedefe ulasabilmistir.

Trafik ve Ulasim Arastirmalan Dergisi
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into backiog = '
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e o -

i| #vehicles (by quoted leadtime) 2096 total *

Vehicles / min
Mins per km

Average speed, KPH
# of vehicles

#vehicles

) omste 2 o 228
time time time

Average Speed by # of vehicles @ Throughput by # of vehicles 1 km Travel Time by # of vehicles
i| Road utilization

H

Venicles § min
Mins per km

Average speed, KPH

# vehicles in system v H Entry & Exit rates
4 | . @® combined O spit by road

334

Total

Truck (slow, big task) Car (smail. fast task) Emergency vehicle

Sekil 2. Trafik simiilatéri agulis ekrani

Not: Arrivals-giren arag sayilari, Backlog-yola katilamayan araglar, Entries-yola katilan arag sayilari, Quoted
lead times-hesaplanan tahmini varis siireleri, Actual lead times-gerceklesen varis siireleri, #vehicles-hesaplanan
siireye uyum performansi, Road utilization-yol kapasitesinin kullanim orani, Entry & EXxit rates-giris ve ¢ikis
tempolari

Baska bir ifadeyle yolun kapasitesi daha yogun trafigi kaldirabilecek seviyede oldugu halde
yola katilamayan araclar sehir i¢inde sikisikliga sebep olurken, yola katilabilenler hedeflerine
gecikmeli ulagabilmistir. Katilan arag sayisi1 artarken trafigin akisi yavaslamistir.

3.2. Simiilatoriin Parametreleri

Simiilatorde araglarin i¢indeki kamyon pay1, gegis listlinliigli olan arag giris temposu, belirli
donemlerde artan trafik yogunlugu, ara¢ tipi bazinda hiz limiti, yan yol kullanimi, parkurda
kalma stiresi, seyahat siiresi hesabi i¢in parametre alternatifleri ayarlanabilmektedir.

Sisteme kamyon giris orani giren araglarin yiizde cinsinden %0 ila %100 arasinda
belirlenebilmektedir, kamyonlar diger araglardan daha uzun olduklari i¢in yolda daha ¢ok yer
kaplamakta ve daha yavas olduklari i¢in daha uzun siire yolda kalmaktadir.

Acil durumlan temsilen gecis iistiinliigii olan ara¢ girisi opsiyoneldir ve arag girisine izin
verildiginde yola giris temposu 0 adet/dakika ila 5 adet/dakika araliginda belirlenebilmektedir.

Arac girigleri sabit segildiginde 0 adet/dakika ila 5 adet/dakika araliginda veya belli
donemlerdeki trafik yogunlugunu temsilen zamana duyarl segilirse 06:00 — 10:30 ¢alisma
donemi iginde 15 dakikalik donemlerde O adet/dakika ila 15 adet/dakika araliginda
ayarlanabilmektedir.

Gegis stiinliigii olan araglar, otomobiller ve kamyonlar i¢in ara¢ hizlart bagimsiz
belirlenebilmektedir.

Otoyola katilimdaki trafik 1siklari normal sec¢ildiginde yesil yanan zaman yiizdesi parametriktir,
akilli segildiginde katilim noktasindaki trafik 15181 bolgesinde ve ¢evre yolunda trafik
yogunlugu %33’ten az iken yesil, %33-67 araligindayken sar1 ve %67 den biiyilikse kirmizi
olarak gosterilmektedir. Calisma prensibi Sekil 3’te gosterilmistir. Esik degerler simiilatore
gomiiliidiir ancak gelecekte c¢alisilan vakaya uygun esik degerlerinin simiilasyonla
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modellenerek belirlenmesi uygun olacaktir. Bu calismada sadece alternatif bakis agisi

gosterilmek istenmistir.

Hayir

Hayir
e

Katilimda 11k
bolgesi 30
saniyedir yesil mi?

Cevre Yolu
trafik 11Iginda
bekleyen arag
<10 mu?

[ Akill Sinyal Algoritma Baslangici )

Cevre Yolu
yogunluk
durumu yesil mi?

Gevre Yolu 30 Hayir
saniyedir yesil

mi?

Trafik 1s1ginda Hayr

bekleyen arag
<18 mi?

Evet Trafik 1g1§indan sonra

1s1k bolgesi kadar
alandaki arag < 30 mu?

[ Gevre Yoluna katilim igin YESIL i1k yansin

Trafik 1g1gindan sonra
1s1k bolgesi kadar
alanda ortalama hiz > 6
km/saat mi?

{

Cevre Yoluna katilim igin KIRMIZI 1g1k yansin P

Sekil 3. Akiully trafik 1siklar algoritmasi

Statik kuralda planlanan seyahat siiresi her arag i¢in ayni sekilde ve (1) esitliginde gosterildigi
gibi emniyet faktorlerine uygun olarak hesaplanir. Hibrit kuralda planlanan seyahat siiresi
hesaplanirken trafik yogunluguna gore on beser dakikalik dilimler halinde giriste bekleme
kay1p siiresi ve parkurda kalma siiresi ayarlanabilir. Dinamik kuralda planlanan seyahat siiresi
her arag icin sisteme giris aninda yol ve trafik durumuna gore otomatik hesaplanir. Parametre
ayar ekranlar1 Sekil 4’te gosterilmistir.
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Xt Custom scena

Arrivals setup

(BAcK 10 STORY ) (G

Static quoting

©Backlog allowance O Circuit duration

Safety factor circuit Backlog allowance
How much time do we expect vehicles to spend in backiog, based on their arrival into the system?
x1 Ox15 Ox2 ©x3 H e | 60 | o | |
H Pl - L ML N e e 50
g 45 | | a5 |
Backlog allowance A 0] |42 35
gL 2 2
F s I I
s [ | I
Tawofdey B B ]

Example om0 5
Dynamic quoting

_Circuit driving: 40 20 12

ol 120060 36

Sekil 4. Parametre ayarlama ekranlari
Not: Arrival setup: arag girislerindeki kamyon payi, gecis tistiinliigii olan arag giris temposu, arag hizlari, 15
dakikalik dilimlerde trafik yogunlugu tamimlamasi. Flow setup: yola katilimda sinyalizasyon, yan yol kullanimi,
tur sayisi, trafige gore yola katilim sinirlamasi. Leadtime quoting setup:static, hibrit veya dinamik tahmini varig
stiresi hesaplamast

3.3. Simiilatordeki Kriterler

Taranan literatiirde kullanilan degerlendirme kriterleri Tablo 2’de 6zetlenmistir. Bu kriterlerden
yol kapasitesi anlaminda parkurda kalan ve ¢evre yoluna katilamayan arag sayilar1 ve ortalama
hiz anlaminda trafik kilitlenene kadar gegen zaman kriterleri kullanilmistir.

Tablo 2. Literatiirde kullanilan Kriterler

Yazarlar Yay.ln. Kullamlan Kriterler
Tarihi
Pulur 2010 Seyahat siiresi, ortalama hiz, ortalama gecikme siiresi, tasit sayisi
Merkuryeva, Bolshakovs 2010 Seyahat siiresi
Sénmez 2017 Seyahat siiresi, yol kapasitesi, ortalama hiz
Uludamar, Tiiccar 2018 Seyahat siiresi, gecikme siiresi
Ki, Na, Kim 2019 Seyahat siiresi, tasit sayist

Ayrica Sekil 5’te gosterildigi gibi senaryolarin sirali 6zet tablosunda trafik kilitlenene kadar
gecen slire, katilmak isteyen arag sayisi, katilamayan arag sayisi, katilan arag sayisi, ¢ikan arag
sayisi, plana uygun tamamlayan arag yiizdesi, planlanan ve gerceklesen siire, ortalama gecikme
stiresi, bu siirelerin gorsel dagilimi ve verilen parametre setiyle simiilasyonun tekrar sayisi
karsilastirmali olarak verilmektedir.

Trafik ve Ulasim Arastirmalan Dergisi



Ulugay ve Tanyas / TUAD, 6(2), 96—110

e Results Static quoting

@AH vehicles O Trucks © Cars O Emergency vehicles

58 mins Runs150 far
WIP caf E—— RETEE 43 mins
No S 100 mins Delayed
@ setuaiiy (WE) 73 53 (7%) @ Actua time n.vcut (£ ramgs) 21,77 (22% mins Actual
44 mins 2,449 1,771 678 213 452 28 % v B
Mins to gridiock ~ Arrived tot  leftin WIB  Entered tot  leftin circuit  Exited  On-time a?rwa\ B TRY AGAIN e
= 1
58 mins Runs so far
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84 mins Delayed
" sckiog ( 8 (78 ps) 18.71 (22%) mins i Actual
Never 2,356 1,391 965 187 776 35 % i R
clight | Mins to gridlock Arvedtot leftinWIB Enferedtot leftincicuit  Exited  On-time a?rwa\ N M/’
WIP cap & priori Iane gerl {o use the inner fast lane
7 = p:c i ;‘m.:y e ’ 58 mins Run51so far
Planned 18 mins
_— 75 mins Delayed
® Actualwatingn-backiog (WS) 52,25 (71%) @ Actul e fn-cicuit & ramps) 21 33 (28% mins Actual
Never 2,477 1,079 1,398 260 1,130 32 % v 3
Sma c light Mins to gridlock Amved tot Ieft in WIB Entared tot  leftin circuit Exned On-time: a?rwa\ 'S TRY AGAIN b
Smart traffic Ilght & prlorlty Iane 7 o stuation. @ z 1
No ® 5scop sion 58 mins Runs so far
MIP car P e i B 13 mins
Yes P — o 44 mins Faster
Fast lane use @ Actustwiaiting n-backieg (WIS) 26 51 (23%) @ Actusl ime in-circut (& ramps) 7,33 (17%) mins Actual
e 3 On Never 2,366 642 1,724 73 1,644 63 % (
\RESTART Z Smart traffic light | Mins to gridlock  Arrived tot  leftin WIB  Entered tot  leftin circuit  Exited  On-time a?rwa\ TRY AGAIN

Wipe all resulls

103

—
Goldratt

Hybrid
Results

Sekil 5. Senaryo dzet rapor ekrani

QQUSTOM )

Not: Baseline: Kiyaslama senaryosu, WIP cap: yola katilim sinirlamasi, WIP cap & priority lane: yola katilim
smirlamasi ve yan yol kullanimi, Smart traffic light & priority lane: Akilli sinyalizasyon ve yan yol kullanima.

Dolayisiyla performans 6lgiitii olarak secilen kriterlerin toplu listesi asagidaki gibidir:

Cikan arag sayisi — i ortaminda iiretim indikatorii

Ortalama seyahat siiresi — i ortaminda akis siiresi

Plana uygun tamamlanma %- zamaninda teslim performansi

e Kilitlenme siiresi — kirmiz1 ¢izgi, trafigin kilitlenmesi istenmemektedir

3.4. Senaryolar

Senaryolar alt1 adimda kiyaslanmustir:

Katilamayan arag sayis1 — ¢evre yoluna giremeyerek sehir ici trafigine yigilanlar
Parkurda kalan arag sayisi — ¢evre yolu i¢in kullanim orani ve kapasite indikatorii

Ortalama gecikme siiresi — ¢oziim alternatiflerinin optimizasyonu i¢in kriter

Birinci adimda, kiyaslamanin bazini olusturmak ve simiilatorii tanimak iizere baslangic
ayarlariyla caligtirilmistir ve senaryolara sira numarasi verilmistir (SO1-Birinci senaryo).

Ikinci adimda, olas1 iyilestirme segenekleri seyahat siiresi hesaplama kurallarma gore
karsilagtinnlmistir. Baslangic ayarlariyla sinyalizasyon (a varyanti), yola katilim sinir1 (b
varyant1), yan yol kullanimi1 (c varyanti) ve yan yola akilli sinyalizasyonla katilim (d varyanti)
degerlendirilecektir. Senaryolar statik kuralda (S02a, b, c, d), hibrit (S03a, b, c, d) ve dinamik

(S04a, b, ¢, d) olarak numaralandirilmistir.

Ugiincii adim, Istanbul’daki kamyon trafigine kapali herhangi bir ¢evre yolu canlandirmasidir.
Bu adimda parametreler sirayla degistirilerek oOnce trafik yogunlugu artirilacak, sonra
iyilestirme Onerileri denenecektir. SO05 numarali dinamik kuralli {iglincii adimin baz
senaryosunda kamyon girisi, ge¢is iistlinliigii olan arag girisi ve yan yol yoktur, parkurda iki tur
atilir, katilim temposu dakikada 5 aractir, trafik yogunluguna gore giris kisitlamasi yoktur,
katilim noktasindaki trafik 15181 katilima %70 oraninda yesil 151k yakmaktadir. Bu senaryoya
sirastyla dakikada iki adet ge¢is Uistlinliigii olan ara¢ girisi eklenerek (S06), yan yol eklenerek
(S07), tur sayis1 ikiden dorde yiikseltilerek (S08), katilim temposu dakikada 10 araca
yiikseltilerek (S09), katilimda yesil 151k yanma siiresi %50’ye diisiiriilerek (S10), trafik 1siklar
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akilli sisteme cevrilerek (S11), trafik dolulugu %70 oldugunda yola giris kisitlamasi
uygulayarak (S12), giren araglarin yarisin1 kamyon segerek (S13) ve giren araglarin tamamini
kamyon secerek (S14) farkli parametrelerin trafik akisina etkisi degerlendirilecektir. Uciincii
adimin senaryolar1 Sekil 6’da gosterilmistir.

Dinamik kural

T o=

Kamyon girisi 0% 0% 0% 0% 0% 0% 0% 0% 50% 100%
Gegis Gstiinlligi yok 2 2 2 2 2 X 2 2 X
Yan yol var yok yok var var var var var var var var
Tur sayisi 2 2 2 4 4 4 4 4 4 4
Katilhim temposu 5 5 5 5 10 10 10 10 10 10
Trafik igiklan 70% 70% 70% 70% 70% 50% akilh akilli akill akilli
Kapasite limiti yok yok yok yok yok yok yok 0% 0% T0%
505 506 507 508 509 510 511 512 513 514

Sekil 6. Son adimin senaryo agaci

Dordiincii adimda, sadece kamyonlara (agir vasitalar) agik bir ¢evre yolunda yola katilimin
yavaglatilmasi, hiz limitleri, yola katilim sinirlamasi ve gecis istiinliigii olan arac etkisi
sorgulanarak gercek hayat sartlarina benzer iki alternatif 6neri senaryolagtirilmistir.

Besinci adimda, sadece kamyon girisli baz senaryo (S05a) ile yan yol kullanimi, yola katilimin
yavaglatilmasi, akilli sinyalizasyon kullanimi, katilim sinirlamasi, hiz limiti sorgulanmistir.

Altinc1 adimda, Karayollar1 Genel Miidiirliigii’ntin 2021 y1l1 fiili gegis istatistikleri kullanilarak
yol kesitinin mevcut trafik yonetimi kurallar1 ve bu c¢alismada Onerilen kurallar
karsilastirilmistir.

4. Bulgular
4.1. Birinci ve ikinci Adim Senaryolari

Bu adimlarin baz senaryosu S01°dir. SO1, S02a, S03a ve S04a senaryolar1 benzer karakterdedir.
Gergek hayattakinden farkli olarak, ¢evre yoluna katilim noktasinda trafik 15181 (sinyalizasyon)
distiniilmiistiir. Statik Kuralda trafik yogunlugu dikkate alinmamustir, araglarin emniyet payl
olarak hesaplanan varis siiresi 58 dakikadir ve “yonetilmeyen” yolda bu siire 100 dakikay1
bulmustur.

Yola trafik yogunlugunu temsilen rastgele 175 araclik bir kapasite limiti koyuldugunda trafik
akis1 iyilesmistir, farkli kapasite limitleri simiilatérle denenebilmektedir (S02b).

Kapasite limitine ilave olarak yan yol, ticretli ve arag-yol-merkez uyumlu bir sistemle
yetkilendirilmis olarak kullanima ac¢ildiginda akis iyilesmistir (S02c). Ancak ortalama seyahat
siiresi hala planlanan stireden uzundur.

Cevre yolunu rahatlatirken sehir i¢inde yigilmalara sebep olabilecek giris limiti (kapasite)
uygulamasi yerine tercihli yan yola ilave olarak c¢evre yolu katilimlarinda akilli trafik
sinyalizasyonu denendiginde en biiylik gelisme saglanmistir, ortalama seyahat siiresi
planlanandan kisadir ve yoldan gegen arag sayis1 yaklasik dort katina ulagsmistir (S02d).

Hibrit kuralda temel farklilik belirli saatlerde trafigin daha yogun olmasidir, dolayisiyla
planlanan siire 58 dakikadan 76 dakikaya yiikselmistir. Senaryolar ayni sirayla denendiginde
en iyi sonucun yine tercihli yan yol ve akilli sinyalizasyonla elde edildigi goriilmiistiir (S03a,
b, c, d).
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Dinamik kuralda planlanan siire her ara¢ i¢in o andaki trafik yogunluguna goére ayri ayri
hesaplanmaktadir, dolayisiyla hesaplanan ortalama plan siiresi her senaryoda farklidir ve her
durumda statikteki 58 dakika ve hibritteki 76 dakikanin {lizerindedir. Buna ragmen ortalama
seyahat siiresi onceki kurallara benzerlik gosterir. Bununla birlikte planlanan siirede varis orani
ve yolu kullanan arag sayis1 yiiksektir (S04a, b, ¢, d).

Toplam 13 senaryonun karsilastirmali goriiniimii Sekil 7°de verilmistir. Her durumda yola
katilim1 sinirlamak yerine yan yol kullanimina izin vererek akilli sinyalizasyon uygulamak daha
1yl netice vermistir.

Statik Kural Hibrit Kural Dinamik Kural
Birinci ve s01 S02a S02b S02c s02d S03a S03b S03c S03d S04a S04b S04c so4d
B . giris ksith | giris kisitl + yan giri kisith | giris kisith + yan giris kisith | giris kisith + yan
Ikinci Adimlar temel serbest yol var yan yol var + serbest yol var yan yol var + serbest yol var yanyol var +
alall sinyal aklh sinyal akli sinyal
Katilamayan arag sayisi, adet 1.731 1719 1.460 1.085 649 1.754 1.403 1.038 807 2.004 1.495 868 807
Parkurda kalan arag sayisi, adet 228 213 187 243 68 198 192 246 82 245 192 254 47
Cikan arag sayisi, adet 461 474 769 1.150 1.643 400 778 1.090 1518 118 765 1331 1.551
Plana uygun varis% 28% 28% 33% 34% 64% 36% 37% 52% 94% 37% 60% 61% 81%
Planlanan seyahat siiresi (dakika) 58 58 58 58 58 76 76 76 76 151 188 110 76
Ortalama seyahat siiresi (dakika) 99 100 84 74 44 104 86 71 48 111 87 59 47
Ortalama gecikme siiresi (dakika) 41 43 27 16 -14 29 11 -5 -27 -41 -101 -51 -28
Kilitlenme siiresi (dakika) 44 44 yok yok yok 43 yok yok yok 44 yok yok yok

Sekil 7. Temel — Statik — Hibrit — Dinamik senaryo kiyaslamalari
4.2. Uciincii Adim Senaryolari

Ucgiincii adimm baz senaryosu SO05°tir. Gergek hayattaki trafik yogunlugunu gostermek
amaciyla parametreleri Sekil 6’da gosterildigi gibi adim adim agirlastirilarak dinamik kural,
tercihli yan yol, yol kapasite limiti ve akill1 sinyalizasyon opsiyonlarinin etkinligi incelenmistir.
10 senaryonun karsilagtirmali goriintimii Sekil 8’de verilmistir.

S05 numarali baz senaryoda kamyon, ge¢is tistlinliigli olan arag, yan yol kullanimi1 ve yol
kapasite limiti yoktur, 2 turdur, sinyalizasyon yola katilima %70 izin vermektedir, dakikada 5
ara¢ girisi vardir. Sirayla gegcis iistlinliigii olan araglarin dakikada 2 ara¢ temposuyla katilimi
(S06), yan yolun kullanima agilmas1 (S07), tur sayisinin daha uzun mesafeleri gozeterek 4 tura
cikarilmasi (S08) ve katilim temposunun dakikada 5 aragtan 10 araca c¢ikarilmasi (S09)
saglandiginda ortalama seyahat siiresi 100 dakika olmustur ve 48 dakikada trafik kilitlenmistir.

Iyilestirmek amaciyla sirastyla katilim noktasindaki sinyalizasyonun katilim izni (yesil 151k
stiresi) %70’ten %50’ye diistirtildiigiinde (S10), sinyalizasyon trafik yogunluguna uyumlu akilli
hale getirildiginde (S11), trafik yogunlugu %70’e ulasinca katilimlar durduruldugunda (S12)
ortalama seyahat siiresi 67 dakikaya diismiis ve trafik kilitlenmemistir.

Yola kamyon girisine %50 oraninda izin verildiginde (S13), tamamen kamyonlara a¢ildiginda
(S14) ortalama seyahat siiresi 90 dakikaya kadar yiikselmis, trafik kilitlenmemistir. Gegis
istiinliigli olan veya olmayan tiim araglar 80 km/s ve kamyonlar 60 km/s hiz limitiyle
tanimlanmstir.

Cevre yolunda akis1 iyilestirmeye gayret edilirken yola katilamayan araglar nedeniyle trafik
yogunlugu sehir i¢ine kaymistir.

Senaryolar
030 o S05 S06 S07 S08 S09 S10 Ss11 S12 513 S14d S14s S14h S15s
Uglincii Adim ] o T
baz e | e +2tur +hizh -azalan katiim | +akalh *370trafik | +girisin yaris |+ irisin tamami .+ girisin tamari .+ girisin tamami | yogunluk limiti
stinlugi daha Katilim vesil isik siiresi | sinyalizasyon | yogunluk limiti | kamyon kamyon kamyon kamyon yok
Katllamayan arag sayisi, adet| 74 497 4 870 2.018 1.860 1.229 1.284 1.721 1.876 1.692 1911 1.824
Parkurda kalan arag sayisi, adet| 256 257 147 306 284 282 158 178 179 166 165 164 176
Cikan arag sayisi, adet| 783 909 1.510 503 546 627 1.352 1.345 968 719 792 737 825
Plana uygun vans%| 45% 61% 52% 65% 71% 71% 71% 74% 68% 73% 79% 32% 78%
Planlanan seyahat siiresi (dakika)[ 35 60 24 157 425 424 149 156 240 364 145 76 146
Ortalama seyahat siiresi (dakika)| 28 44 17 81 100 92 66 67 82 90 87 92 87
Ortalama gecikme siiresi (dakika)| -7 -16 -7 -76 -325 -332 -83 -89 -158 274 -59 16 -58
Kilitl siiresi (dakika)| 224 135 yok 92 48 72 yok yok yok yok yok yok yok

Sekil 8. Dinamik senaryo kiyaslamalart
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4.3. Dordiincii Adim Senaryolari

Dordiincii adimin baz senaryosu S14d’dir. Bu adim kamyon trafigine a¢ik bir ¢evre yolunu
canlandirmaktadir. Planlanan stiredeki farkliliklar1 degerlendirmek {izere S14 senaryosu
dinamik (S14d), statik (S14s) ve hibrit (S14h) kurall1 olarak denenmistir.

Pratik hayata uygunluk agisindan dinamik yerine benzer performanstaki statik kural tercih
edilerek sehir ici trafigi zorlamamak i¢in yol kapasite limiti kaldirilmistir (S15s).

Kamyonlarm hiz limiti 60 km/s yerine 80 km/s ¢ikarildiginda belirgin bir fark goériilmemistir
(S16s).

Kamyon hiz limiti 60 km/s tanimlanarak yan yol kullanimindan vazgecildiginde (S17s) hedefe
ulagan arag sayisi artarken ortalama seyahat siiresinde sadece 3 dakika uzama olmustur.

Gegis Ustiinliigli olan araglar ¢cevre yoluna alinmadiginda (S18s) ortalama seyahat siiresi uzamis
goriinmektedir. Sekil 9°da alternatif kurgularin karsilastirmasi gosterilmistir.

Senaryolar
. Si4d S14s S14h S15s S16s S17s S18s S19s S20s
Alternatif Kurgular | ... aneri aneri
+ girigin tamami | + girisin tamami| yogunluk limiti | kamyon hizi gegis Ustunligu
tamami Iy K K 80km/ yan yol yok K akill %70 katihm
kamyon amyon amyon ve m/s e sinyalizasyon serbestisi
Katilamayan arag sayisi, adet| 1.876 1.692 1911 1.824 1.885 1.865 1.819 948 416
Parkurda kalan arag sayisi, adet| 166 165 164 176 169 42 109 15 135
Cikan arag sayisi, adet| 719 792 737 825 791 925 406 930 376
Plana uygunvaris%| 73% 79% 32% 78% 60% 79% 77% 100% 24%
Planlanan seyahat siiresi (dakika)| 364 145 76 146 114 145 154 77 77
Ortalama seyahat siiresi (dakika) 90 87 92 87 84 87 102 40 120
Ortalama gecikme siiresi (dakika)| -274 -59 16 -58 -29 -59 -52 -37 43
Kilitlenme siiresi (dakika)| yok yok yok yok yok yok yok yok 43

Sekil 9. Alternatif kurgu kiyaslamalart

Dolayisiyla ¢evre yolu trafik akisini diizenlemek iizere denenen senaryolar arasindan gergek
hayat1 temsil edebilecek asagidaki gibi bir 6neri (S19s) hazirlanmistir:

e Giren araclarin tamami kamyondur, seyir hiz1 60 km/s se¢ilmistir,

e Hibrit (sabah saatlerinde yogun ve sonrasinda seyrelen trafik) akighdir,

e Gegcis Ustlinliigli olan araglara izin verilmemistir (ortalama siire hesabin1 bozmamak
icindir),

e Yan yol kullanimina izin verilmemistir,

e Yola katilimda akilli sinyalizasyon kullanilmistir (TIR parklarinda bekletilerek, partiler
halinde trafige ¢ikisa izin verilen),

¢ Yola katilimda kapasite limiti yoktur (katilimlar sinyalizasyonla diizenlenir),

e 2 turlu (pilot uygulamay1 temsilen) statik (x3 emniyet faktorii ve x2 bekleme payiyla)
yapidir.

Bu senaryo i¢in kiyaslama senaryosunda yola katilimda %70 serbestlik (fiilen yola katilim
tamamen serbesttir ancak yoldaki en yogun trafik her zaman katilim ve ¢ikis noktalarinda
goriilmektedir) kullanilacaktir (S20s).

S19s oneri senaryosu, kiyaslama i¢in yapilan S20s senaryosundan daha basarili gériinmektedir.
4.4. Besinci Adim Senaryolari

Besinci adimin baz senaryosu S05 senaryosunun tamami kamyon girigli versiyonu olan
S05a’dir. Sirali senaryolarda parametre degisiklikleri tamami kamyon girisli, gegis Ustlinligii
olan araglara izin verilmeyen baz senaryo (S05a), sadece yan yola izin verildiginde (S05b),
sadece katilim yavaglatildiginda (S05c), sadece akilli sinyalizasyon kullanildiginda (S05d),
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sadece trafik yogunlugu %70’e ulastiginda katilimlar engellendiginde (S05e), sadece
kamyonlara izin verilen hiz limiti yiikseltildiginde (S05f) denenecek ve Onerilen ydntemin
karsilagtirilabilir olmas1 agisindan hibrit olmayan versiyonuyla (S19s-) karsilastirilacaktir.
Karsilastirma sonucu Sekil 10°da verilmistir. Onerilen S19s- senaryosu, baz senaryoya (S05a)
gore daha basarilidir.

Senaryolar
Sadece Ka myonlu, S05a S05b S05c S05d S05e S05f $19s-
gecis Uistiinliigii olmayan senaryolar baz van yol var azallan katulllm. ) al-<|II| ‘:A;?O trafik. ) kamyon hizi hibrit olmayan
yesil isik stiresi | sinyalizasyon | yogunluk limiti 80km/s

Katilamayan arag sayisi, adet| 894 820 17 102 607 668 102
Parkurda kalan arag sayisi, adet| 141 190 57 48 128 129 48
Cikan arag sayisi, adet| 194 623 1.087 994 502 440 994

Plana uygun varis%| 38% 37% 100% 100% 50% 39% 100%
Planlanan seyahat siiresi (dakika) 77 77 77 77 77 58 77
Ortalama seyahat siiresi (dakika)| 100 73 13 20 77 78 20
Ortalama gecikme siiresi (dakika) 23 -4 -64 -57 0 20 -57
Kilitlenme siiresi (dakika) 45 44 yok yok yok yok yok

Sekil 10. Alternatif kurgu kiyaslamalari
4.5. Altinc1 Adim Senaryosu

Altinc1 adimin baz senaryosu 2021 yil1 fiili gecis kaydidir. Karayollar1 Genel Miidiirliigii niin
2021 yili kayitlarina gére devlet yollar1 1. bdlgede yer alan Istanbul ili, 020-06 KKNO, 1
numarali dilim ile tanimlanan 24 km uzunluktaki kesitte izlenen giinliik ortalama gecisler 8.334
adet araba (100 km/s ortalama hiz ve 5,8 adet/dakika yogunluk) ve 2.771 adet kamyon/otobiis
(80 km/s ortalama hiz ve 1,9 adet/dakika yogunluk) seklindedir (KGM-YOGT, 2022).

S6z konusu kesitte yan yol yoktur, acil ara¢ ¢ikist ihmal edilecek seviyededir, is trafiginden
etkilenen bir bolge degildir ve yola katilimlar sabit trafik 1s1kl1 kavsaklardir. Bu sartlarda gercek
durum ve akilli sinyalizasyon olmak iizere iki kurgu karsilastirilmig, sonuglar1 Sekil 11°de
verilmistir.

Sadece akilli sinyalizasyon uygulamasiyla kesitten 4 saat i¢inde gecen arag sayisinin 459 dan
%220 artarak 1469 araca ylikselecegi, seyahat siiresinin 62 dakika kisalacagi ongoriilmiistiir.
Baglant1 yollarinda biriken ara¢ sayisinin 1264 adetten %75 azalarak 324 adede diisecegi,
dolayisiyla sehir igine yansiyan trafik sikisikliginin azalacagi tahmin edilmistir.

istanbul 020-006 F_f:_“ rg "('ja r
e . iili neri
Dilim1 24km kesit N o Gelisme
(20 z 1 ) sinyalizasyon
Katilamayan arag sayisi, adet| 1.264 324 74% azalmigtir
Parkurda kalan arag sayisi, adet| 165 50 70% azalmistir
Cikan arag sayisi, adet| 459 1.469 220% artmigtir
Plana uygun varis%| 26% 87% 235% artmigtir
Planlanan seyahat siiresi (dakika) 49 49 0% aynidir
Ortalama seyahat siiresi (dakika) 92 30 67% azalmistir
Ortalama gecikme siiresi (dakika) 43 -19 100% azalmistir
Kilitlenme siiresi (dakika) 55 yok 100% azalmistir

Sekil 11. Istanbul 026-06 KKNO ve 1.dilim i¢in kurgu kiyaslamalar:
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5. Tartisma

Gelismekte olan iilkelerde finansal kaynaklar kittir ve biit¢cenin topluma en yliksek faydayi
saglayacak sekilde degerlendirilmesi gerekmektedir. Bu iilkelerde ayn1 zamanda 6nemli 6l¢iide
kirsaldan kente niifus hareketi vardir, egitim — saglik — tratik — asayis gibi her konuda sorunlar
cikabilmektedir. Biiylik dl¢ekli altyap: yatirnmi gerektirmeden, mevcut altyapiyla trafik akist
tyilestirilebilir.

Pulur’un ¢aligsmasinda koprii giselerindeki gecis sisteminin kartli yerine otomatik gecis sistemi
olacak sekilde diizenlenmesiyle seyahat siiresinde %47 azalma ve yolu kullanan tasit sayisinda
%10 artis Ongorilmiistiir (Pulur, 2010). Calismamizda, KGM verisiyle yapilan denemede
seyahat siiresinde %67, tasit sayisinda %220 artis tahmin edilmistir.

Soénmez’in ¢calismasinda seyahat siiresi ve ortalama hiz tahmini yapilmistir ancak herhangi bir
karsilastirma yoktur (Sénmez, 2017). Calismamizdaki karsilastirma mevcut durum ve 6neri i¢in
simiilator sonuglarinin karsilastirmasidir, saha ¢alismasi degildir.

Uludamar ve Tiiccar’in ¢alismasinda doner kavsakta iyilestirme yapilarak seyahat siiresinde
%14.7 azalma 6ngoriilmiistiir (Uludamar ve Tiiccar, 2018). Calismamizda seyahat siiresindeki
azalma tahmini %67’ dir.

Gelismis diinya metropollerinde sensdrler ve komuta merkezi modeliyle trafik yogunlugu
izlenmektedir (Pulur, 2010). Bu durumda kopriilii kavsak veya daha genis yollar gibi yiliksek
yatirim gerektiren segenekler yerine mevcut trafik izleme yapisina eklemlenen akilli
sinyalizasyon daha etkin olacaktir (Uludamar ve Tiiccar, 2018). Bulgularimiz bu ¢aligmalarla
paraleldir ve akilli sinyalizasyon i¢in farkli bir algoritma 6nerisi sunulmustur.

Ayrica alisilmis uygulamalardan farkli olarak emniyet seridini yasaklamak yerine iicretli-
tercihli gegise tahsis etmek, yan yol kullanimini akilli sisteme dahil olan araglar i¢in ticrete tabi
hale getirmek, otoyol lizerinde sikisiklik yaratan katilim noktalarinda sinyalizasyon uygulamak
gibi pratikte denenmemis ve literatiirde karsilagilmamis yontemleri degerlendirmekte yarar
vardir (Goldratt-Research-Labs, 2023).

Bu c¢aligmanin limitasyonu 0zglin bir model yerine simiilasyon deneyimi olmayan
arastirmacilarin  6grenme siirecini hizlandirmak amaciyla hazir bir paket yazilim tercih
edilmesidir. Boylece tekrar edilebilirlik ve kiyaslanabilirlik kolaylastirilmistir.

Uygulama trafik konulu olmakla birlikte iiretim ortamina uyarlanabilir. Parkuru iiretim ortami;
giris yapan otomobilleri rutin siparigler, kamyonlar1 genis kapsamli projeler, ge¢is listiinligi
olan araclari acil siparisler; arag giris temposunu satis hizi; parkurdan gecis siiresini akis siiresi,
c¢ikan arag¢ sayisini iiretim adedi olarak diistinmek miimkiindiir. Bu durumda yan yol opsiyonu
iiretimde kapasite artis1 saglayan fazla mesai, tageron, siire¢ iyilestirmesi gibi konulara; akilh
sinyalizasyon planlamadaki ¢izelgelemeye ve yola katilim sinirlamasi igletme i¢indeki stoklari
sinirlandirmaya benzetilebilecektir. Dolayisiyla kiigiik 6lgekli bir iiretim kesiti i¢in olasi
iyilestirmeler trafik simiilatoriiyle denenebilecektir.

6. Sonug¢ ve Oneriler

Gergek hayata benzerligi nedeniyle S19s senaryosu baz alinmigtir. Bu senaryoda sadece yiik-
yolcu tagiyan biiyiik araglar vardir, 60km/s hiz limiti uygulanir, mesai baglama-bitis saatlerinde
artan trafik yogunlugu goriiliir, gecis ustiinliigli olan araglara izin verilmez, yan yol
kullandirilmaz, yola katilimda akilli sinyalizasyon uygulanir ve yola katilim smirlamasi
yapilmaz. Bu senaryodan her defasinda bir 6nlem degistirilerek trafik akigina etkisi ortalama
seyahat stiresi lizerinden Sekil 12°de gosterilmistir.
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Senaryo Bazinda Ortalama Seyahat Siiresi
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Sekil 12. Senaryo bazinda ortalama seyahat siireleri

Dolayisiyla arastirma sorusu olan “Istanbul’da denenmeyen trafik akisi diizenleme
alternatiflerinin ¢evre yolunda trafik akisina etkisi” olumlu degerlendirilmistir. Bu baglamda;

e Transit trafigi sehir disinda tutacak cevre yolu uygulamasinin trafik yogunluguna
duyarli akillt sinyalizasyonla desteklenmesi onerilmektedir. Bunu saglamak iizere kent
girisindeki lojistik merkezlerin konumu ve araglarin bekleyebilecegi park alanlari
olusturulmalidir.

e Yan yollar arag-yol-merkezi yonetim birimi entegrasyonuyla farkli yol kesitleri ve arag¢
tipleri (HGS sinif1 gibi) i¢in sisteme abone olma haline gore {icretlendirerek tercihli yol
haline getirme ve otoyol katilimlarinda akilli sinyalizasyon alternatifleri iizerinde
diistiniilmelidir.

Gelecek arastirmalarda arag-yol-merkez ve navigasyon-0deme destekli Akilli Sistem
Entegrasyonu ile yonlendirme yerine iicretlendirme olanagi saglayan sistemler 6zgiin
simiilasyon modelleriyle degerlendirilebilir.

Etik Kurul Onay Beyam
Ilgili galismada insan veya hayvan katilimcilardan veri toplanmadig1 icin etik kurul izni
gerekmemektedir.
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Abstract

Studies have shown a number of differences between male and female drivers, such as male drivers committing more offenses
and female drivers making more errors. Related to this persistent sex difference, relatively little research has been conducted
to examine the presence of gender stereotypes and determinants in the context of driving. This study examined the perceptions
of female and male drivers among adolescents in Tirkiye and how sex differences and relationships with parents contributed
to the endorsement of sex stereotypes. The study was conducted with 128 high school adolescents aged 15-20 years (M = 16.25,
SD = 1.32) who completed a questionnaire package consisting of the Sex Stereotypes Associated with Driving (SSAD) and a
demographic information form. In terms of sex stereotype endorsement indices, female adolescents reported female drivers as
more polite and risk-averse, whereas male adolescents reported male drivers as more skilled. While a positive relationship with
fathers reduced the endorsement of courtesy and risk-avoidance stereotypes, a better relationship with mothers resulted in a
lower endorsement of the driving skills stereotype. The results provide evidence for the existence of sex stereotypes among
adolescents and for the importance of family relationships in relation to sex stereotype endorsement. The findings can be used
to design training and education that focuses on stereotypes at an early age.

Keywords: sex stereotypes, driver stereotypes, adolescence, sex difference, parent-child relationship

Trafikte Ergenlerin Cinsiyet Kalip Yargilari: Cinsiyet ve Aile Iliskilerinin Rolii
Ozet

Aragtirmalar, erkek ve kadin stirliciiler arasinda, erkek siiriiciilerin daha fazla trafik cezasi almasi ve kadin siiriiclilerin daha
fazla hata yapmasi gibi bir dizi farklilik oldugunu gostermektedir. Gézlemlenen bu cinsiyet farkliligina bagh olarak, siiriis
baglaminda toplumsal cinsiyet kalip yargilarinin ve belirleyicilerinin varligini inceleyen nispeten az sayida arastirma
yapilmigtir. Bu ¢alisma, Tiirkiye'deki ergenlerin kadin ve erkek siiriicii algilarin1 ve cinsiyet farkliliklarinin ve ebeveynlerle
iliskilerin cinsiyet kalip yargilarmin onaylanmasina nasil katkida bulundugunu incelemistir. Calisma, Siiriiciiliikle Iligkili
Cinsiyet Kalip Yargilari (SSAD) ve demografik bilgi formundan olusan bir anket paketini dolduran 15-20 yas aras1 128 lise
cagmdaki ergen (M = 16.25, SD = 1.32) ile yiiriitiilmiistiir. Cinsiyet stereotipi onay endeksleri agisindan, kiz ergenler kadin
stiriiciileri daha kibar ve riskten kagian olarak bildirirken, erkek ergenler erkek siiriiciileri daha becerikli olarak bildirmistir.
Babalarla olumlu bir iliski nezaket ve riskten kaginma kalip yargilarinin onaylanmasini azaltirken, annelerle daha iyi bir iliski
stirlis becerileri kalip yargisinin daha az onaylanmasiyla sonuglanmistir. Sonuglar, ergenler arasinda cinsiyet kalip yargilarinin
varligina ve aile iligkilerinin cinsiyet kalip yargilarinin onaylanmasi agisindan 6nemine dair kanitlar sunmaktadir. Bulgular,
erken yasta kalip yargilara odaklanan egitim ve miidahale calismalarimin tasarlanmasinda kullanilabilir.

Anahtar Kelimeler: cinsiyet kalip yargilari, siiriicti kalip yargilari, ergenlik, cinsiyet farkliligi, ebeveyn-gocuk iligkisi
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Sex Stereotypes of Adolescents in Traffic: The Role of Sex and Family Relationships
1.1. Sex Differences and Stereotypes in Road Safety Studies

Differences between male and female drivers have been studied in various aspects of driving.
For example, in terms of crashes, national statistics in 2021 showed that 77.2% of those killed
in road traffic crashes in Turkiye were males and 22.8% were females, while 70.5% of those
injured were males and 29.5% were females (Tiirkiye Istatistik Kurumu (TUIK), 2022).
Another study in Australia using 13-year cohort data found significant sex differences in injury
and crash statistics: while females were more likely than males to be involved in crashes
requiring hospital treatment, males were more likely than females to be involved in all other
types of crashes (Cullen et al., 2021). Laapotti and Keskinen (2004) examined the
characteristics of road crashes in Finland in 1984 and 2000 and found that the differences
between the characteristics of female and male drivers remained similar over the years. Male
drivers, especially young male drivers, had more traffic violations and were involved in more
crashes due to speeding and alcohol consumption in comparison to female drivers.

Crash involvement has been linked to many direct and indirect factors (Lajunen & Ozkan,
2021). A driver’s ability to drive has been investigated under two distinct components (Elander,
West, & French, 1993); driver behaviors (style) and driver skills (performance); which are
directly related to crash involvement (Lajunen & Ozkan, 2021). Similar to the sex differences
in crash involvement, significant differences were also observed in these two aspects of driving.
For example, studies have reported that male drivers, especially young male drivers, showed
aggressive and ordinary violations more (e.g., de Winter & Dodou, 2010; Oztiirk & Oz, 2021;
Reason, Manstead, Stradling, Baxter, & Campbell, 1990; Rowe, Roman, McKenna, Barker, &
Poulter, 2014) while female drivers showed errors more (de Winter & Dodou, 2010; Guého,
Granié, & Abric 2014). Gonzalez-lIglesias, Gomez-Fraguela, & Luengo-Martin (2012) found
that male drivers experienced more anger in case of a police presence, while female drivers
became angrier in the presence of traffic obstructions. In another study conducted in Turkiye,
Oztiirk and Ozkan (2018) found that young male drivers showed more positive driver behaviors
and drove faster in the driving simulator compared to young female drivers. In addition, while
most studies show limited sex differences in driving anger (Aktas & Akgiir, 2023; Gonzalez-
Iglesias et al., 2012), male drivers become angry due to police presence (Gonzalez-Iglesias et
al., 2012), use more aggressive forms of anger expression (Oztiirk, Ozkan, & Oz, 2021), and
are more likely to become perpetrators of road rage (Aktas & Akgiir, 2023) compared to female
drivers.

In addition to driver behaviors, several studies have reported sex differences between two
dimensions of driver skills, namely perceptual-motor skills and safety skills (Lajunen &
Summala, 1995; Martinussen, Mgller, & Prato, 2014; Ozkan & Lajunen, 2006). For example,
while male drivers reported more perceptual-motor skills, female drivers showed more safety
skills (Martinussen et al., 2014; Ozkan & Lajunen, 2006).

Overall, significant differences were observed between male and female drivers in different
components of driving. In general, Gonzalez-lglesias et al. (2012) summarised the difference
between the two sexes as male drivers experiencing more accidents, fines, and traffic violations
than female drivers. Concerning this general interpretation, it is not well known whether road
users also perceive male and female drivers in a similar way and have certain stereotypes about
one group over the other. Therefore, in a recent attempt to further understand sex stereotypes
associated with driving, Pravossoudovitch, Martha, Cury, and Granié (2015) developed Sex
Stereotypes Associated with Driving (SSAD), which examined the relationships of these
stereotypes with age and gender. The SSAD endorsement focuses on sex stereotypes in four
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dimensions; driver skills, compliance with traffic rules, courtesy behind the wheel, and risk
avoidance (Pravossoudovitch et al., 2015). As a result of this work, sex differences were found
for some dimensions of the SSAD evaluation of female and male drivers. For example,
Pravossoudovitch et al. (2015) found that their male respondents rated female drivers’ driving
skills lower than female respondents, whereas female respondents rated female drivers’ risk
avoidance higher than male respondents did.

This recent examination of the sex stereotypes in driving may warrant a follow-up question
about how and when these patterns start or take their final shape. Adolescence, the
developmental phase where most adulthood characteristics take shape (National Academies of
Sciences, Engineering, and Medicine, 2019), is possibly one of these time periods. With these
questions and thoughts in mind, Granié and Papafava (2011) examined the SSAD for adolescent
respondents and found that sex stereotypes for female and male drivers existed among
adolescents between the ages of 10 and 16. For example, adolescents perceived female drivers
to have relatively lower vehicle control abilities and higher accident rates, while they perceived
male drivers as more skilled but also more careless and delinquent. The general understanding
of these stereotypes can be summarized as female drivers being more compliant and males
being more risk-taking.

In this context, the present study aimed to further investigate these sex stereotypes for female
and male drivers with a sample of adolescents. Moreover, since family is the place where a
child’s growth and socialization begin (Acar, Pérez-Gonzalez, Kutaka, & Yildiz., 2019),
parents may be important agents in the development of sex stereotypes in adolescents.
Therefore, this study has additionally considered parent-adolescent relationships with respect
to sex stereotypes.

1.2. Adolescent Gender Perceptions and the Role of Parents
1.2.1. Adolescents and sex stereotypes.

Parents may influence a child’s perceptions and actions in a few ways (Portengen, van Baar, &
Endendijk, 2023): Firstly, directly by giving advice or setting limits to the child when the child
engages in participatory learning (Odden & Rochat, 2004), and secondly, indirectly through the
child’s observation of the family members’ perceptions and actions (referred to as observational
learning; Bandura, 2008). These influences extend beyond childhood and continue, albeit to a
lesser extent, into adolescence (Cakir & Aydin, 2005; Musaagaoglu & Giire, 2005; Odden &
Rochat, 2004).

One of these areas of influence is the adolescent’s understanding of gender (Endendijk,
Groeneveld, & Mesman, 2018). With the onset of adolescence, children begin to have more
intensified gender roles (Isik-Bas, Sahin-Acar, & Ozen-Ciplak, 2018). According to Berk
(2010; as cited in Isik-Bas et al., 2018), this intensification, along with other factors, could be
due to the physiological changes that the adolescent undergoes and the way the adolescent and
the society respond to these changes by trying to fit the adolescent to their sex appearance, with
this pressure being stronger in traditional families.

Similarly, parents’ perceptions of adolescence and gender may shape their behaviors and
reactions toward their adolescents, and in turn those adolescents’ behaviors (Jacobs, Chhin, &
Shaver, 2005; Sanson, Letcher, & Havighurst, 2018), but recent findings are mixed. For
example, fathers are more likely to promote sadness and fear in girls and anger in boys (Sanson
et al., 2018). Additionally, parents’ conversations with their daughters are found to be more
emotion-focused than conversations with their sons (Aznar & Tenenbaum, 2015), but a more
recent meta-analysis has suggested that this differentiation is not strong for mother-child
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interactions (Aznar & Tenenbaum, 2020). Similarly, in a meta-analysis, Endendijk,
Groeneveld, Bakermans-Kranenburg, and Mesman (2016) found negligible differences
regarding mothers’ and fathers’ differential treatment to their daughters and sons. Nevertheless,
Endendijk and colleagues (2017) also found that fathers’ (but not mothers’) differential
treatment and children’s aggression levels were related when those fathers had strong
stereotypical or egalitarian gender understanding.

One factor that may strengthen or weaken parental influence and the strength of socialization
is the relationship between parents and adolescents. Parental influence on adolescents’ thoughts
and behavior may be relatively limited in comparison to peer influences (Agostinelli, Doepke,
Sorrenti, & Zilibotti, 2020). However, there are studies that have demonstrated that parental
influence on adolescents is still strong in factors such as achievement strategies, future beliefs,
and even mental health (Aunola, Stattin, & Nurmi, 2000; Chen & Harris, 2019; Malmberg,
Ehrman, & Lithén, 2005; Nurmi & Pulliainen, 1991).

1.2.2. Adolescents in traffic.

Transport is one of the areas in which parents can influence the socialization of children and
young adults (Uziimciioglu, 2021; Oz, 2018). For example, studies (Bianchi & Summala, 2004;
Taubman - Ben-Atri et al., 2005) found similarities between the driving styles of parents and
their children. Here, adolescents’ observation of their parents in traffic may also help to shape
their understanding of the traffic rules and their place within them when they take on their
parents’ roles and become active participants in traffic in different roles. This possibility can be
inferred from other studies which have demonstrated the influence of observing parents
performing a task on the adolescents’ performance on the same task. For example, Thomsen,
Kappes, Schwerdt, Sander, and Poller (2017) had 7-12-year-old children observe their parents
during a game and play the same game afterward. They found that parents’ in-game decisions
significantly impacted their children’s in-game decisions. The same pattern is possible to be
observed with in-traffic behaviors.

In this sense, it is possible to argue that the parent-adolescent relationship may also be an
important factor in understanding adolescent perceptions, such as sex stereotypes they may
have about driving. A strong parent-child relationship might set the ground for a better
communication of parent perceptions to the child and strengthen the intergenerational
transmission of sex stereotypes. On the other hand, a parent-child or parent-adolescent
relationship that is perceived to have low quality may lead to a rejection of that parent’s
messages and a dismissal of their behaviors. Although children and young adults are involved
in the traffic system at an early age (Oz, 2018; Uziimciioglu, 2021), and sex stereotypes in
general have been found to be observed at early ages (Kagesten et al., 2016), there is limited
research on sex stereotypes in the traffic environment with samples other than active drivers
(e.g., Granié & Papafava, 2011). In particular, studies with children and young adults have
focused on their driver behaviors (e.g., Elliott & Baughan, 2004; Taubman - Ben-Ari,
Mikulincer, & Gillath, 2005; Scott-Parker, 2017) and travel modes and behaviors (e.g., Frater,
Kuijer, & Kingham, 2017; Haustein, Klockner, & Blébaum, 2009; Mandic et al., 2016; Pojani,
Van Acker, & Pojani, 2018). Consequently, knowledge on adolescents’ traffic perceptions and
how these perceptions might be shaped by their relationships is relatively limited. Therefore,
another aim of the present study was to explore the role of the parent-child relationship in
adolescents’ perceptions of drivers.

1.3. The Aims of the Present Study

In light of the literature, this study was designed with two aims: to understand Turkish
adolescents’ perceptions of female and male drivers, and to explore whether sex differences
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and adolescent-parent relationships were related to these perceptions. Additionally, it was
thought that examining sex stereotypes associated with driving in Tirkiye would provide a
crucial contribution to the literature. Sex stereotypes in driving have been originally
investigated in France. Tlrkiye and France are similar in terms of most cultural characteristics
except for individualism and long-term orientation, with France being higher on both domains
(Hofstede Insights, n.d.). Considering the Turkish literature that has demonstrated strong
relationships between gender roles and different driving outcomes (Deniz, Lajunen, Ozkan, &
Gaygisiz, 2021; Oztirk et al., 2021), presence of gender stereotypes in a number of contexts
(e.g., Akdemir & Golge, 2022; Basfirinci & Cilingir Uk, 2017; Sakalli Ugurlu, Tiirkoglu,
Kuzlak, & Gupta, 2021; Tarhan, 2022), and differences between male and female drivers in
many driving outcomes (Aktas & Akgiir, 2023; Nordfjern & Simsekoglu, 2014; Ozkan &
Lajunen, 2005; Oztirk & Oz, 2021), this study was thought to be relevant to the Turkish
context.

To this end, the present study focuses on sex stereotypes among adolescents with the following
research questions:

1) Do the perceptions of female and male drivers change as a function of adolescents’ sex?

2) Is there a relationship between the quality of the relationship with parents and the
perception of female and male drivers among adolescents?

2. Method
2.1. Participants

The study was conducted with a total of 128 high school students from a school in an urban
neighborhood in Ankara, Turkiye. The students were aged between 15 and 20 years with a mean
of 16.25 years (SD = 1.32). Thirty-two of the participants were male and 96 were female. Fifty-
five point five per cent of the participants reported a total family income of 1500-3000 TL,
21.1% 1500 TL and below, 17.2% between 3000 and 5000 TL and the rest (6.2%) 5000 TL and
above (Approximate minimum wage was 2400 TL at the time of data collection). The socio-
economic status of the families is considered to be low-middle income considering the socio-
economic structure of the region and the use of transport modes to the school.

2.2. Measurements
2.2.1. Sex stereotypes associated with driving (SSAD).

To measure the endorsement of sex stereotypes related to driving, Pravossoudovitch et al.
(2015) developed a 27-item measure with four dimensions, namely compliance with traffic
rules, driving skills, risk avoidance and courtesy. In the present study, a short version of the
SSAD with 15 items was used (Pravossoudovitch, 2016). The short version consists of three
items for compliance with traffic rules and four items for each of the other three factors.
Responses are rated on a 7-point Likert scale ranging from 1 (not agree at all) to 7 (strongly
agree). Participants were asked to evaluate female and male drivers for different components
and to complete the survey for female and male drivers separately. The Turkish version was
translated by Oztiirk and Oz (under review). Each participants’ ratings of male and female
drivers were calculated separately for the four scores. Higher scores indicate a more positive
evaluation of female/male drivers on that dimension. Then, stereotype endorsements for each
dimension were calculated as an index (the index of compliance with traffic rules, driving skills,
risk avoidance, and courtesy).
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e Female Drivers’ Compliance with Traffic Rules Index was calculated by subtracting the
evaluation of female drivers’ compliance score from male drivers’ compliance score.

® Male Drivers’ Driving Skills Index was calculated by subtracting participants’
evaluation of male drivers’ driving skills from female drivers’ driving skills.

e Female Drivers’ Courtesy Index was calculated by subtracting the evaluation of female
drivers’ courtesy score from male drivers’ courtesy behind the wheel score.

e Female Drivers’ Risk Avoidance Index was calculated by subtracting the evaluation of
female drivers’ risk avoidance score from male drivers’ risk avoidance score.

Higher index scores indicated the participant’s endorsement of sex stereotypes (i.e., males as
more skillful and females as more courteous, compliant, and risk avoider), whereas negative
scores meant the opposite relations (named as counter stereotypes — i.e., females as skillful,
males as courteous, compliant, and risk avoider). The Cronbach’s alpha reliabilities of female
drivers were .85 for compliance with traffic rules, .91 for driving skills, .90 for courtesy and
.92 for risk avoidance. The Cronbach’s alpha reliabilities of male drivers were .69 for
compliance with traffic rules, .85 for driving skills, .78 for courtesy, and .86 for risk avoidance,
indicating that the measures had acceptable reliability values.

2.2.2. Adolescents’ perception of the relationship quality with their parents.

We measured the relationship quality between the participants and their parents using a single-
item self-report question (How would you rate your relationship with your parents?) for their
mothers and fathers separately. Developed for this study, these two questions were rated on a
scale of 0 to 10, with higher scores indicating better relationships. Single-item measures are
often used in adolescence research with good correlations to longer self-report measures (e.g.,
quality (Hair et al., 2005). Given the exploratory nature of the study and the relatively low
motivation of children and adolescents to participate in longer surveys, a single-item measure
was thought to be a convenient method.

2.2.3. Demographic information form.

In the demographic information form, the participants were asked to indicate their sex and year
of birth.

2.3. Procedure and Data Analysis

The present study was approved by the Human Subjects Ethics Committee of the Middle East
Technical University with protocol number 050-ODTU-2020. Convenience and snowball
sampling were used to reach the participants. To participate, students had to fill out an online
survey prepared using Qualtrics. The survey link was distributed to the students via their
teachers. Before starting the questionnaire, participants (and one of their parents if the
participant was under 18) had to fill out one informed consent and one parental informed
consent form (for those under 18). After giving consent, the participants completed the
demographic information form. Following the demographic information form, participants
filled out the SSAD for female drivers and the SSAD for male drivers in a counterbalanced
order. After completing the questionnaire, participants were presented with a debriefing form.

Data were analyzed with SPSS v26 and JASP 0.14.1.0. After the tabulation of descriptive
statistics and correlations, independent samples t-test analyses were conducted to examine sex
differences in terms of eight scores and four indexes (four scores evaluating female drivers,
four scores evaluating male drivers, and four indexes indicating stereotype endorsement). In
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addition, following the suggestions of Field (2013), the skewness or kurtosis values for the
variables were appropriate for the analysis. Since the number of female (N = 96) and male (N
= 32) participants were disproportionately distributed in the sample, a subsample of the female
participants was randomly selected to enable female-male comparison (N = 32). In the last step,
four hierarchical regression analyses were conducted to examine the role of relationship quality
with parents in four indexes separately. Age and gender were entered as control variables in the
first step. Adolescent-mother and adolescent-father relationships were entered in the second
step.

3. Results
3.1. Descriptives and Correlations

The means and standard deviations of the eight scores and four indexes (i.e., female compliance
with speeding rules, female driving skills, female courtesy, female risk avoidance, male
compliance with traffic rules, male driving skills, male courtesy, male risk avoidance, index of
compliance with traffic rules, index of driving skills, index of courtesy, index of risk
avoidance) and their bivariate correlation coefficients are presented in Table 1. According to
the results, participant age was positively correlated with the index of driving skills and
negatively correlated with female driving skills. The relation quality with fathers was
positively correlated with male drivers’ courtesy and risk avoidance, and with the index of
compliance with traffic rules, and negatively correlated with the index of driving skills and
the index of risk avoidance. While stereotype scores of female drivers and male drivers were
positively correlated with the corresponding group, only the indexes that were related to
female drivers (i.e., female compliance with traffic rules, driving skills, risk avoidance, and
courtesy) were positively correlated with male driving skills.

3.3. Sex Differences among SSAD

According to the independent samples t-test results (see Table 2), there were significant sex
differences in female driving skills, male compliance with traffic rules, male driving skills, male
courtesy, index of driving skills, index of courtesy and index of risk avoidance.

In detail, female adolescents had a more positive image of female drivers in driving skills than
male drivers. In terms of the evaluation of male drivers, male adolescents had a more positive
image of male drivers on compliance with traffic rules, driver skills, courtesy and risk
avoidance. In comparing stereotype endorsement scores (indexes) between females and males,
male adolescents had a higher tendency to see male drivers as skilled drivers, and female
adolescents had a higher tendency to rate female drivers as courteous and risk-avoiders.

3.4. The Association between Family Relationships and Sex Endorsement

In the final step, four hierarchical regression analyses were conducted to examine the role of
relationship quality with parents in four indexes separately. In the first step, age and gender
were entered as control variables. In the second step, relationships with fathers and mothers
were entered (see Table 3).

The models were significant for the index of driver skills (F(4, 120) = 11.82, p < .001), the
index of courtesy (F(4, 120) = 4.63, p = .002), and the index of risk avoidance (F(4, 120) =
4.97, p <.001) and not significant for the index of compliance with traffic rules (F(4, 120) =
1.91, p = .113). Relationship with mothers positively related to the index of driver skills (95%
CI[-1.19, -.07]). Additionally, relationships with fathers were negatively related to the indexes
of courtesy (95% CI [-1.16, -.07]) and risk avoidance (95% CI [-1.24, -.08]).
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Table 2. Sex differences in terms of the SSAD dimensions

Female Male

M SD M SD f t P
F CTR 15.59 4.88 15.30 4,28 62 -.26 .799
F DS 18.37 6.46 13.87 6.40 62 -2.80 .007
F Co 21.49 7.00 18.70 6.71 62 -1.63 .109
F RA 21.56 6.88 19.61 7.13 62 -1.11 271
M_CTR 9.39 3.49 11.72 4.08 62 2.46 .017
M_DS 18.27 6.09 22.20 5.13 62 2.79 .007
M_Co 13.47 4.42 15.94 5.26 62 2.03 .046
M_RA 13.22 4.60 17.07 551 62 3.04 .003
| CTR 6.21 5.93 3.58 5.96 62 -1.77 .082
| DS -.10 7.01 8.34 8.05 62 4.47 .000
I_RA 8.34 8.05 2.54 9.56 62 -2.63 011
I Co 8.02 8.05 2.76 8.39 62 -2.56 .013

Note. F_CTR: Female compliance with speeding rules, F_DS: Female driving skills, F_Co:
Female courtesy, F_RA: Female risk avoidance, M_CTR: Male compliance with traffic rules,
M_DS: Male driving skills, M_RA: Male risk avoidance, M_Co: Male courtesy, I_CSR: Index
of compliance with traffic rules, I_DS: Index of driving skills, I_Co: Index of courtesy, | RA:
Index of risk avoidance.

4. Discussion

The present study, to best of our knowledge, was the first in the literature to examine the sex
stereotypes associated with female and male drivers among Turkish adolescents. In addition to
examining the presence of stereotypes among adolescents with SSAD, sex differences and
relationships with mothers and fathers were also examined.

Concerning the first research question “Do the perceptions of female and male drivers change
as a function of adolescents’ sex?”, similar to the sex differences in previous studies with other
age groups (Pravossoudovitch et al., 2015), sex stereotypes with respect to male and female
drivers were observed in both male and female adolescents. Male adolescents evaluated female
drivers as less skillful and male drivers as more compliant with traffic rules, more skilled, risk-
avoiding, and courteous than female adolescents. Looking at the indexes, male adolescents
rated male drivers as more skilled, whereas female adolescents confirmed the stereotypes of
female drivers as being more courteous and risk-avoiders.

The results showed that the largest differences in sex stereotypes were observed in driver skills
and towards male drivers. It is particularly interesting to note that while female adolescents
showed more neutral sex stereotypes in terms of driver skills (i.e., they rated the level of driver
skills of female and male drivers at approximately the same level with an index value of -.10),
male adolescents exhibited a strong sex endorsement on driver skills. The pairwise comparisons
and the index of driver skills showed that male adolescents tended to see male drivers as more
skillful and female drivers as less skilled. In other words, male adolescents seemed to show a
strong in-group endorsement of driver skills, which may also be related to young male drivers’
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overestimation of driver skills when they are older. Likewise, different studies have provided
evidence of the overestimation of driver skills of young drivers, especially young male drivers
(i.e., de Craen, Twisk, Hagenzieker, Elffers, & Brookhuis, 2011; Martinussen, Mgller, & Prato,
2017). Although de Craen et al. (2011) discussed that novice drivers were aware of their skill
level compared to average drivers, male adolescents seemed to evaluate male drivers as more
skilled compared to female drivers. Considering that these male adolescents may become
novice drivers in a few months or years, the overestimation of driver skills of their own sex
group may also be reflected in their estimation of their own driver skills in the future.

In line with the previous findings of Granié and Papafava (2011), female drivers were
associated with more feminine characteristics and evaluated as less skilled and safe, but male
drivers were evaluated as more skilled and more risk-taking, which could be linked to being
more masculine in the driving context. It could be discussed that, in Turkiye, driving is a mostly
male-dominant area, and different studies in the literature associated being a skilled and a good
driver with having more technical driver skills (i.e., perceptual-motor skills) and a component
of masculine features (i.e., Granié & Papafava, 2011; Ozkan & Lajunen, 2006). Furthermore,
risk avoidance, which was rated higher for female drivers, could also be interpreted as a
characteristic of a safe driver, which is associated with safety skills and feminine characteristics
(Ozkan & Lajunen, 2006). In this respect, it could be argued that female and male adolescents
reflected a masculine-feminine role differentiation in terms of indexes of the SSAD.

The results could be interpreted as the need for efforts to understand and intervene in driver
behaviors to start as early as adolescence, and perhaps even earlier, since children are socialized
about sex roles starting from an early age, especially in terms of what is considered masculine
(Solbes-Canales, Valverde-Montesino, & Herranz-Hernandez, 2020). There is a higher degree
of stereotyping of masculine traits and professions than of feminine traits, and fathers and sons
are more alike in gender role attitudes than any other dyads in nuclear families (Kulik, 2002),
making boys prone to have stricter attitudes about masculine traits. Likewise, these results
demonstrated stronger sex differences among adolescents regarding male drivers, with male
adolescents showing higher levels of sex stereotyping.

In addition, according to the literature, girls are rewarded more for their prosocial behaviors by
mothers compared to boys (Hastings, McShane, Parker, & Ladha, 2007), and boys are warned
and tolerated more for their risky behaviors (Morrongiello & Hogg, 2004). In line with this
differential rewarding, the adolescents in this study, especially females, attributed more
courteous driving characteristics to female drivers and more risk-taking characteristics to male
drivers. Hence, the present study’s results might be related to early-start socialization practices,
with the adolescents having applied what they learned about gender differences through various
means of socialization like observation or lecturing from their parents. As a result, this may
lead to an understanding of sex role that is generalized to drivers and driving in the following
years of life. This pattern has been observed in several areas related to adolescent development,
like the gendered division of housework, and career- and peer-choices of adolescents
(Endendijk et al., 2018).

In addition to the presence of sex stereotypes and the sex differences in SSAD, we also
examined another research question “Is there a relationship between the quality of the
relationship with parents and the perception of female and male drivers among adolescents?”.
The results provided two significant patterns highlighting the importance of parent-adolescent
relationships on attitudes toward drivers: Adolescents who reported a more negative
relationship with their mothers showed stronger sex stereotypes on the index of driver skills,
and positive relationships with fathers were negatively associated with the indexes of courtesy
and risk avoidance. As discussed earlier, driver skills are seemingly associated with masculine
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characteristics, whereas courtesy and risk avoidance are perceived as a factor of feminine
characteristics. According to the results, the adolescents’ positive perceptions of the parent-
adolescent relationship seemed to counteract these traditional sex stereotypes. Therefore, the
relationship quality with the opposite-sex parent could play a protective role against developing
strict sex stereotypes (i.e., mothers for driver skills and fathers for courtesy and risk avoidance).
This protective role could be partly explained by the fact that increased familiarity with a group
decreases stereotypes against them (Steiger et al., 2022), and counting someone as an “ingroup
member” leads to the promotion of their skills and abilities (Hinde & Stevenson-Hinde, 1987).
A better parent-adolescent relationship might lead to increased familiarity with and a higher
chance to observe the parent in question, which would decrease the need to divert to automatic
generalizations (i.e., stereotypes) in defining who they are. Similarly, parents may pose as a
counterexample to sex stereotypes, which would then lead to an increased awareness of the
driving behaviors and skills of others belonging to the same identity group as the parent in
question. This, in return, would lead to a new schema being formed around those individuals.
More studies are needed to further examine these associations.

Given the aforementioned similarities and differences of the findings with previous studies
conducted in France (Granie & Papafava, 2011; Pravossoudovitch et al., 2015) and overlap with
studies on gender stereotypes in Turkiye (e.g., Akdemir & Golge, 2022; Basfirinci & Cilingir
Uk, 2017; Sakall1 Ugurlu et al., 2021; Tarhan, 2022), this study can be considered as a sign of
the existence of sex stereotypes in other traffic systems outside of France, and could further
suggest that the demonstrated patterns may be observed in other countries as well. We believe
that the findings of the current study provide a number of research angles that could contribute
to traffic safety research and practice. Further investigation of sex stereotypes in traffic contexts
across different cultures may be warranted.

4.1 Limitations, Future Suggestions, and Implications

A number of critical points should be made about the design and results of the current study.
Firstly, although the sample size was sufficient for sex comparisons and correlation tests, it was
also relatively small for making conclusive interpretations for adolescents. The present study
presents rather descriptive findings and should be considered as preliminary data regarding the
development of sex stereotypes related to driving, especially among adolescents. We encourage
further analysis with a larger sample to examine the interaction effects between child sex and
parent sex when considering the impact of relationship quality with parents. Adolescents’
perceived relationship quality was examined with a single-item question to increase
convenience. Nevertheless, the single-item measure of relationship quality may have limited
power to provide detailed information on different aspects of the adolescents’ relationship with
their parents. Future studies should take this into account when investigating the role of parent-
child relationships. Future experimental studies might help further understand the components
of adolescents’ judgments when evaluating different drivers.

The fact that there are no age differences in the analyses, or that age does not show a significant
effect in the regression analysis, may be because the sample by nature consists of a limited age
range. For example, in the previous study conducted by Pravossoudovitch et al. (2015), some
differences were found between three age groups (18-24, 25-44, 45-64). With this in mind,
examining the results of the current study with different (earlier and later) age groups might
provide more contextual information. This would allow the investigation of the potential effects
of different factors, such as exposure to different driving conditions and individual experiences,
which may later be examined in relation to these stereotypes. Similarly, socio-economic status
(SES) may play a role in the context of the current study. SES is usually demonstrated to have
a moderating role in the development of stereotypes in childhood (e.g., Coyne, Linder, Booth,
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Keenan-Kroff, Shawcroft, & Yang, 2021), but may have a more complex presentation than
imagined (e.g., boys and girls may be affected by SES differently, as in del Rio, Strasser,
Cvencek, Susperreguy, & Meltzoff, 2019), or may not be effective at all in some circumstances
(e.g., del Rio et al., 2021). Therefore, children from different socio-economic backgrounds may
exhibit different characteristics in terms of driving stereotypes. We recommend further
investigation of the interaction of sex and socio-economic status in the context of sex
stereotypes associated with driving with a bigger sample.

Nevertheless, the findings of the present study suggest an area for future research and
intervention with adolescents that focuses on sex stereotypes in relation to driving. For example,
although the results indicated sex differences in adolescents’ evaluations of female and male
drivers using a self-report measure, it would be equally valuable to further investigate sex
stereotypes using implicit measures (e.g., Guizzo, Mog, Cadinu, & Bertolli, 2019; Morrissey,
Hallett, Bakhtiar, & Fitzpatrick, 2019). Moreover, Halpern and Perry-Jenkins (2016) found that
parents’ behaviors were more influential than their beliefs in shaping their children’s attitudes
towards sex roles. Therefore, it would be valuable to explore not only the adolescents’, but also
their parents’ sex stereotypes and the mechanisms of their direct or indirect transmission, a need
also addressed by Endendijk et al. (2018). Another potential area of focus for future researchers
could be how adolescents with different gender identities would perceive sex stereotypes related
to driving, and the ways their driver perceptions converge and diverge with adolescents whose
genders align with the binary common sense.

In general, as a vulnerable road user group in the traffic system, children and adolescents are of
great importance and have been the subject of extensive intervention studies in many places
(see Oz, 2018 for more details). In this respect, they play an active role in the traffic system
with many different roles (passengers, pedestrians, cyclists, etc.) which results in observations
and many interactions with other road users. Bearing in mind that the development of
stereotypes about female and male drivers may occur at a younger age before they become
drivers, training and education programs that inform young road users about these stereotypes
may prevent both the emergence of stereotypes and unsafe interactions with and expectations
of male or female drivers in traffic. For example, Mog, Cadinu, and Maass (2015) found that
female drivers performed worse when they knew their driving skills were being evaluated and
compared to male drivers, and performed better when they were not reminded of stereotypes.
Intervention programs aimed at reducing sex stereotypes about female and male drivers may
contribute to overall road safety by supporting female drivers and reducing potential conflicts
between female and male drivers.

5. Conclusion

In conclusion, the present study investigated the existence of sex stereotypes towards female
and male drivers among Turkish adolescents and their relationships with mothers and fathers.
The adolescents’ perceptions were consistent with masculine and feminine role differentiations.
Furthermore, the quality of the relationship with the parents also influenced the stereotype
endorsement of the adolescents. Overall, the results of the present study indicated the existence
of sex stereotype endorsement among adolescents, which changes as a function of sex and
relationships with mothers and fathers. These findings also demonstrate the powerful influence
of the parent-adolescent relationship on yet another aspect of adolescent development and
socialization. The findings encourage further research into the developmental and family
aspects and their dynamic relationships in the context of traffic and transport.
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Abstract

Accurate forecasting of the average speed of vehicles is important for early detection of traffic congestion and density, as well
as for the correct reporting of the green wave mode. For this purpose, to evaluate the forecasting of traffic indicators using the
artificial intelligence method a confidence interval was established on the example of the city of Baku, the capital of the
Republic of Azerbaijan. However, this confidence interval includes forecasts for the next few days based on observations of
existing roads, not of planned and reconstructed roads. During the preparation of the report, the first 21 days of April 2019
were selected and based on the obtained data, the objective numerical assessment of the quantitative anticipation for the number
of hours in a day, standardized deviation's objective statistical approximation, the quantile of the Student’s distribution, the
lower limit, the upper limit and the values of the difference between them were determined, as well as the degree of freedom
and the computed confidence interval. As a result of the reports, one confidence interval is given for each hour of the day, in
which the indicator falls into this interval with 95% of the following days. It is also possible to determine the recommended
speed limit, which is the most important part of the green wave mode, with the help of the mentioned prediction.

Keywords: confidence interval, average speed of vehicles, traffic flow, green wave, recommended speed of movement, road
traffic management

Ortalama Arac¢ Hizlarn I¢cin Giiven Araliklarimin Olusturulmasi
Oz

Araglarin ortalama hizlarinin dogru tahmin edilmesi trafik sikigikliginin ve yogunlugunun erken tespiti ve ayni zamanda yesil
dalga modunun dogru raporlanmast igin 6nemlidir. Bu amagla yapay zeka yontemi kullanilarak trafik gostergelerinin tahminini
degerlendirmek i¢in Azerbaycan Cumhuriyeti'nin bagkenti Bakii sehri 6rneginde bir giiven araligi olugturulmustur. Ancak bu
giiven aralig1, planlanan ve yeniden yapilan yollara degil, mevcut yollara iligkin gézlemlere dayali olarak 6niimiizdeki birkag
giin i¢in tahminleri icerir. Raporun hazirlanmasi sirasinda 2019 Nisan aymin ilk 21 giinii se¢ilmis ve elde edilen verilere gore
giiniin saatlerine iliskin matematiksel beklenti i¢in yansiz istatistiksel tahmin, standart sapma i¢in yansiz istatistiksel tahmin,
Student dagilimi, alt sinir, iist siir ve aralarindaki farkin degerleri belirlenmis, ayrica serbestlik derecesi ve giiven araligi
hesaplanmistir. Raporlamalar sonucunda giiniin her saati i¢in bu giiven aralig1 verilir ve gosterge takip eden giinlerin %95' ile

bu araliga diiser. Bahsi gecen tahmin yardimiyla yesil dalga modunun en 6nemli pargasi olan tavsiye edilen hiz limitini
belirlemek de mimkin olmaktadr.

Anahtar Kelimeler: giiven araligi, araglarin ortalama hizi, trafik akisi, yesil dalga, onerilen hareket hizi, karayolu trafik yonetimi
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Establishment of Confidence Intervals for Average Vehicle Speeds

For pedestrians to make judgments that would assure their safety when trying to cross the road,
it is crucial that they have the capability to properly assess and anticipate the average vehicle
speed (Sun et al., 2015).

For various Intelligent Transport Systems (ITS) applications, determining the average speed of
vehicles is important. However, it is very difficult to determine the specified forecast on
highways since the individual speed of the vehicle is influenced in a deterministic or stochastic
way by many factors related to the vehicle driving and traffic safety (e.g., the state of the road
traffic, kinds of motor vehicles plus psychophysiological characteristics of each driver).
Machine learning makes it more accessible to determine average vehicle velocity forecast by
investigating probable connections among average traffic speeds and other key factors in a
traffic flow based on archival information on automobile infrastructure. This paper presents a
new method influenced by data proposed for the long-term prediction of individual average
vehicle speed along planned streets or avenues based on long and short-term memory
algorithms using error back-propagation. In some sources, the use of the Pearson’s correlation
coefficient increased the effectiveness of calculating and analyzing parameter correlation of the
archived characteristics of the vehicle driving and traffic safety (vehicle, driver, road, traffic).
Several accounts claim that the methodology for predicting the average speed of vehicles is
further divided into parametric (constant) and non-parametric (multivariate) ways, as shown
below (Lefévre et al., 2014; Xiaolei et al., 2015; Yufang et al., 2019).

e Parametric approaches rely on models calculated using empirical data with
predetermined parameters relying on a few theoretical premises;

e In non-parametric approaches, models are built based on historical data on traffic flow
and vehicle management forecasting.

When it comes to large-scale transportation networks or long-term velocity forecasting of
vehicles, parametric ways are typically useless. Recent vehicle velocity forecast studies are
mostly focused on both short and long-term vehicle velocity forecast.

Long-term forecast of average vehicle speeds is of vital importance, which will lead to great
achievements in improving traffic safety and management efficiency, as well as achieving
optimal route programming. Thus, as can be seen from the above, Accurate long-term estimates
of the average velocity of moving vehicles are particularly challenging in comparison with the
short-term speed. However, the estimated velocity of vehicle is the outcome of a variety of
aspects, namely psychophysiological state of the driver, the condition of the vehicle, road
conditions, and other factors. Accurately obtaining these ratios will get more challenging the
longer the predicting period. The creation and use of artificial sensory systems as well as other
methods for machine learning to address the aforementioned issues has led to significant
advancements in the fields of regression prediction (multivariate analysis), machine vision
(computer interpretation of images), and human language technology (NLP) (Chen et al., 2018;
Jiang & Learned-Miller, 2017; Kai et al., 2015; Moreno-Lopez & Kalita, 2017).

Given that forecasting vehicle’s velocity is also a problem of regression prediction, an adequate
machine learning technique could improve the low precision and constrained forecasting scope
brought on by the conventional "decision tree” model, Markov model, as well as other velocity
forecasting methods to a certain degree (Jing et al., 2017).
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In order to develop a vehicle speed prediction model, a number of studies have been conducted
and international experiences in this field have been studied. So, the following sequence should
be expected when setting the model parameters:

e Configuration of parameters of the “planned path error backpropagation method”
model;

e Configuration of "long short-term memory" settings;
e Setting up parameter arrangements for the “support-vector machine” model.

At the same time, in some sources, the method for predicting the average speed of a vehicle,
which combines the algorithms of the “error backpropagation method” and “long short-term
memory” on planned highways, the correspondence study involving the impact of vehicle on
the "long-term velocity forecast” of the vehicle and the Pearson's correlation coefficient
technique are used to emphasize the main determinant factors impacting the velocity of the
vehicle, as a contribution to the long-term velocity forecasting of the vehicle model, where it
offers higher forecasting precision and computational productivity. It has been discovered that
the mathematical forecasting of each vehicle's speed in the long run has the ability to adapt to
different roads and can choose a more suitable algorithm based on position and road
information. Another thing to keep in mind is that the average forecasting of the vehicle’s
velocity in the long run differs from the short-run velocity estimation demonstrated in the error
features of the vehicle’s velocity for every point or time because unexpected and random
elements that impair a vehicle's ability to corner are likely to have an impact on how foreseeable
a vehicle's acceleration is over the long run. However, unlike the application of analyzing
velocity in the short run, in optimized control at rapid or short-term power points, the energy
spent on the intended route is much more indicative of the vehicle speed statistics, and it has
been confirmed that the outcome of long-term forecasting of vehicle’s velocity are of practical
significance for estimation of arrival and forecasted possibilities for energy usage.

Taking into account what was mentioned above, a confidence interval was established for the
evaluation of the forecast on the example of a number of streets or avenues in Baku, the capital
of the Republic of Azerbaijan (Valiyev, 2013). However, this confidence interval includes
predictions for the next few days based on observations on existing roads, not on roads being
designed and reconstructed. For the purpose of this forecast, one confidence interval is given
for each hour of the day, in which the indicator falls to 95% for the following days (Sandercock,
2015). As can be seen from the percentage indicator, the interval has a very important indicator
in determining the average movement speed for the application of the "green wave" mode in
very large and large cities (Ahmadov & Baghirov, 2019; Lu et al., 2022; Zhang et al., 2020).

2. Method
2.1. Data Collection

In order to establish a confidence interval, research was conducted on several streets and
avenues in Baku. For this purpose, first of all, average traffic speed indicators were investigated
in 8 streets and avenues in Baku city. The aforementioned research was carried out with the
help of the equipment of the Intelligent Transport Management Center operating in Baku. Thus,
the Video Vehicle Detection System, which is one of the ITMC's equipment, collects data on
the intensity of vehicles on the roads at 1-minute intervals (Scheme 1).

TUD
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The process of data collection and
data gathering

Research was conducted, 8
streets and avenues of Baku
city

In Baku city 8 streets and avenues which
differ in the number of traffic flow and
technical regulation means were selected.

In 8 streets and avenues, a Information on the average speed of
number of indicators were vehicles was studied on 8 streets and
reviewed avenues.

AN

Information of the number of traffic Information on the average speed of
light-controlled intersections, vehicles on working days of April
approximate spacing between them, 2019 on 8 streets and avenues was
the general time regimes of the studied and analyzed from the VVDS
traffic lights and the length of the equipment of BITMC.
streets and avenues

Scheme 1. Flowchart for Comprehending the Data Collection and Gathering Methodology

The marked streets and avenues are shown in red in the following figure (Figure 1). The number
of traffic light-controlled intersections, approximate spacing between them, the general time

regimes of the traffic lights and the length of the streets and avenues are shown in Table 1
below.

Figure 1. Research was conducted, 8 streets and avenues of Baku city
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Table 1. The number of traffic light-controlled intersections, approximate spacing between
them, the general time regimes of the traffic lights and the length of the streets and avenues

Street Number of traffic light- Approximate spacing of The length of Cycle in peak Cycle in non-
number  controlled intersections traffic light-controlled the street hours peak hours
(number) intersections (km) (second) (second)
(meters)
1 6 400 2.51 90 70
2 4 410 2.06 90 70
3 16 100 3.30 90 70
4 1 490 0.98 90 70
5 6 230 1.90 90 70
6 3 290 1.18 90 70
7 2 1000 3.14 90 70
8 1 450 0.90 90 70

During the investigation of the first three weeks of April 2019, data were collected on the
indicators of the average speed of motor vehicles from the first to the 21st of the month
(including April 21) for all hours of the day (Table 2).

During the observations, taking into account that weekday drivers pay more attention to trips,
for example, they often change the speed limit so as not to be late for work, and weekends are
non-working days, the report was made only for working days. In the future, we consider it
appropriate to conduct this type of report separately for non-working days.

2.2. Data Analysis

After appropriate analysis, a diagram of the dependence of the average speed of motor vehicles
on the days of the month was constructed separately by hours of the day (Figure 2).

)= 01.04.2019 —©— 02.04.2019 03.04.2019 04.04.2019 =@ 05.04.2019 —&- 06.04.2019
©=07.04.2019 =©= 08.04.2019 =& 09.04.2019 =©= 10.04.2019 =&=11.04.2019 =&~ 12.04.2019

13.04.2019 14.04.2019 15.04.2019 16.04.2019 =@~ 17.04.2019 18.04.2019
©— 19.04.2019 —@~— 20.04.2019 ~©— 21.04.2019

ﬁ?ﬁ@
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Figure 2. Comparison diagram of the average speed of vehicles by hours of the day for April 1-21,2019
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3. Results and Discussion

Based on the above-mentioned data, the unbiased statistical estimate of the mathematical
expectation for the hours of the day, the unbiased statistical estimate of the standard deviation,
the Student's distribution quantile, the lower and the upper limits criteria are obtained, and the
values of the difference between them were determined and the df-degree of freedom and the
confidence interval were calculated (Table 3) (Chen et al., 2020; Hurst, 2010; Shan et al., 2014;
Thelwall & Fairclough, 2017; Zhang et al., 2021).

As of 01:00 every day of the first three weeks of April, the calculations were made in the
following order:

e Unbiased statistical estimate for mathematical expectation (Poznyak, 2009):

15

Vg = % = 55.14 km/h

here,

Vap,i — respectively, the sum of the average speed indicators of vehicles on the i-th working day
of April;

15— is the number of days the calculation is made.
e Unbiased statistical estimate for the standard deviation:

2
Yoo = %:51(vav,i — VpmE)
sD 15—1

here,

Vay,i — respectively, the sum of the average speed indicators of vehicles on the i-th working day
of April;

vy — unbiased statistical estimate for mathematical expectation
15 — is the number of days the calculation is made.
e Df-degree-of-freedom value:
df =15—-1=14
e Upper limit estimation:
2.14 X Ygp
Vur = VMg — T
here,
2.14 — quantile of Student’s distribution;
15 — is the number of days the calculation is made.
e Lower limit estimation:

2.14 X Y5
Uy = Umg — T

TUD

Trafik ve Ulagim Aragtirmalari Dergisi



Baghirov / TUAD, 6(2), 131-142

Difference between upper and lower limit estimations:

Uyt — Vg

139

Under the above-mentioned calculation rules, calculations were made for all hours of the day
and these indicators are listed in table 3.

Table 3. Calculations for all hours of the day

An
An unbiased unbiased
Hour statistical statistical DF-degree of The Quantileof The The The
estimate for the estimate freedom confidence Student’s  lower upper difference
mathematical for the interval distribution limit limit
expectation standard
deviation
01:00 55.14 1.18 2.14 54.49 55.79 1.31
02:00 55.14 1.85 2.14 54.12 56.16 2.04
03:00 54.38 1.76 2.14 53.40 55.35 1.95
04:00 53.15 2.52 2.14 51.76 54.54 2.79
05:00 54.79 2.95 2.14 53.15 56.42 3.27
06:00 57.98 1.77 2.14 57.00 58.96 1.96
07:00 54.11 1.35 2.14 53.36 54.86 1.50
08:00 51.67 2.53 2.14 50.27 53.07 2.80
09:00 54.13 2.10 2.14 52.97 55.29 2.32
10:00 54.00 1.93 2.14 52.93 55.07 213
11:00 53.85 1.95 2.14 52.77 54.92 2.16
12:00 52.53 2.90 2.14 50.92 54.13 3.21
13:00 52.69 1.39 14 95.00% 2.14 51.92 53.47 1.54
14:00 52.44 1.85 2.14 51.42 53.47 2.05
15:00 53.59 2.05 2.14 52.45 54.73 2.27
16:00 52.33 1.80 2.14 51.33 53.33 2.00
17:00 51.80 1.66 2.14 50.88 52.72 1.84
18:00 51.81 3.16 2.14 50.06 53.56 3.50
19:00 50.97 2.17 2.14 49.77 52.17 2.41
20:00 51.45 1.44 2.14 50.66 52.24 1.59
21:00 53.19 0.97 2.14 52.66 53.73 1.07
22:00 53.59 1.80 2.14 52.60 54.59 1.99
23:00 54.79 1.54 2.14 53.94 55.65 1.71
24:00 55.39 2.38 2.14 54.07 56.70 2.63

As a result of the reports, we will get a comparative diagram of the average speed of vehicles
in Baku, the capital of the Republic of Azerbaijan, during the first 21 days (15 working days)
of April 2019, a result of the gap between the maximum and minimum hours of the day

(Figure 3).

4. Conclusion

Based on the obtained results, it will be more convenient to build a coordinated scheduling
graph (“green wave” graph) on streets or avenues where it is not possible to determine the
average speed of motor vehicles without detectors or video detection cameras. It will be
possible to obtain the recommended speed indicators for all hours of the day on all streets or
avenues where the “green wave” mode has been applied based on the confidence interval
construction. Also, on streets or avenues that have implemented the “green wave” mode, the
average speed of motor vehicles will be provided at the recommended speed according to the
real mode for the hours of the day, which will not violate the coordinated scheduling graph,
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reduce traffic congestions and, most importantly, the organization of traffic will lead to

increased efficiency and safety.

® lower limit upper limit

58.00 1.96

2.63

. 5407

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24
Figure 3. Comparative diagram of the average speed of motor vehicles during the first 21 days of April 2019,
resulting from the gap between the maximum and minimum hours of the day

In the future, by increasing the number of investigated streets and avenues, as well as by more
precisely studying other means of technical regulation of traffic on streets and avenues, it is
possible to establish a more accurate confidence interval.

In addition, we inform you that according to the analyses, considering that weekday drivers pay
more attention to trips, for instance, they often change the speed limit for not to be late for work,
and weekends are non-working days, the report was made according to working days only.

Ethics Committee Approval Statement
Ethical committee approval is not required, as the study did not collect data from human or
animal participants.
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Oz

Diinyanin artan niifusuna paralel olarak yolcu ve yiik tagimacilig1 ihtiyaci da artmaktadir. Ulagim taleplerinin artmasi mevcut
yol aglarmin genislemesine ve ulasim tiirlerinin artmasina neden olmustur. Diinya Saglik Orgiitii verilerine gére diinyada her
yil bir milyondan fazla kisi trafik kazasi sonucu hayatin1 kaybetmektedir. Trafik giivenligi Jandarma ve Polis teskilatlariin
trafik birimleriyle saglanmaktadir. Sehir i¢i trafik hizmetlerinden polis, sehir dig1 trafik hizmetlerinden jandarma trafik ekipleri
sorumludur. Jandarma teskilatinin tagrada gérev yapmasi ve trafik akisinin il merkezine gore degisiklik gostermesi nedeniyle
kaza olug nedenleri de farklilik gosterecektir. Jandarma trafik sorumluluk bdlgesinde 2015-2019 yillar1 arasinda meydana gelen
Oliimlii ve yaralanmali trafik kazalar1 veri madenciligi yontemlerinden olan birliktelik kurallar1 ile analiz edilmistir. Birliktelik
kurallari, kaza analizlerinde de hangi degiskenlerin bir araya geldiginde kazanin olustugunu tespit etmekte kullanilmigtir.
Birliktelik kurallar1 olusturmak i¢in literatiirde kaza analizlerinde basarili sonuglar veren Apriori algoritmasi kullanilmigtir.
Apriori algoritmasi kullanilarak hangi durumlarda kazalarin daha sik oldugunu ortaya c¢ikarmak maksadiyla kurallar
olusturulmustur. Kazalara karisan siiriiciiler incelendiginde 25-50 yas araliginda erkek otomobil kullanicist oldugu tespit
edilmigtir.

Anahtar Kelimeler: trafik kazalari, jandarma trafik, veri madenciligi

Analysis of Traffic Accidents in the Gendarmerie Area by Data Mining Method
Abstract

In parallel with the increasing population of the world, the need for passenger and freight transportation is also increasing. The
increase in transportation demands has led to the expansion of existing road networks and an increase in transportation types.
According to the World Health Organization data, more than one million people die every year in the world as a result of traffic
accidents. Traffic safety is provided by the traffic units of the Gendarmerie and Police organizations. Police are responsible for
urban traffic services and gendarmerie traffic teams are responsible for out-of-city traffic services. Since the gendarmerie
organization works in the provinces and the traffic flow varies according to the city center, the reasons for the accident will
also vary. Traffic accidents with fatalities/injuries that occurred in the Gendarmerie traffic responsibility area between 2015-
2019 were analyzed with the association rules, which is one of the data mining methods. Association rules are also used in
accident analysis to determine which variables come together and the accident occurs. In order to create association rules, the
Apriori algorithm, which gives successful results in accident analysis in the literature, was used. Using the Apriori algorithm,
rules were created in order to reveal in which situations the accidents were more frequent. When the drivers involved in the
accidents were examined, it was determined that there were male car users between the ages of 25-50.
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Jandarma Bolgesinde Gerg¢eklesen Trafik Kazalarinin Veri Madenciligi Yontemiyle
Analizi

Diinyanin artan niifusuna paralel olarak yolcu ve yiik tagimaciligr ihtiyaci da artmaktadir.
Ulasim taleplerinin artmas1 mevcut yol aglarinin genislemesine ve ulagim tiirlerinin artmasina
neden olmustur. Ulkemizde yolcu tasimaciligiin %95,2'si karayoluyla yapilmaktadir (Disisleri
Bakanligi, 2022). Karayoluyla yapilan tasimacilikta kullanilan ara¢ sayisinin kullanima paralel
artmas trafik kaza sayilarinin artmasina neden olmaktadir (Tiirkiye Istatistik Kurumu [TUIK],
2020). Diinya Saglik Orgiitii verilerine gore diinyada her y1l bir milyondan fazla insan trafik
kazasi sonucu hayatin1 kaybetmekte ve trafik kazasi nedeniyle Sliimler her yil {ist siralara
yiikselmeye devam etmektedir.

Trafik kazalarmin &nlenmesine yonelik ¢alisan kurumlarm basinda Igisleri Bakanlhigi ve
Karayollar1 Genel Miidiirligii (KGM) gelmektedir. Karayollar1 Trafik Kanununa gore “Trafik
kazalarinin olus nedenlerine gore verileri hazirlamak ve karayollarinda, gerekli 6nleyici teknik
tedbirleri almak veya aldirmak™ gorevi KGM’ye; “Trafik kazalarinin olus nedenleri ile ilgili
tiim unsurlar1 kapsayan istatistik verileri ve bilgilerini toplamak, degerlendirmek, sonuglarina
gore gereken Onlemlerin alinmasini saglamak ve ilgili kuruluglara teklifte bulunmak™ gérevi ise
I¢isleri Bakanligina verilmistir (Karayollar1 Trafik Kanunu, 1983). 2020 yili TUIK verilerine
gore toplam 150.275 oliimli ve yaralanmali trafik kazasi meydana geldigi goriilmekte, bu
kazalarda toplam 4.866 kisinin hayatin1 kaybettigi, 226.266 kisinin de yaralandigi
goriilmektedir (TUIK, 2020).

Trafik giivenligi Jandarma ve Polis teskilatlarinin trafik birimleriyle saglanmaktadir. Sehir igi
trafik hizmetlerinden polis, sehir dis1 trafik hizmetlerinden jandarma trafik ekipleri sorumludur.
Jandarma teskilatinin tasrada gorev yapmasi ve trafik akisinin il merkezine gore degisiklik
gdstermesi nedeniyle kaza olus nedenleri de farklilik gosterecektir. Ulkemizde karayollarinda
meydana gelen trafik kazalar1 oOliimli ve yaralanmali ile maddi hasarli olarak
siiflandirilmaktadir. Gelismis iilkelerde tilkemizden farkli olarak yaralilar agir yarali ve hafif
yarali olarak iki farkli grupta ele alinmaktadir (Geger, 2021)

Hazine Miistesarligi’nin 1 Nisan 2008 tarihli 2007/27 sayili Genelgesi ile trafik kazalarinda
sadece maddi hasarla sonu¢lanan kazalarda taraflar kendi aralarinda tutanak
dizenleyebilecektir (Maddi Hasarli Trafik Kazalari, 2008). Genelgeye gore diizenlenecek
tutanaklar trafik zabitasinca diizenlenen tutanakla aymi hiikiimdedir fakat bazi istisna
durumlarda taraflar kendi aralarinda kaza tespit tutanagi diizenleyemez. Bu istisnalar en son
Hazine Miistesarligi’nin 7 Kasim 2017 tarihli 2017/18 sayili1 Genelgesi ile belirtilmistir (Maddi
Hasarli Trafik Kazalar1, 2017). Bu istisnalar;

. Kazaya bir aracin karismasi

. Taraflardan birinin siiriicli belgesi olmamasi veya yetersiz olmast

. Araclardan birinin sigortast bulunmamasi

. Siirticilerden birinde alkol veya uyusturucu madde kullandigi siiphesi olusmasi
durumunda

. Kazaya karisan araglardan birinin kamu mali olmasi

. Kazada kamu malina veya tigiincii kisilere zarar verilmesi

. Kazanin 6liim veya yaralanma ile sonuglanmasi
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Bu calismada hazine miistesarli§i genelgesinin istisnai durumlarindan olan 6liim veya
yaralanmali kaza durumunda olay yerine ¢agrilan polis/jandarma trafik ekipleri tarafindan
tutulan raporlardan olusturulan TUIK kaza istatistiklerinden faydalanilacaktir.

Tablo 1. Yillara Goére Trafik Kaza Istatistikleri

YILLAR TOPLAM OLUMLU, MADDI OLU sAYISI YARALI
KAZA YARALANMALI HASARLI ~ T1opLAM KAZA KAZA SAYISI

SAYISI KAZA SAYISI KAZA YERINDE  SONRASI

SAYISI

2010 1.105.201 116.804 988.397 4.045 4.045 - 211.496
2011 1.228.928 131.845 1.097.083 3.835 3.835 - 238.074
2012 1.296.634 153.552 1.143.082 3.750 3.750 - 268.079
2013 1.207.354 161.306 1.046.048 3.685 3.685 - 274.829
2014 1.199.010 168.512 1.030.498 3.524 3.524 - 285.059
2015 1.313.359 183.011 1.130.348 7.530 3.831 3.699 304.421
2016 1.182.491 185.128 997.363 7.300 3.493 3.807 300.812
2017 1.202.716 182.669 1.020.047 7.427 3.534 3.893 300.383
2018 1.229.364 186.532 1.042.832 6.675 3.368 3.307 307.071
2019 1.168.144 174.896 993.248 5.473 2.524 2.949 283.234
2020 983.808 150.275 833.533 4.866 2.197 2.669 226.266

Kaynak: KGM Trafik Kazalar: Ozeti 2020

Karayollar1 Genel Miidiirliigiiniin 2021 yili igerisinde ¢ikardigi rapordan alinan Tablo 1’e
bakildig1 zaman toplam kaza sayisinin yaklasik 1,2 milyon oldugu goriilmektedir. Toplam
olimli yaralanmali kaza sayisi ortalama 180 bin civarindadir. Maddi hasarli kaza sayisina
bakildiginda ise ortalama 1 milyon kaza meydana gelmektedir. Oliim sayilarina bakildig
zaman 2015 yilindan itibaren kaza yerinde de kaza sonrasi olarak 2 ayri sayinin oldugu
goriilmektedir bu nedenle 2015 y1l1 6ncesi 6liim sayilari biraz daha az géziikmektedir. 2015 y1l1
sonrast verilere bakildigi zaman Olim sayilarmin ortalama 6 bin civarinda oldugu
gorulmektedir.

Tablo 2. Yillar itibartyla Meydana Gelen Oliimlii ve Yaralanmal1 Trafik Kazalarindaki Kusur

Oranlar1
INSAN FAKTORU
YILLAR  SURUCU YAYA YOLCU TOPLAM TASIT YOL
% % % % % %
2010 89,72 8,97 0,36 99,05 0,33 0,63
2011 90,20 8,51 0,39 99,10 0,30 0,60
2012 88,86 9,75 0,44 99,05 0,33 0,62
2013 88,97 8,91 0,43 98,31 0,92 0,77
2014 89,12 9,21 0,48 98,81 0,62 0,58
2015 89,76 8,67 0,45 98,88 0,58 0,54
2016 90,02 8,60 0,41 99,03 0,50 0,46
2017 90,29 8,35 0,37 99,01 0,55 0,45
2018 89,64 8,28 1,09 99,01 0,64 0,35
2019 88,89 7,92 0,85 97,65 2,05 0,30
2020 88,65 6,93 1,46 97,04 2,69 0,27

Kaynak: KGM Trafik Kazalar: Ozeti, 2020
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Yillar itibartyla meydana gelen 6liimlii ve yaralanmali trafik kazalarindaki kusur oranlarinin
yer aldigi Tablo 2 incelendiginde kazalarin biiylik cogunlugunun insan hatasindan
kaynaklandig1 goriilmektedir. Tasit ve yol sorunlar1 incelendiginde ise son 3 yilda tasit
kusurlarinin arttig1, yol sorunlarinin ise %0,2 civarinda kaldig1 goriilmektedir.

Literatiir incelendiginde yapilan ¢alismalarin daha ¢ok kent merkezi igerisinde olan kazalarin
analizi seklinde oldugu goriilmiistiir. Bu calisma ise 2015-2019 yillar1 arasinda kirsal
bolgelerde meydana gelen kazalari kapsamaktadir. 2015 yilina kadar olan kaza verilerinde kaza
sonrasi Oliimlerin yer almamasi ve 2019 yilindan sonra Covid-19 pandemisi nedeniyle trafik
miktarindaki degigsmeye paralel olarak kaza istatistiklerinin degigsmesi nedeniyle
karsilagtirilabilir kaza istatistiki verilerinin mevcut oldugu 2015-2019 yillar1 arasinda meydana
gelen kazalar incelenmistir.

Veri madenciligi anlaminda literatiir incelendiginde trafik kazalarinin inceledigini tez ve
makale calismalar1 bulunmaktadir. Meydana gelen trafik kazalarini incelendigi (Parildar,
2014), ayn1 sekilde yapay sinir aglar ile analizin yapildigi (Yildirim, 2014; Bolakar, 2014),
farkli olarak zaman serileri analizlerinin kullanildig1 (Bagherinabel, 2014) ve cografi bilgi
sistemlerinin eklenerek incelendigi (Ertung, 2013) makaleler yapilmistir. Apriori algoritmasi
ile yangin verileri kullanilarak yapilan ¢alismada yanginlarin hangi mevsimlerde ne tiirler ile
gerceklesebilecegi konusunda galismalar yapilmistir (Yurtay, Yurtay, Celebi, Bacinoglu ve Ak,
2014).

Bu caligma ile amag ilgili yillar i¢erisinde olan kazalarin olus nedenleri analiz edilerek ileriye
doniik karar vericiler i¢in yol gilizergdh planlamasindaki parametreleri ortaya koymaktir. Bu
calismanin temel motivasyonu birliktelik kurallar1 ile jandarma bolgesindeki kazalarin analiz
edilmesidir. Calismaya neden olan arastirma boslugu ise genel anlamda bu tip ¢alismalarin kent
merkezi 0zelinde yapiliyor olmasidir. Calismanin temel arastirma sorusu ise hangi kosullar
olustugunda kaza olmaktadir. Bu calisma ile kazalarin 6nlenmesi konusunda karar alicilara
yarar saglamak adina katki sunulmustur. Calismanin bundan sonraki boliimlerinde veri setleri
Apriori yontemi kullanilarak Jandarma bolgesindeki kazalar analiz edilecektir. Veri seti olarak
2015-2019 yillar1 arasinda kayit altina alinan veriler kullanilacaktir. Analiz edilen veri setleri
yorumlanarak sonuglar yazilacaktir.

2. Yontem

2015-2019 yillar1 arasinda jandarma trafik sorumluluk boélgesinde meydana gelen
oliimlii/yaralanmal1 kazalar1 veri madenciligi yontemlerinden apriori algoritmasi ile analiz
edilmistir. Apriori algoritmasi sik eleman kiimesi madenciligi yani birliktelik kurallar1 olarak
adlandirilan veri madenciligi grubuna aittir. Bu gruptaki diger algoritmalar; AIS algoritmasi,
Apriori TID algoritmasi, SETM algoritmas1 ve FPGROWTH algoritmasi olarak siralanabilir
(Karamasa ve Erdogan, 2018).

Birliktelik analizi, veri kiimelerindeki iligkili 6geleri veya olaylar1 kesfetmek i¢in kullanilir.
Apriori algoritmasi, birliktelik kurallarini kesfetmek i¢in kullanilan en yaygin algoritmalardan
biridir. Basit ve anlasilmasi kolay, hizl1 ve 6l¢eklenebilir ve kural giivenirliligi olmasi agisindan
avantajhidir. Fakat veri seti biiylidilkce hafiza gereksinimi ve islem maliyeti dezavantaj
olmaktadir.

“Market Sepet Analizi” olarak da adlandirilan Birliktelik Kurallar1 teknigi ile daha ¢ok
miisterilerin tiikketim aligkanliklarinin analizine yonelik degerlendirmeler yapilmaktadir ve satin
alma islemlerinde birlikte olugsma egilimi olan iiriinlerin veya iiriin gruplarinin tanimlanmasina
olanak saglar” (Alan ve Yesilyurt, 2019).
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Trafik kazalarina yonelik birliktelik kurallar1 ve Apriori algoritmasiyla bir¢ok ¢alisma yapilmis
ve kaza analizlerinde basarili sonuglar verdigi goriilmiistiir. Bu alanda yapilan ¢aligmalara;
Geurts ve digerleri (2005), Solomon ve digerleri (2006), Montella (2011), EI Tayeb, Pareek ve
Araar (2015), Soylemez ve digerleri (2016) ile Karamasa ve Erdogan (2018) o6rnek
gosterilebilir. Calismalarda elde edilen kurallara gore kazalarin hangi degiskenler bir araya
geldiginde daha sik yasandiginin tespiti yapilmaya ¢alisilmistir.

Apriori algoritmasinda Destek (Support) ve Giiven (Confidence) olmak iizere 2 parametre
kullanilmaktadir. Destek ve Giiven parametrelerinin sayisal olarak biiylik olmas1 birliktelik
kurallarinin daha gegerli oldugunu gosterir. Apriori algoritmasi varsayilan olarak Destek
degerini %10, Giliven degerini ise %80 olarak alir. Kullanici istedigi gibi bu degerleri
degistirebilir (Alan ve Yesilyurt, 2019). Kullanilan yazilima gore destek, giiven ve kaldirag
degerleri elle girilebilir ve istenilen degere gore siralama yapilabilir. Kuralin kag tane olacagi
da kullanici tarafindan belirlenebilir. Analizde WEKA yazilimi kullanilmistir. Yazilimin
Tiirk¢e karakter desteklememesinden dolayi eleman listesinde bulunan Tiirkge karakterler
cikarilarak analiz yapilmistir.

Destek seviyesi; ilgili kuralin tiim veri seti i¢cinde gerceklesme sikligini gosterir.

Say1(A U B)

Des (A— B) = -

Giliven degeri; A’y1 igeren tiim verilerin B’yi de igerme olasiligidir.

} Say1(A U B)
GUV(A - B) = W

Birliktelik kurallarinin agamalar1 asagida verilmistir.

Asama 1:Veri kiimesinin taranmasi ve frekansin bulunmasi ile destek degerinin belirlenmesi,
Asama 2:Asama 1°de belirlenen kurala gore 2’11 kural adaylarinin olusturulmasi,

Asama 3:Asama 2’de belirlenen kurala gore 3°10 kural adaylarinin olusturulmasi,

Bu sekilde asamalar devam eder. Analizde kullanilan degiskenler ve eleman kiimeleri Tablo
3’de gosterilmistir.

3. Bulgular

2015-2019 yillarinda Jandarma trafik bolgesinde meydana gelen dliimlii-yaralanmali trafik
kazalarmin verileri ile analiz gergeklestirilmistir. 17 degiskenin (Tablo 3) kullanildig1 analizde
minimum destek degeri 0,3 olarak, minimum giiven degeri ise 0,95 olarak belirlenmistir.

3.1. 2015 Y1ih

Jandarma bolgesinde 2015 yilinda gergeklesen 27.810 oliimlii ve yaralanmali kazaya karisan
37.122 siiriiciiye ait veriler analiz edilmistir. Olusturulan kurallara (Ek-1) gore kazalarin
%34,5°1 hafif hasarl1 sekilde ve bu kazalarin %98’1 yaralanmali kaza olarak kayitlara gecmistir.
Hafif hasarli ve yaralanmali kazalarin tim kazalara orami %33,9 olarak gergeklesmistir.
Kazalarin %38’1 yerlesim yeri i¢inde ve yerlesim yeri i¢inde olan kazalarin %98’1 yaralanmali
olarak, yerlesim yeri i¢inde ve yaralanmali olan kazalarin tiim kazalara orani ise %37 olarak
gerceklesmistir. Kazalarin %40°1 glindiiz ve egimsiz yollarda meydana gelmistir. Bu kazalarin
%97’s1 yaralanmal1 olarak sonuglanmistir. Giindiiz otomobillerin karistig1 kaza orant %31,7
iken bu kazalarin %97 ‘si yaralanmali olarak sonuclanmistir. E§imsiz yollarda siiriicliniin 25-
50 yag araliginda oldugu durumda yaralanmal1 kaza olma orani1 %33,5 olarak gerceklesmistir.
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Diger kurallar incelendiginde kazalarin genellikle egimsiz, viraj olmayan, B siiriicli belgesine
sahip, 25-50 yas araliginda, otomobil kullanicisi ve giindiiz meydana geldigi goriilmektedir.

Tablo 3. Veri Seti Degiskenleri ve Igerdikleri Elemanlar

DEGISKEN ADI

ELEMAN LISTESI

YOL SINIFI

CADDE, KOY YOLU, IL YOLU, DEVLET YOLU, SOKAK, BAGLANTI YOLU,
ORMAN YOLU, SERVIS YOLU, DIGER, PARK ALANI, TESIS (MULK) ONU VEYA
ICI, OTOYOL

YERLESIM YERI

YERLESIM YERI ICI, YERLESIM YERI DISI

KAZA AY

OCAK, SUBAT, MART, NISAN, MAYIS, HAZIRAN, TEMMUZ, AGUSTOS, EYLUL,
EKIM, KASIM, ARALIK

HAFTANIN GUNU

PAZARTESI, SALI, CARSAMBA, PERSEMBE, CUMA, CUMARTESI, PAZAR

KAZA SAATI 00:00-00.59, 01.00-01:59, 02:00-02.59, 03.00-03:59, 04:00-04.59, 05.00-05:59, 06:00-
06.59, 07.00-07:59, 08:00-08.59, 09.00-09:59, 10:00-10.59, 11.00-11:59, 12:00-12.59,
13.00-13:59, 14:00-14.59, 15.00-15:59, 16:00-16.59, 17.00-17:59, 18:00-18.59, 19.00-
19:59, 20:00-20.59, 21.00-21:59, 22:00-22.59, 23.00-23:59

AYDINLATMA 1-VAR, 2-YOK, 3-BOZUK

GUN DURUMU 1-GUNDUZ, 2-GECE, 3-ALACAKARANLIK

YATAY GEOMETRI  1-DUZ YOL, 2-VIRAJ, 3-TEHLIKELI VIRAJ

DUSEY GEOMETRI  1-EGIMSIZ, 2-EGIMLI, 3-TEHLIKELI EGIM, 4-TEPE USTU

OLUS SEKLI 1 0-BELIRTILMEMIS, 1-KARSILIKLI CARPISMA, 2-ARKADAN CARPMA, 3-
YANDAN CARPMA, 4-YAN YANA CARPISMA, 5-DURAN ARACA CARPMA, 6-
ZINCIRLEME CARPISMA, 7-COKLU CARPISMA, 8-ENGEL/CISIM ILE CARPISMA,

OLUS SEKLI 2 9-YAYAYA CARPMA, 10-HAYVANA CARPMA, 11-
DEVRILME/SAVRULMA/TAKLA, 12-YOLDAN CIKMA, 13-ARACTAN INSAN
DUSMESI, 14-ARACTAN CISIM DUSMESI, 15-PARK ETMIS ARACA CARPMA

YASI 25 YASINDAN KUCUK, 25-50, 51-75, 75 YASINDAN BUYUK

CINSIYET ERKEK, KADIN

BELGE SINIFI A1-MOTORLU BISIKLET, A2-MOTORSIKLET, B-OTOMOBIL, C-KAMYON, D-
CEKICI, E-OTOBUS, F-LASTIK TEKERLEK TRAKTOR, G-IS MAKINASI, H
(OTOMOBIL), YB-YABANCI SURUCU BELGE, H-HASTA VEYA SAKAT ARACI,
BILINMIYOR,

OGRENIM ILKOKUL, ILKOGRETIM, ORTAOKUL, LISE VE DENGI OKUL, 2 YIL SURELI
YUKSEK OKUL, YUKSEK OKUL (LISANS),

IHLAL 2918 SAYILI KARAYOLU TRAFIK KANUNUNDA YER ALAN TRAFIK
KURALLARININ MADDELERI YER ALMAKTADIR.

ARACIN CINSI 1-BISIKLET, 2-AT ARABASI, 3-MOTORLU BISIKLET, 4-MOTOSIKLET, 5-

OTOMOBIL, 6-MINIBUS 7-KAMYONET, 8-KAMYON, 9-CEKICI, 10-OTOBUS, 11-
TRAKTOR, 12-ARAZI, 13-OZEL AMACLI, 14-IS MAKINESI, 15-AMBULANS, 16-
TANKER, 17-TREN

HASAR DERECESI

1-HASARSIZ, 2-HAFIF HASAR, 3-FONKSIYONEL HASAR, 4-HAREKET EDEMEZ,
5-AGIR HASAR, 6-TESPIT EDILEMEDI, 0-BELIRTILMEMIS

KAZA TIPI

YARALAMALI, OLUMLU

*Analiz nedeniyle tabloda blylk karakter kullanilmis ve Tiirk¢e karakter kullanilmamustir.

3.2.2016 Yih

Jandarma bolgesinde 2016 yilinda gerceklesen 28.440 6liimlii ve yaralanmali kazaya karisan
38.073 siiriicliye ait veriler analiz edilmistir. Olusturulan kurallara (Ek-2) gore kazalarin
%33,5°1 hafif hasarl sekilde ve bu kazalarin %981 yaralanmali1 kaza olarak kayitlara gegmistir.
Hafif hasarli ve yaralanmali kazalarin tiim kazalara orant %32,8 olarak gergeklesmistir.
Kazalarin %38’1 yerlesim yeri i¢inde ve yerlesim yeri i¢inde olan kazalarin %98 yaralanmali
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olarak, yerlesim yeri i¢inde ve yaralanmali olan kazalarin tiim kazalara orani ise %37 olarak
gerceklesmistir. Kazalarin %32’°si giindiiz ve otomobilde meydana gelmistir. Bu kazalarin
%97’s1 yaralanmal1 olarak sonuclanmistir. Giindiiz B sinifi siirticii belgesi sahiplerinin karistigi
kaza oran1 %31,1 iken bu kazalarin %97’si yaralanmali olarak sonuglanmis ve tiim kazalar
icinde %30 kaza bu sekilde sonu¢lanmistir. Giindiiz ve egimsiz yollarda kazalarin %41,9’u bu
kazalarinda %97’si yaralanmali olarak meydana gelmistir. Diger kurallar incelendiginde B
smifi ehliyete sahip, otomobil kullanicilari, 25-50 yas araligindaki siirticiiler, diiz ve virajsiz
yollar, kdy yolunda meydana gelen kazalar, yoldan ¢ikma ve devrilme-savrulma-takla ile
olusan kazalar ve 6grenim durumu ilkégretim olan siiriiciilerin daha fazla kazaya karistiklar
gorulmektedir.

3.3.2017 Y1l

Jandarma bolgesinde 2017 yilinda gergeklesen 28.559 oliimlii ve yaralanmali kazaya karisan
38.684 siiriicliye ait veriler analiz edilmistir. Olusturulan kurallara (Ek-3) gore kazalarin
%33,4 1 hafif hasarli sekilde ve bu kazalarin %98’1 yaralanmali kaza olarak kayitlara gegmistir.
Hafif hasarli ve yaralanmali kazalarin tiim kazalara oranit %32,9 olarak gergeklesmistir.
Kazalarin %39,1°1 yerlesim yeri i¢inde ve yerlesim yeri i¢inde olan kazalarin %98’1 yaralanmali
olarak, yerlesim yeri i¢inde ve yaralanmali olan kazalarin tiim kazalara orani ise %38,2 olarak
gerceklesmistir. Kazalarin %42’si glindiiz ve egimsiz meydana gelmistir. Bu kazalarin %981
yaralanmal1 olarak sonuclanmistir. Giindiiz, diiz ve virajsiz yollarda meydana gelen kazalarin
orani %30,9 olurken bu kazalarin %97’si yaralanmali olarak sonuglanmis ve tiim kazalar i¢inde
%?30,2 kaza bu sekilde sonuglanmistir. Giindiiz ve B sinifi siiriicii belgesi sahiplerinin karistigi
kaza oran1 %32,8 iken bu kazalarin %97’si yaralanmali olarak sonuglanmig ve tiim kazalar
icinde %32 kaza bu sekilde sonuglanmigtir. Diger kurallar incelendiginde B simifi ehliyete
sahip, otomobil kullanicilari, 25-50 yas araligindaki siiriiciiler, diiz ve virajsiz yollar, kdy
yolunda meydana gelen kazalar, devrilme-savrulma-takla ile olusan kazalar daha sik meydana
geldigi goriilmektedir.

3.4.2018 Y1ih

Jandarma bolgesinde 2018 yilinda gergeklesen 29.676 oliimlii ve yaralanmali kazaya karisan
39.253 siiriicliye ait veriler analiz edilmistir. Olusturulan kurallara (Ek-4) gore kazalarin
%32,4’1i hafif hasarli sekilde ve bu kazalarin %98’1 yaralanmal1 kaza olarak kayitlara gecmistir.
Hafif hasarli ve yaralanmali kazalarin tiim kazalara orami %31,9 olarak ger¢eklesmistir.
Kazalarin %38,7’si yerlesim yeri i¢inde ve yerlesim yeri ig¢inde olan kazalarin %98’
yaralanmali olarak, yerlesim yeri i¢inde ve yaralanmali olan kazalarin tiim kazalara orani ise
%37,9 olarak gerceklesmistir. Kazalarin %32,6’s1 giindiiz ve otomobilde meydana gelmistir.
Bu kazalarin %98’1 yaralanmali olarak sonug¢lanmistir. Gilindiiz ve 25-50 yas arasindaki
stiriciilerin karistig1 kazalarin oran1 %40,5 olurken bu kazalarin %97’si yaralanmali olarak
sonuglanmis ve tlim kazalar icinde %39,4 kaza bu sekilde sonuglanmistir. Gilindiiz egimsiz
yollarda meydana gelen kaza oram1i %42 iken bu kazalarin %97’si yaralanmali olarak
sonuglanmis ve tiim kazalar icinde %40,9 kaza bu sekilde sonuglanmistir. Diger kurallar
incelendiginde B sinifi ehliyete sahip, otomobil kullanicilari, 25-50 yas araligindaki siiriiciiler,
diiz ve virajsiz yollar, koy yolunda ve yerlesim yeri disinda meydana gelen kazalar, devrilme-
savrulma-takla ile olusan kazalar daha stk meydana geldigi goriilmektedir.

3.5.2019 Y1l

Jandarma bolgesinde 2019 yilinda gerceklesen 26.704 6liimlii ve yaralanmali kazaya karisan
35.727 siiriicliye ait veriler analiz edilmistir. Olusturulan kurallara (Ek-5) gore kazalarin
%31,9’u hafif hasarli sekilde ve bu kazalarin %99’u yaralanmali kaza olarak kayitlara
geemistir. Hafif hasarli ve yaralanmali kazalarin tim kazalara oranmt %31,5 olarak
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gerceklesmistir. Kazalarin %39,1°1 yerlesim yeri i¢cinde ve yerlesim yeri i¢inde olan kazalarin
%98’1 yaralanmali olarak, yerlesim yeri i¢inde ve yaralanmali olan kazalarin tiim kazalara oran1
ise %38,5 olarak gerceklesmistir. Kazalarin %33,8°1 glindiiz ve otomobilde meydana gelmistir.
Bu kazalarin %98’i yaralanmali olarak sonuglanmistir. Benzer sekilde kazalarin %32,7’si
giindiiz ve B smifi ehliyete sahip siiriiciiler tarafindan gerceklestirilmis, bu kazalarin %98’
yaralanmal1 olarak sonu¢lanmistir. Giindiiz ve egimsiz yollarda meydana gelen kazalarin orani
%42,2 olurken bu kazalarin %98’si yaralanmali olarak sonug¢lanmis ve tiim kazalar iginde
%41,3 kaza bu sekilde sonuglanmistir. Giindiiz ve 25-50 yas arasindaki siiriiciilerin karistigi
kazalarin orani %39,9 olurken bu kazalarin %98’si yaralanmali olarak sonuglanmis ve tiim
kazalar i¢inde %39,1 kaza bu sekilde sonuclanmistir. Diger kurallar incelendiginde B sinifi
ehliyete sahip, otomobil kullanicilari, 25-50 yas araligindaki siiriictiler, giindiiz, diiz ve virajsiz
yollar, kdy yolunda ve yerlesim yeri disinda meydana gelen kazalar, yoldan ¢ikma ve devrilme-
savrulma-takla ile olusan kazalar daha stk meydana geldigi gortilmektedir.

4. Tartisma

Yillara gore kaza nedenleri incelendiginde degiskenlerin oranlarinda farkliliklar olmakla
birlikte genellikle ayni sonuglar alinmistir. 2015-2019 yillar1 arasinda kazalarin yaklasik %40°1
yerlesim yeri i¢inde ve bu kazalarin tamamina yakini yaralanmali olarak gergeklesmistir.
Yillara gore degiskenlik gostermekle birlikte genel olarak kazalarin yaklasik 3’te 1’1 glindiiz,
25-50 yas araligindaki siiriiclilerin kullandigi otomobillerde, egimsiz ve virajsiz yollarda
meydana geldigi goriilmektedir. Kazalarin meydana geldigi durumlarda degiskenlerin
genellikle ayni oldugu goriilmekte, bu degiskenlerin bir araya geldiginde kaza olma riski
artacagindan bu degiskenlerin bir araya gelmesini 6nleyecek tedbirler alinmalidir. Ornek olarak
egimsiz ve virajsiz yollarin giivenligi artiric1 dnlemlerle donatilmasi, siiriiciilerin dikkatini
cekecek uyart isaretlerinin konulmasi gibi adimlar alinabilir. Kazalarin sik yasandigi noktalara
0zel olarak calismalarin yapilmasi sonuglarin daha hizli alinacagi 6ngdriilmektedir.

Bu durum i¢in alinabilecek dnlemler; Yolun kullanim kapasitesine gore hiz sinir1 uygulamasi
yapilabilir, Egimsiz ve virajsiz yollar i¢in 6zel altyap1 gelistirebilir, Ileriye déniik olarak
kirsalda kullanilacak arag¢larin giiniimiiz yol giivenligi teknolojilerine sahip olmasi saglanabilir
ve en son olarak degisik zamanlarda degisik bolgelerde trafik denetmeleri yapilmasi olabilir.

5. Sonuclar

Sonug olarak 2015-2019 yillari arasinda meydana gelen 141.189 liimlii ve yaralanmali kazaya
karisan 188.859 kisinin verileri analiz edilmistir. Analiz sonucu bulunan birliktelik
kurallarindaki degiskenlerin bir araya geldigi durumlarda karayolu denetimlerinin artirilmast
yaralanmali ve 6liimlii kazalarin 6niine gegilebilmesi agisindan 6nemlidir. Kazalara karigan
stiriiciiler incelendiginde 25-50 yas araliginda erkek (kazaya karisan siiriiciilerin %56°s1)
otomobil kullanicist oldugu goériilmektedir. Trafik denetimlerinde 6zellikle bu grubun uzerine
yogunlagmak kazaya etken faktorlerin en basinda gelen siiriicli kaynakli kazalarin (kazalarin
yaklagik %90°1 siiriicii  hatasindan kaynaklanmaktadir) azaltilmasinda etkili olacagi
degerlendirilmektedir. Apriori algoritmasi veri seti boyutu ve kalitesi gibi sinirliliklar: olmakla
beraber anlamli sonuglar ¢ikarmasi agisindan kullanilmistir. Ara¢ teknolojisi ve yol giivenligi
artmasina ragmen Jandarma bolgesinde kayitlara gecen kazalarin veri madenciligi ile analiz
edilerek karar vericilerin kazalarin olus nedenleri hakkinda bilgi sahibi olmasi ve ileriye doniik
olarak gerekli onlemleri almasi saglanabilir. Bu tiir analizler, kazalarin hangi faktorlerden
kaynaklandigini belirlemek, potansiyel riskleri ortaya ¢ikarmak ve giivenlik 6nlemlerini daha
etkili bir sekilde yonlendirmek i¢in 6nemli bir aragtir.

Sonug olarak, veri analizine dayali bilgi, kazalarin 6nlenmesi ve trafik giivenliginin artirilmasi
konusunda karar vericilere rehberlik etmektedir. Karayolu denetimlerinin guglendirilmesi,
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stiriicii hatalarinin azaltilmasi, ara¢ teknolojisinin ve yol glivenliginin iyilestirilmesi gibi
onlemlerle kazalarin ve olas1 yaralanmalarin sayisinin azaltilmasi hedeflenmektedir.

Etik Kurul Onay Beyam

flgili ¢alismada insan veya hayvan katilimcilardan veri toplanmadig: igin etik kurul izni
gerekmemektedir.
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Ekler
Ek 1. 2015 Yilina Ait Birliktelik Kurallar1
Kurallar Oncul Guven Kuralin
Kisim Degeri Destek
Destek Degeri
Degeri
1. HASAR DERECESI=HAFIF HASAR ==> KAZA 0,345 0,98 0,339
TIPI=YARALAMALI
2. BOLGE=YERLESIM YERI ICI ==> KAZA TIPI=YARALAMALI 0,381 0,98 0,373
3. GUN DURUMU=GUNDUZ DUSEY 0,408 0,97 0,397
GEOMETRI=EGIMSIZ==>KAZA TIPI=YARALAMALI
4, GUN DURUMU=GUNDUZ ARAC CINSI=OTOMOBIL ==> KAZA 0,317 0,97 0,308
TIPI=YARALAMALI
5. DUSEY GEOMETRI=EGIMSIZ YAS=25-50 ==> KAZA 0,345 0,97 0,335
TIPI=YARALAMALI
6. BELGE SINIFI=B ==> KAZA TIPI=YARALAMALI 0,431 0,97 0,418
7. DUSEY GEOMETRI=EGIMSIZ ==> KAZA TIPI=YARALAMALI 0,595 0,97 0,577
8. YATAY GEOMETRI=DUZ YOL DUSEY GEOMETRI=EGIMSIZ 0,439 0,97 0,426
==> KAZA TIPI=YARALAMALI
9. GUN DURUMU=GUNDUZ YAS=25-50 ==> KAZA 0,406 0,97 0,393
TIPI=YARALAMALI
10. ARAC CINSI=OTOMOBIL ==> KAZA TIPI=YARALAMALI 0,466 0,97 0,452
11. GUN DURUMU=GUNDUZ YATAY GEOMETRI=DUZ YOL ==> 0,391 0,97 0,379
KAZA TIPI=YARALAMALI
12. YATAY GEOMETRI=DUZ YOL YAS=25-50 ==> KAZA 0,327 0,97 0,317
TIPI=YARALAMALI
13. YAS=25-50 ==> KAZA TIPI=YARALAMALI 0,582 0,97 0,562
14. GUN DURUMU=GUNDUZ ==> KAZA TIPI=YARALAMALI 0,704 0,97 0,679
15. YATAY GEOMETRI=DUZ YOL ==> KAZA TIPI=YARALAMALI 0,576 0,96 0,555
16. YOL SINIFI=KOY YOLU ==> KAZA TIPI=YARALAMALI 0,405 0,96 0,391
17. BOLGE=YERLESIM YERI DISI DUSEY GEOMETRI=EGIMSI 0,337 0,96 0,323
==> KAZA TIPI=YARALAMALI
18. BOLGE=YERLESIM YERI DISI YAS=25-50 ==> KAZA 0,377 0,96 0,361
TIPI=YARALAMALI
19. OGRENIM DURUMU=ILK ==> KAZA TIPI=YARALAMALI 0,336 0,96 0,322
20. BOLGE=YERLESIM YERI DISI GUN DURUMU=GUNDUZ ==> 0,431 0,96 0,412
KAZA TIPI=YARALAMALI
21. OLUS SEKLI 2=DEVRILME SAVRULMA TAKLA ==> KAZA 0,369 0,96 0,353
TIPI=YARALAMALI
22. DUSEY GEOMETRI=EGIMLI ==> KAZA TIPI=YARALAMALI 0,359 0,96 0,343
23. BOLGE=YERLESIM YERI DISI ==> KAZA TIPI=YARALAMALI 0,619 0,95 0,590

Trafik ve Ulasim Arastirmalan Dergisi



Onder ve Oncii | TUAD, 6(2), 143-158

Ek 2. 2016 Yilina Ait Birliktelik Kurallar1

155

Kurallar Onctl Guven Kuralin
Kisim Degeri Destek
Destek Degeri
Degeri
1. HASAR DERECESI=HAFIF HASAR ==> KAZA 0,335 0,98 0,328
TIPI=YARALAMALI
2. BOLGE=YERLESIM YERI ICI ==> KAZA TIPI=YARALAMALI 0,383 0,98 0,374
3. GUN DURUMU=GUNDUZ ARAC CINSI=OTOMOBIL ==> 0,320 0,97 0,311
KAZA TIPI=YARALAMALI
4. GUN DURUMU=GUNDUZ BELGE SINIFI=B ==> KAZA 0,311 0,97 0,303
TIPI=YARALAMALI
5. GUN DURUMU=GUNDUZ DUSEY GEOMETRI=EGIMSIZ ==> 0,419 0,97 0,408
KAZA TIPI= YARALAMALI
6. BELGE SINIFI=B ==> KAZA TIPI=YARALAMALI 0,437 0,97 0,425
7. ARAC CINSI=OTOMOBIL ==> KAZA TIPI=YARALAMALI 0,463 0,97 0,450
8. GUN DURUMU=GUNDUZ YAS=25-50 ==> KAZA 0,400 0,97 0,388
TIPI=YARALAMALI
9. DUSEY GEOMETRI=EGIMSIZ YAS=25-50 ==> KAZA 0,333 0,97 0,323
TIPI=YARALAMALI
10. DUSEY GEOMETRI=EGIMSIZ ==> KAZA 0,600 0,97 0,581
TIPI=YARALAMALI
11. YATAY GEOMETRI=DUZ YOL DUSEY 0,441 0,97 0,427
GEOMETRI=EGIMSIZ ==> KAZA TIPI= YARALAMALI
12. GUN DURUMU=GUNDUZ YATAY GEOMETRI=DUZ YOL ==> 0,402 0,97 0,389
KAZA TIPI= YARALAMALI
13. YAS=25-50 ==> KAZA TIPI=YARALAMALI 0,561 0,97 0,542
14. GUN DURUMU=GUNDUZ ==> KAZA TIPI=YARALAMALI 0,716 0,97 0,692
15. YATAY GEOMETRI=DUZ YOL YAS=25-50 ==> KAZA 0,317 0,97 0,306
TIPI=YARALAMALI
16. YOL SINIFI=KOY YOLU ==> KAZA TIPI=YARALAMALI 0,406 0,97 0,392
17. YATAY GEOMETRI=DUZ YOL ==> KAZA 0,578 0,96 0,557
TIPI=YARALAMALI
18. OLUS SEKLI 1=YOLDAN CIKMA ==> KAZA 0,314 0,96 0,301
TIPI=YARALAMALI
19. DUSEY GEOMETRI=EGIMLI ==> KAZA TIPI=YARALAMALI 0,351 0,96 0,337
20. BOLGE=YERLESIM YERI DISI DUSEY 0,339 0,96 0,325
GEOMETRI=EGIMSIZ ==> KAZA TIPI=YARALAMALI
21. BOLGE=YERLESIM YERI DISI YAS=25-50 ==> KAZA 0,361 0,96 0,346
TIPI=YARALAMALI
22. OGRENIM DURUMU=ILK ==> KAZA TIPI=YARALAMALI 0,325 0,96 0,312
23. BOLGE=YERLESIM YERI DISI GUN DURUMU=GUNDUZ ==> 0,441 0,96 0,422
KAZA TIPI=YARALAMALI
24. OLUS SEKLI 2=DEVRILME SAVRULMA TAKLA ==> KAZA 0,387 0,96 0,370
TIPI=YARALAMALI
25. BOLGE=YERLESIM YERI DISI => KAZA 0,617 0,96 0,590

TIPI=YARALAMALI
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Ek 3. 2017 Yilina Ait Birliktelik Kurallar1

156

Kurallar Onctl Guven Kurahn
Kisim Degeri Destek
Destek Degeri
Degeri
1. HASAR DERECESI=HAFIF HASAR ==> KAZA 0,334 0,98 0,329
TIPI=YARALAMALI
2. BOLGE=YERLESIM YERI ICI ==> KAZA TIPI=YARALAMALI 0,391 0,98 0,382
3. GUN DURUMU=GUNDUZ DUSEY GEOMETRI=EGIMSIZ ==> 0,420 0,98 0,409
KAZA TIPI=YARALAMALI
4. GUN DURUMU=GUNDUZ ARAC CINSI=OTOMOBIL ==> 0,324 0,98 0,316
KAZA TIPI=YARALAMALI
5. GUN DURUMU=GUNDUZ YATAY GEOMETRI=DUZ YOL 0,309 0,97 0,302
DUSEY GEOMETRI=EGIMSIZ ==> KAZA TIPI= YARALAMALI
6. GUN DURUMU=GUNDUZ BELGE SINIFI=B ==> KAZA 0,328 0,97 0,320
TIPI=YARALAMALI
7. DUSEY GEOMETRI=EGIMSIZ ==> KAZA 0,603 0,97 0,586
TIPI=YARALAMALI
8. BELGE SINIFI=B ARAC CINSI=OTOMOBIL ==> KAZA 0,310 0,97 0,302
TIPI=YARALAMALI
9. YATAY GEOMETRI=DUZ YOL DUSEY GEOMETRI=EGIMSIZ 0,452 0,97 0,439
==> KAZA TIPI= YARALAMALI
10. DUSEY GEOMETRI=EGIMSIZ YAS=25-50 ==> KAZA 0,333 0,97 0,324
TIPI=YARALAMALI
11. GUN DURUMU=GUNDUZ YAS=25-50 ==> KAZA 0,401 0,97 0,389
TIPI=YARALAMALI
12. GUN DURUMU=GUNDUZ YATAY GEOMETRI=DUZ YOL ==> 0,405 0,97 0,393
KAZA TIPI=YARALAMALI
13. ARAC CINSI=OTOMOBIL ==> KAZA TIPI=YARALAMALI 0,470 0,97 0,456
14. BELGE SINIFI=B ==> KAZA TIPI=YARALAMALI 0,459 0,97 0,446
15. GUN DURUMU=GUNDUZ ==> KAZA TIPI=YARALAMALI 0,714 0,97 0,693
16. YOL SINIFI=KOY YOLU ==> KAZA TIPI=YARALAMALI 0,399 0,97 0,387
17. YATAY GEOMETRI=DUZ YOL ==> KAZA 0,585 0,97 0,566
TIPI=YARALAMALI
18. YAS=25-50 ==> KAZA TIPI=YARALAMALI 0,563 0,97 0,545
19. YATAY GEOMETRI=DUZ YOL YAS=25-50 ==> KAZA 0,321 0,97 0,311
TIPI=YARALAMALI
20. BOLGE=YERLESIM YERI DISI DUSEY 0,337 0,97 0,325
GEOMETRI=EGIMSIZ ==> KAZA TIPI=YARALAMALI
21. BOLGE=YERLESIM YERI DISI GUN DURUMU=GUNDUZ ==> 0,433 0,96 0,417
KAZA TIPI=YARALAMALI
22. BOLGE=YERLESIM YERI DISI YAS=25-50 ==> KAZA 0,359 0,96 0,345
TIPI=YARALAMALI
23. OLUS SEKLI 2=DEVRILME SAVRULMA TAKLA ==> KAZA 0,381 0,96 0,366
TIPI=YARALAMALI
24, BOLGE=YERLESIM YERI DISI ==> KAZA 0,609 0,96 0,585
TIPI=YARALAMALI
25. DUSEY GEOMETRI=EGIMLI ==> KAZA TIPI=YARALAMALI 0,346 0,96 0,333
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Kurallar Onctl Guven Kurahn
Kisim Degeri Destek
Destek Degeri
Degeri
1. HASAR DERECESI=HAFIF HASAR ==> KAZA 0,324 0,98 0,319
TIPI=YARALAMALI
2. YERLESIM YERI=YERLESIM YERI ICI ==> KAZA 0,387 0,98 0,379
TIPI=YARALAMALI
3. GUN DURUMU=GUNDUZ ARACIN CINSI=OTOMOBIL ==> 0,326 0,98 0,318
KAZA TIPI=YARALAMALI
4,  OLUS  SEKLI = BELIRTILMEMIS ==> KAZA 0,376 0,97 0,367
TIPI=YARALAMALI
5. GUN DURUMU=GUNDUZ YASI=25-50 ==> KAZA 0,405 0,97 0,394
TIPI=YARALAMALI
6. GUN DURUMU=GUNDUZ DUSEY GEOMETRI=EGIMSIZ ==> 0,420 0,97 0,409
KAZA TIPI=YARALAMALI
7. DUSEY GEOMETRI=EGIMSIZ YASI=25-50 ==> KAZA 0,338 0,97 0,329
TIPI=YARALAMALI
8. GUN DURUMU=GUNDUZ BELGE SINIFI=B-OTOMOBIL ==> 0,314 0,97 0,306
KAZA TIPI=YARALAMALI
9. ARACIN CINSI=OTOMOBIL ==> KAZA TIPI=YARALAMALI 0,471 0,97 0,458
10. BELGE SINIFI=B-OTOMOBIL ==> KAZA 0,436 0,97 0,424
TIPI=YARALAMALI
11. YASI=25-50 ==> KAZA TIPI=YARALAMALI 0,569 0,97 0,552
12. DUSEY GEOMETRI=EGIMSIZ => KAZA 0,597 0,97 0,579
TIPI=YARALAMALI
13. GUN DURUMU=GUNDUZ YATAY GEOMETRI=DUZ YOL ==> 0,393 0,97 0,381
KAZA TIPI=YARALAMALI
14. YATAY GEOMETRI=DUZ YOL YASI=25-50 ==> KAZA 0,318 0,97 0,308
TIPI=YARALAMALI
15. YATAY GEOMETRI=DUZ YOL DUSEY 0,435 0,97 0,421
GEOMETRI=EGIMSIZ ==> KAZA TIPI=YARALAMALI
16. GUN DURUMU=GUNDUZ ==> KAZA TIPI=YARALAMALI 0,718 0,97 0,696
17. YATAY GEOMETRI=DUZ YOL ==> KAZA 0,565 0,97 0,547
TIPI=YARALAMALI
18. YOL SINIFI=KOY YOLU ==> KAZA TIPI=YARALAMALI 0,412 0,97 0,398
19. YERLESIM YERI=YERLESIM YERI DISI YASI=25-50 ==> 0,360 0,96 0,347
KAZA TIPI=YARALAMALI
20. DUSEY GEOMETRI=EGIMLI ==> KAZA TIPI=YARALAMALI 0,353 0,96 0,340
21.  YERLESIM YERI=YERLESIM YERI DISI GUN 0,440 0,96 0,423
DURUMU=GUNDUZ ==> KAZA TIPI=YARALAMALI
22.  YERLESIM YERI=YERLESIM YERI DISI DUSEY 0,333 0,96 0,320
GZR=EGIMSIZ ==> KAZA TIPI=YARALAMALI
23. YERLESIM YERI=YERLESIM YERI DISI ==> KAZA 0,613 0,96 0,588
TIPI=YARALAMALI
24. OLUS SEKLI 2=DEVRILME/SAVRULMA/ TAKLA ==> KAZA 0,343 0,96 0,328

TIPI=YARALAMALI
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Kurallar Onctl Guven Kurahn
Kisim Degeri Destek
Destek Degeri
Degeri
1. HASAR DERECESI=HAFIF HASAR ==> KAZA 0,319 0,99 0,315
TIPI=YARALAMALI
2. YERLESIM YERI=YERLESIM YERI ICI ==> KAZA 0,391 0,98 0,385
TIPI=YARALAMALI
3. GUN DURUMU=GUNDUZ ARACIN CINSI=OTOMOBIL ==> 0,338 0,98 0,331
KAZA TIPI=YARALAMALI
4. GUN DURUMU=GUNDUZ BELGE SINIFI=B-OTOMOBIL ==> 0,327 0,98 0,320
KAZA TIPI=YARALAMALI
5. OLUS SEKLI 2=BELIRTILMEMIS ==> KAZA 0,391 0,98 0,383
TIPI=YARALAMALI
6. GUN DURUMU=GUNDUZ DUSEY GEOMETRI=EGIMSIZ ==> 0,422 0,98 0,413
KAZA TIPI=YARALAMALI
7. GUN DURUMU=GUNDUZ YASI=25-50 ==> KAZA 0,399 0,98 0,391
TIPI=YARALAMALI
8. GUN DURUMU=GUNDUZ YATAY GEOMETRI =DUZ YOL ==> 0,394 0,98 0,386
KAZA TIPI=YARALAMALI
9. DUSEY GEOMETRI =EGIMSIZ YASI=25-50 ==> KAZA 0,335 0,98 0,328
TIPI=YARALAMALI
10. ARACIN CINSI=OTOMOBIL ==> KAZA TIPI=YARALAMALI 0,483 0,98 0,472
11. YATAY GEOMETRI =DUZ YOL YASI=25-50 ==> KAZA 0,315 0,98 0,308
TIPI=YARALAMALI
12. BELGE SINIFI=B-OTOMOBIL ==> KAZA 0,455 0,98 0,444
TIPI=YARALAMALI
13. YATAY GEOMETRI =DUZ YOL DUSEY GEOMETRI 0,442 0,98 0,432
=EGIMSIZ ==> KAZA TIPI=YARALAMALI
14. DUSEY GEOMETRI =EGIMSIZ => KAZA 0,599 0,98 0,584
TIPI=YARALAMALI
15. GUN DURUMU=GUNDUZ ==> KAZA TIPI=YARALAMALI 0,721 0,98 0,703
16. YASI=25-50 ==> KAZA TIPI=YARALAMALI 0,561 0,98 0,547
17. YATAY GEOMETRI =DUzZz YOL ==> KAZA 0,570 0,98 0,556
TIPI=YARALAMALI
18. YOL SINIFI=KOY YOLU ==> KAZA TIPI=YARALAMALI 0,409 0,97 0,399
19. DUSEY GEOMETRI =EGIMLI ==> KAZA TIPI=YARALAMALI 0,355 0,97 0,345
20. YERLESIM YERI=YERLESIM YERI DISI ARACIN 0,315 0,97 0,306
CINSI=OTOMOBIL ==> KAZA TIPI=YARALAMALI
21. YERLESIM YERI=YERLESIM YERI DISI GUN 0,434 0,97 0,421
DURUMU=GUNDUZ ==> KAZA TIPI=YARALAMALI
22. YERLESIM YERI=YERLESIM YERI DISI YASI=25-50 ==> 0,353 0,97 0,343
KAZA TIPI=YARALAMALI
23. YERLESIM YERI=YERLESIM YERI DISI DUSEY GEOMETRI 0,331 0,97 0,320
=EGIMSIZ ==> KAZA TIPI=YARALAMALI
24, OLUS SEKLI 1=YOLDAN CIKMA ==> KAZA 0,310 0,97 0,300
TIPI=YARALAMALI
25. YERLESIM YERI=YERLESIM YERI DISI ==> KAZA 0,609 0,97 0,589
TIPI=YARALAMALI
26. OLUS SEKLI 2=DEVRILME/SAVRULMA/TAKLA ==> KAZA 0,337 0,96 0,325

TIPI=YARALAMALI
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