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AN ANALYSIS OF PEDESTRIAN WAITING TIME AT UNCONTROLLED
CROSSWALKS USING DISCRETE CHOICE MODEL

SUMMARY

Pedestrians are vulnerable road users of the traffic system. An uncontrolled mid-block
crosswalk is a conflict area between pedestrians and vehicles where is the high-risk
area for pedestrians. Pedestrian crossing behavior is analyzed to improve their safety
while crossing the street and the provision of appropriate pedestrian facilities in the
area. A study of pedestrians crossing behavior is conducted at an uncontrolled mid-
block crosswalk in Istanbul-Turkey to model the pedestrians waiting time which is
related to their behavior for making the crossing decision. This thesis focused on the
issues encountered in the modeling of the operational behavior of pedestrians. Data
are gathered by video recording from the pedestrians who did not know that the camera

was recording their behavior.

A comprehensive literature review is conducted for various parameters of pedestrians
crossing behavior to decide for crossing the street. Most of these parameters and some
additional parameters which are about the traffic characteristics and pedestrians
characteristics are studied. Pedestrians waiting time and other related factors to their
waiting time are extracted from the video recording of 618 pedestrians behaviors and
the traffic stream. The results of both the Kruskal-Wallis H test and Mann-Whitney
test show that the pedestrians age can be classified into two groups, which do not come
from the same population includes the elderly or young pedestrians. Also, the result of
these tests presents that gender can be classified into two groups including males and
females. The number of rejected vehicles by each pedestrian and the number of
pedestrians start waiting at the same time at the curbside to cross the street is counted.
Moreover, the average headway (the time between the front bumper of one vehicle and

the front bumper of the next) of rejected vehicles by pedestrians is determined.

The discrete choice framework is used because of its capacity to deal with individuals'

choice behavior. Pedestrians waiting time is classified into three levels that include

XVii



low, medium and high levels based on the level of service of pedestrians waiting time.
The results of the model show that males do not prefer to have a high level of waiting
time compared to females. Also, the probability of waiting time to be at the high level
for the elderly pedestrians is higher than low level and the probability of being at the
medium level of waiting time is more than being at the high level. The probability of
waiting time to be at the high level is less than low and medium levels if the number
of pedestrians who start waiting at the same time at the curbside to cross the street
increases. Also, the higher the number of rejected vehicles by the pedestrians, the
higher the probability of waiting time to be at a high level compared to the low and
medium level. Furthermore, it is found that as much as the average of rejected vehicles
which in this study, is assumed equal to 0 for pedestrians whose waiting time is 0 and
for other pedestrians is from 1.25s to 5.01s is higher for the the pedestrian, the
probability of waiting time at the high level increases compared to the low and medium

level..

By knowing the results of this study, the urban transport planners and engineers can
have a better understanding of pedestrians behavior, create proper design guidelines

and inform policy decisions.
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AYRIK SECIM MODELI KULLANILARAK KONTROLSUZ YAYA
GECITLERINDE YAYA BEKLEME SURESININ INCELENMESI

OZET

Yayalar trafik diizeninin savunmasiz yol kullanicilaridir. Kontrolsiiz yaya ge¢idi,
yayalar i¢in yiiksek risk tasir ve ayn1 zamanda yayalar ve tasitlar arasindaki bir kesisim
bolgesidir. Yaya gecidindeki yaya hareketleri, caddeyi gecerken ve bdlgedeki uygun
yaya olanaklarinin saglanmasi ve gilivenliginin arttirilmasi amaciyla analiz edilir.
Yayalarin gecisi ile ilgili olarak yayalarin bekleme siirelerini modellemek igin
Istanbul-Tiirkiye'de kontrolsiiz bir yaya gecidinde yaya gegisi davramslar

incelenmistir.

Bu tez, yayalarin halihazirda davraniglarinin modellenmesinde karsilagilan sorunlara
odaklanmustir. Veriler, Istanbul'da yer alan Aytar Caddesi'ndeki kontrolsiiz bir yaya
gecidinde, davraniglarinin kaydedildigini bilmeyen yayalari ¢eken kamera tarafindan
kaydedildi. Kayit, normal bir is giiniinde on iki saat boyunca yapildi. Kontrolsiiz yaya
gecidindeki yayalarin ve trafik 6zelliklerinin, yayalarin gecis davraniglarini analiz

ettigi goriilmektedir.

Caddeyi gecmeye karar vermek ile ilgili yaya gecis davranislarinin gesitli
parametreleri i¢in kapsamli bir literatiir taramasi gerceklestirilmistir. Arastirma
kapsaminda literatiirde karsilagilan parametrelerin ¢ogu, trafigin Ozellikleri ve
yayalarin 6zellikleri olan bazi ek parametreler de incelenmistir. Yaya bekleme suresi
degiskeni bagimli ile bes bagimsiz degisken analiz edilerek 618 yayanin davranislari
incelenmistir.Yayalar cinsiyetleri acisindan Kruskal Testi’'nde ve Mann-Whitney U
Test’te degerlendirildiklerinde, erkeklerin ve kadinlarin ayni toplumdan olmadigi
belirlenmistir. Yayalarin yas1 bu testlerde iki gruba ayrilarak incelenmis ve dogrulugu
test tarafindan onaylanmigtir. Bu gruplardan biri ayni toplumdan gelmeyen (ayni tip
yaya davranisinda bulunmayan) yash olmayan ve diger grup ise yash yayalari

icermektedir. 618 yayanin Ozellikleri gozlemlendiginde, yayalarin cinsiyetlerinin
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yaglarmin bekleme siresiyle iliskili oldugu belirlenmistir. Bu gozlemde 359 yaya
erkek, 259 yaya kadin olarak bulunmaktadir. Yayalarin yasi, goriiniimleriyle dogru
orantili olarak tahmin edilmistir. Cinsiyet, yas parametrelerinin yani sira yayalarin
bekleme siiresince cep telefonu kullanip kullanmama durumlar1 da degerlendirilmistir.
Kruskal testine gore bekleme suresince cep telefonu kullanan ve kullanmayan yayalar
ayni toplumda (ayni tip yaya davranigi gosteren) bulunmaktadir. Bu nedenle cep
telefonu kullanma durumu ayrik se¢im modeli igerisinde degerlendirilmemistir. Diger
degiskenler ise siiriiciiniin yaya gecidinde bekleyen yaya gordiigiinde hizini azaltip
azalmama durumu, yayalarin yaya gecgidinden gegerken izledigi yolun diiz ya da
capraz sekilde olmast durumu, yaya gecidinden gegerken yayalarin elinde bir seyler
tagimasi ya da tasimamasi durumu ve yaya gecidinin bulundugu alanda park halinde
olan araglarin bulunup bulunmamasi durumudur. Bu degiskenler Kruskal Testi’'nde ve
Mann-Whitney U Test’te degerlendirildiginde, modelde degisken olarak

kullanilamayacagi tespit edilmistir.

Yayalarin yaya gecidinde beklerken, karsidan karsiya gecmeye karar verme siiresinde
yaya gecidini heniiz ge¢mis tasitin arkasi ile yaya geg¢idini heniiz gegmemis tasitin 6n
kismi1 arasinda kalan zamana bosluk denmektedir. S6z konusu bu degisken modelde
kullanilmamustir. Ciinkii yayalarin bekleme siiresi ile arasinda bulunan kolerasyon

pozitif olarak bulunmusgtur. Bulunan bu pozitif kolerasyon beklenmeyen bir sonugtur.

Yapilan gozlemler sirasinda belirlenmis olan unsurlardan biri de yaya gecidinden
geemek i¢in ayn1 anda beklemeye baslayan yaya sayisidir. Bu parametrenin
kolerasyonu modelde kullanmak i¢in uygun oldugundan, modelde bir unsur olarak
kullanilmistir. Yayalarin yaya gegidinde beklerken, karsidan karsiya gegmeye karar
verme siiresinde yaya gecidini heniiz ge¢mis tasitin Onu ile yaya gecidini henlz
gecmemis tasitin 6n kismu arasinda kalan zamana headway denmektedir. Yaya
gecidini gecmek icin bekleyen yayalarin, yaya gecidinde bekledigi siirede gecen
tagitlarin headwaylarinin ortalama degeri de ayr1 bir unsur olarak modelde
kullanmilmistir. Yaya geg¢idinde bekleme siiresi sifir olan yayalar i¢in bu unsur sifir
olarak degerlendirilmistir. Modelde kulllanilmis olan diger bir unsur da yaya gecidinde
bekleyen yayalarin, bekledigi siire igerisinde gegen arag sayisidir. Bekleme stiresi sifir

olan yayalarin bu unsur degerleri de sifirdir.

Ayrik secim modeli bireylerin se¢cim davraniglarinin degerlendirilmesi amaciyla

kullanilmistir. Yayalar bekleme siireleri diisiik, orta ve yiiksek seviyeleri igeren iic
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seviyeye ayrilir. Ayrik bir secim modeli kullanmak igin, siirekli veri olan bekleme
sliresi ayr1 verilere doniistiriliir. Veriler, her biri i¢in esik degerleri belirleyerek uc
seviyeye ayrilir. Bu ii¢ seviye, yayalarin bekleme siiresi i¢in hizmet seviyesi olan A,

B ve C'den F’¢ kadar olan diistik, orta ve yuksek bekleme sureleridir.

Modelin sonuglari, erkeklerin kadinlara gore daha fazla sure beklemeyi tercih
etmedigini gostermektedir. Yaslh insanlarin bekleme siirelerinin yuksek seviyede olma
ihtimali distik seviyede olma ihtimalindenden daha yiiksektir. Yine yaslh insanlarin
bekleme surelerinin orta seviyede olma ihtimali yuksek seviyede olma ihtimalinden
daha yulksektir. Ayn1 anda yaya gecidinde bekleyen yaya sayisi arttikca bekleme
stiresinin diigiik ve orta seviyede olmasi itimali yliksek seviyede olmasi ihtimalinden
daha yiksek olur. Yaya gecidinde yaya beklerken gegen tasitlarin headwaylerinin
ortalamasi ne kadar yiiksek ise yaya ge¢idinde yaya bekleme siiresi seviyesinin yiiksek
olma ihitmali diisiik ve orta olmasi ihtimalinden daha diisiiktiir. Diger bir sonug ise
yaya gecidinde yaya beklerken gecen arag sayisi ne kadar yiksek ise yaya gecidinde
yayalarin bekleme siiresinin yiiksek olmasi ihtimali orta ve diisiik olmasi ihtimalinden

daha yuksektir.

Bu calismanin sonuglarinin yukarida bahsedilen kisimlari bilindiginden, ulasim
planlamacilari ve miihendisleri yayalarin davraniglarin1 daha iyi anlayabilir, uygun
tasarim ilkeleri olusturabilir ve sehir planlamada yaya ulasimi i¢in gerekli stratejiler

olusturmada bilgi verebilirler.
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1. INTRODUCTION

In recent decades, new rules and policies for pedestrians walking have been set up in
many countries to consider it as a transportation mode. By this way, the pedestrians
motivation to walk might be increased. These rules and policies can decrease the use
of private vehicles, and it helps sought to reduce traffic and pollution in cities.
Moreover, increasing pedestrian walking might reduce obesity in the communities that

leads to increasing people’s health.

The pedestrian has the least delay compared to other modes. However, in the
metropolitan cities of developing countries, they received low levels of priority.
Especially, as the number of trips made by motorized vehicles increases, the risk of
the involvement of pedestrians in accidents increases. Therefore, they are vulnerable
users of the traffic system (Keegan and O’Mahony, 2003; Tiwari et al., 2007; Ishaque
and Noland, 2008). In 2010, pedestrians accounted for 21.9% of 1850 fatalities on
roadways in the UK, and 46% of 126 deaths in road accidents were pedestrians in
London. Globally, 22% of road fatalities were pedestrians in 2010 (World Health
Organization, 2013).

The pedestrian behavior is examined in different fields such as urban planning,
architecture, land use and even marketing (Okazaki and Matsushita, 1993; Parker et
al., 2003). The studies on pedestrians behavior are related to the analysis of perceptual,
attitudinal, psychological and motivational factors; all of them are factors related to
different attributes of human beings (Bernhoft and Carstensen, 2008; Moyano Diaz,
2002; Evans and Norman, 1998). Eventually, analyzing the pedestrians behavior can
help reduce the number of accidents that involve pedestrians in urban areas and

increase their safety level (Lassarre et al., 2007).

Studying on the pedestrians waiting time which is directly related to both the
pedestrian decision for starting to cross and their safety while the crossing the road is
a significant issue. Pedestrians detect the traffic; consider different factors, which

affect their decision to cross the street. (Lee et al. , 1984; Oudejans et al., 1996).



In this thesis, the waiting time of pedestrians is analyzed by discrete choice analysis to
determine the effect of different factors on pedestrians crossing behavior accurately.
The study area is a mid-block crosswalk at an uncontrolled location. The uncontrolled
crosswalk is an interaction area between pedestrians and vehicles that can be a
dangerous place and threaten their safety because of the high probability of accidents
that can occur at this type of crosswalk. Also, traffic control devices that can improve
safety are not in place or operation to dictate pedestrian movements at these types of

crosswalks.

This thesis consists of five chapters. The first chapter is the introduction, which
includes motivation, objectives, and organization of the thesis. In Chapter 2, a
literature study is presented. In Chapter 3, some information about the data, data
collection approach and analysis of data are presented. In Chapter 4, the model
literature, which includes some information about the method, is given. Also the
estimated model, its results and discussions about the results are presented. Finally,

the conclusion and a summary of the findings are given in Chapter 5.



2. LITERATURE REVIEW

When the pedestrians arrive at a crosswalk, there are different factors, which affect
their decision for crossing the street. They check the traffic stream to find an acceptable
gap between vehicles to cross. When pedestrians reject more gaps, their waiting time
increases at the curbside. Two major crossing patterns of pedestrians are one-step
crossing (pedestrians cross the street without waiting near the median) and two-step
crossing (pedestrians cross up to the median in one go and subsequently cross the far
-side). Far-side is the other side of the street. When pedestrians cross the street in a
straight path, it is called perpendicular crossing, while oblique crossing is the crossing
in which pedestrians cross the street in a zig-zag manner. The mixed crossing is the
combination of both oblique and perpendicular types of crossing (i.e., pedestrian
crosses first half of the street in a straight path up to the median and the next half the
pedestrian crosses in a zigzag manner and vice versa) (Asaithambi et al., 2016). In
Figure 2.1, this classification is depicted. Figure 2.1a presents the classification of
crossing according to the steps, and Figure 2.1b shows the path in part a and b,

respectively.

‘ Oblique crossing
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Figure 2.1: Classification of crossing (a) according to the steps (b) according to the
path (Asaithambi et al., 2016).



The crosswalks are classified into two types as at-grade crosswalks and grade
separated crosswalks. Figure 2.2 shows a further classification of these crosswalks.

At-grade Grade-separated

Controlled Uncontrolled

Intersection

Figure 2.2: The classification of crosswalks (Mitman et al., 2010).

At at-grade crosswalks, the pedestrians crossing the road and vehicles on the road are
at the same level (Mitman et al., 2010). Depending on the traffic control elements,
there are two types of at-grade crossings: controlled and uncontrolled. In controlled
crosswalks, there is the traffic signal to manage the traffic on the street. On the other
hand, in the uncontrolled crosswalks, the crosswalk is displayed by pavement
markings; however, there are no traffic signals (Mitman et al., 2010). Uncontrolled
crosswalks also have two different types, which are mid-block and intersection
crossings. Mid-block crosswalks are located between intersections, and they usually
have pavement markings. Whereas, crosswalks at intersections may be marked or
unmarked (Mitman et al., 2010). At grade-separated crosswalks, the pedestrian crosses
the road at the different grade from the vehicles. These crosswalks can be in various



forms such as pedestrian underpasses or footpaths across the road (Mitman et al.,
2010).

The near-side is the side that the right turning vehicles can conflict with pedestrians
and the pedestrians whose origin is the near-side is called near-side pedestrians. The
near-side and far-side pedestrians at an intersection crosswalk are shown in Figure 2.3

as point A and B, respectively.

u:’ R:.'l'n-:L.m/g
vehiclkes
_’_ ==} 7

Near-side

Figure 2.3: Near-side and far-side pedestrians at an intersection crosswalk (Iryo-
Asano and Alhajyaseen, 2014).

The near-side pedestrians can pass through the conflict area (where paths of
pedestrians and vehicles overlap) in the first half of crossing. Hence, the necessary
clearance time for them is the time required to go through half of the crosswalk in this
case (Iryo-Asano and Alhajyaseen, 2014). The pedestrians whose origin is the far-side
is called far-side pedestrians, and they need to complete crossing to pass the conflict
area. Consequently, they need sufficient clearance time to cross the entire crosswalk

(Iryo-Asano and Alhajyaseen, 2014).

Regardless of the crosswalk type, the crossing behavior of pedestrians follows a
pattern with three distinct levels. These levels are strategic, tactical and operational
levels (Ishaque et al., 2008). The strategic level occurs before the pedestrians reach the
crosswalk and it is mostly related to the decision to walk. At this level, the pedestrians
choose to or not to walk depending on the activity they want to fulfill. This level is not

directly related to the crossing action, but it indirectly paves the way for it. At the



tactical level, the pedestrian makes short-term decisions about the priority of activities,
where the activities are and choosing the right route to reach the activities (Ishaque et
al., 2008). There is a two-way relation between the first and second level. Because the
decision made at the tactical level is related to the decision made at the strategic level
and it has an impact on it (Ishaque et al., 2008). For example, the mode choice is the
strategic choice. This choice is related to the tactical level, which designates the
crossing speed on the street or even taking the risk of crossing at an uncontrolled or

signalized intersection.

At the operational level, the path planning from the present location to the next activity
location is performed. The destination at the operational level is determined, and it is
affected by the activity at the tactical level. At the operational level, the pedestrian
decisions can be studied concerning two aspects. The first one is the behavioral aspect
and the second one is the engineering aspect. The behavioral aspect focuses on the
pedestrians decisional behavior for crossing, their variation in their speed and the
effect of other pedestrians (Ishaque et al., 2008). The engineering aspect considers
issues such as the effect of traffic control measures on pedestrian behavior. The
immediate decision to cross is made at the operational level. This decision is related
to the characteristics of the pedestrian such as the walking speed that can be low or

fast. Figure 2.4 presents the pedestrian behavior levels.

Strategic:
Activity set choice

Tactical:
Activity scheduling
Activity area choice

Route choice

Operational:
Walking
Waiting
Performing an activity
Interaction with public transport

Figure 2.4: Pedestrian behavior levels (Ishaque et al., 2008).



The operational level is affected by the strategic and tactical levels, which the decisions
are made. For instance, when time-saving is essential, a pedestrian could decide to
walk faster; the decision made at the operational level. In this context, the choice to
walk decision is a strategic level decision, and the route choice is a decision at the

tactical level (Ishaque et al., 2008).

In the literature, some studies have provided essential information about the effect of
pedestrian demographic characteristics such as gender and age on the behavior while
crossing the road. These studies generally focused on the effect of pedestrians
properties on their road crossing decision by considering the speed or distance of
vehicles and other important factors, which are presented here chronologically.

Oxley et al. (1997) focused on the elderly pedestrians to understand that whether they
because of declines in their physical and perceptual abilities, are more vulnerable to
crashes or not. They used video recording to observe the pedestrians road crossing
behavior at several urban locations. The average kerb delays (the time interval between
the back of the last vehicle passed the pedestrian and the pedestrian's start to cross) of
young and the elderly pedestrians were measured. Also, the gap acceptance (the
distance of a near-side oncoming vehicle from a pedestrian at the time of the first step
forward to cross the road) of young and the elderly pedestrians on one-way and the
two-way roads were found. Table 2.1 shows the result of their study for the elderly

and young pedestrians.

Table 2.1: The average kerb delay and gap acceptance of young and the elderly
pedestrians on one-way and two-way roads (Oxley et al., 1997).

One-way roads Two-way roads
Age Average kerb  Gap acceptance  Average kerb  Gap acceptance
delay (s) (m) delay (s) (m)
Elderly -0.10 134.10 -0.87 69.10
Young -0.11 119.20 -0.05 51.30

The results of this study indicated that on one-way roads, the elderly pedestrians’
crossing behavior is similar to the young counterparts and it is considerably safer than
their crossing on the two-way roads. Moreover, the results showed that the age-related
perceptual deficits are an important factor which increases the risk of involving in an

accident.



In a study by Hamed (2001), pedestrian crossing behavior models at mid-block
crosswalks on undivided and divided roads at Amman, Jordan were estimated. It was
revealed that the pedestrian waiting time has an impact on the number of attempts
needed to cross the street successfully. Also, the results show that pedestrians have
different behaviors while crossing the road from one side to the middle part and from
the middle section to the other side on undivided roads. On divided roads, male
pedestrians are 1.35 times more likely to have a less waiting time for crossing from
one side to the refuge than females. Also, males are 3.105 times more likely to have
less waiting time than females for crossing from the refuge to the other side of the
street.

In the study by Oxley et al. (2005), simulated road crossing task was used to study the
effects of some factors on pedestrians crossing decision that was related to time gap
(the time interval between the pedestrians who want to start to cross the street and the
upstream vehicle arriving in the first lane and has not been crossed in front of the
pedestrian). Pedestrians crossing decisions were analyzed and the impact of the age,
time gap, speed of vehicles, distance of the oncoming vehicle and walking time is
studied. Results showed that pedestrian crossing decision was mostly affected by the
distance of the oncoming vehicle. Furthermore, elderly pedestrians did not choose the
proper time gap compared to young pedestrians. These results show the importance of
the time gap in the pedestrian crossing choice behavior and the effect of age on
choosing the time gap. The proportion of yes responses (accept) to cross the street as
a function of age group, distance gap, vehicle speed, and time gap is shown in Figure
2.5, Figure 2.6 and Figure 2.7 for three different age groups including young, young-

old and old-old groups, respectively.
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Figure 2.5: The proportion of yes responses of the young group in different
situations (Oxley et al., 2005).

The responses of the elderly participants were more affected by both the time gap and
distance factors. For instance, when the distance is increased, the response rate rose
from 44.4 m to 88.9 m and from 77 m to 155.6 m, and vehicle speed increased from
40 km/h to 80 km/h, despite time gaps being constant at 4 s and 7 s, respectively.
However, response rates also increased when time gaps increased from 4 s to 7 s and

stayed at asymptote.
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Figure 2.6: The proportion of yes responses of the young-old group in different
situations (Oxley et al., 2005).



They found that even when old—old adults had adequate time to process the time gap
of oncoming vehicles, but many of them based on vehicle distance, made unsafe

crossing decisions.
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Figure 2.7: The proportion of yes responses of the old-old group in different
situations (Oxley et al., 2005).

In a study by Ishaque and Noland (2008), pedestrians crossing behavior and their
choice of speed at the micro-scale were focused. It was shown that pedestrian choice
of speed was related to the risk of the specific situation, individual capabilities, and
value of time. By making pavement surfaces smoother and safer for elderly
pedestrians, their capability can be improved. The pedestrian capability interacts with
the risk associated with traffic. When the risk of the accident reduces, the delay due to
the risk avoidance will decrease which leads to having less travel time. By increasing
pedestrian signal cycle times and slowing traffic, the older people tend to wait for
longer gaps in traffic. The pedestrian who has a higher value of time, have higher
speeds, especially during peak hours. Moreover, the risk-taker pedestrians have higher
crossing speed than other pedestrians. Also, the decision-making process was
formalized by specifying the choice of speed (S) based on the capabilities of the
pedestrian (C), their value of time (V), and the potential risk (R) as shown in equation
(2.2).
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S=f(CV,R) (2.1)

Bernhoft and Carstensen (2008) focused on comparing the behavior and preferences
of the elderly pedestrians with the group of people aged 40—49 in cities. It was found
that elderly pedestrians appreciate pedestrian crossings and signalized intersections
more than the younger pedestrians. Figure 2.8 shows the behavior of young and elderly

pedestrians in various traffic situations.
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Figure 2.8: Young and elderly pedestrians’ behavior in various traffic situations
(Bernhoft and Carstensen, 2008).

When the road is without the facilities, the elderly pedestrians feel that it is dangerous
to cross the road. This behavior difference can be related to differences in physical
abilities and health rather than to differences in age and gender.

The proportion of the elderly pedestrians is more than the proportion of young
pedestrians for cases of always deciding to walk up to a pedestrian crossing if they can
see one, never crossing at a red light and never returning in a non-signalized crossing
as presented in Figure 2.8. Hence, elderly pedestrians have more cautious behavior.
In a study by Jamil et al. (2015), the pedestrian crossing choice models according to
road, traffic and human factors were studied. The results showed that the pedestrian
crossing choice was significantly affected by traffic flow and road type. Also, it was
found that human factors have more effect than the mentioned factors. Three kinds of
pedestrians were introduced which were named risk-taking pedestrians, conservative

pedestrians, and pedestrian for pleasure.

Jamil et al. (2015) worked on the uncontrolled marked crosswalk when the pedestrians
crossed the road with changing directions and speeds that result in curved paths and

higher chances of safety issues. They analyzed the pedestrians crossing patterns
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concerning entry/exit pairs, and also the turning points. The results showed that
avoiding collision with grouping pedestrian crossing together from the same or
opposite direction, short or also fast distance and avoiding traffic running straight on
the lanes have the highest effect on the pedestrian crossing and these results in curved

paths. The results are shown in Table 2.2.

Table 2.2: The percentage of each reason for curved crossing patterns (Jamil et al.,

2015).

Factors Percentage
Forced by the traffic flow of the same direction 7.31
Avoiding collision with grouping pedestrian crossing together from

A 13.85
the opposite direction
Avoid collision with pedestrians waiting at the edge of the zebra 0.77
Avoiding collision with the right turning vehicles 0.77
Avoiding traffic running straight on the lanes 0.77
Short distance 71.15
Pedestrian following plus avoiding stopped vehicles illegally on the 538
zebra '

Ferenchak (2016) focused on the relation between pedestrians behavior with motor
vehicles. The data about pedestrians characteristics were gathered from a mid-block
crossing in Bangalore, Karnataka, India. By using logistic regression, it was found that
the pedestrian’s waiting time increases as the pedestrian gets elder. Moreover, elderly
pedestrians have fewer conflicts with motor vehicles compared to younger pedestrians
while crossing the road. Furthermore, it is found that males caused conflicts with motor
vehicles two times more than females. Also, the waiting time of males was about half
of the waiting time of females. Table 2.3 presents the differences in pedestrian

behavior by gender with the statistical significance of the differences.

Table 2.3: Pedestrians' crossing behavior according to their gender (Ferenchak,

2016).
Male Female The difference (%)  P-value
Waiting time (s) 18.33 3440 88.00 0.00
Utilization of crosswalk (%) 39.80 53.20 33.70 0.06
Causing a conflict (%) 33.10 143 131.5 0.00

Table 2.4 shows the result of the logistic regression between the gender/age and

risk/conflict.
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Table 2.4: Logistic regression between gender/age and risk/conflict (male = 0)
(Ferenchak, 2016).

Factors Coefficient Standard error P-value
Gender

Utilization of crosswalk 0.543 0.298 0.067
Causing a conflict -1.086 0.380 0.004
Age

Utilization of crosswalk 0.034 0.012 0.005
Causing a conflict -0.046 0.015 0.002

As indicated in Table 2.3, the female and male samples were statistically different from
one another concerning the waiting time. Also, males were less likely to use the
crossing infrastructure than females properly. However, as seen in Table 2.4, this
relationship was not significant. Moreover, the probability of causing a conflict
reduces as age increases. This relationship is statistically significant at a 99%

confidence level as well.
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3. DATA

In this thesis, the data are collected from an uncontrolled crosswalk on Aytar Street in
Istanbul-Turkey shown in Figure 3.1 and Figure 3.2. The data are gathered by
recording pedestrians on the crosswalk for 12 hours on a typical working day. The
Aytar Street is a one-way street which has two lanes, and the width of the street is 8
m. The parking is prohibited on both sides of the street. However, there are sometimes
vehicles parked illegally.

O
O

O

&

Figure 3.1: Aytar Street in Istanbul-Turkey (Google Map, 2018).
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Figure 3.2: Crosswalk on Aytar Street in Istanbul-Turkey.
The characteristics of the pedestrians and traffic at the uncontrolled crosswalk are
observed to analyze the pedestrians crossing behavior. By using the camera records,
the pedestrians’ characteristics including gender, age, using the mobile phone while
waiting for crossing the street, the number of pedestrians who start waiting at the same
time, pedestrians with kids and/or carrying something are observed. Here, age is
distinguished for being elderly or not through appearance.

The second group of observations is about pedestrian/traffic interaction. For this
group, the gap at the crossing, waiting time and average headway of rejected vehicles
are observed. The gap is measured at a section on the crosswalk. It is the time between
the last vehicle before (back bumper), and the first vehicle (front bumper) after the
pedestrian crosses the street. Also, the pedestrians waiting time is measured which is
started when the pedestrian approaches the pavement until the pedestrian sets foot on
the street to cross it. The average headway of rejected vehicles by the pedestrian to
cross is found which is between 1.25s to 5.01s and when the pedestrians waiting time
is 0, the average headway of rejected vehicles is assumed to be equal to 0 in the dataset.
The term “headway” is defined as the time between the front bumper of one vehicle
and the front bumper of the next (Hutchinson, 2008). The number of rejected vehicles
by pedestrians for crossing the street is observed which is between 1 to 16 vehicles

and for the pedestrians with zero waiting time, the number of rejected vehicles for
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them is assumed to be equal to 0 in the dataset. Figure 3.3 clearly shows the difference
between the gap and the headway.

Hoadway

L

' 1

__ Vahlcie langth

T

Figure 3.3: The difference between gap and headway (Fadilah and Shariff, 2014).

The final set of observations is about the traffic attributes. The observations include
illegal parking at the crosswalk, the cases if the driver approaching yield to stop or

reduce speed or change course.

Table 3.1 presents the averages of the gap, waiting time, average headway of rejected
vehicles, the number of rejected vehicles and the number of pedestrians start waiting
at the same time (PWS).

Table 3.1: The average of each Factor.

Factor Average
PWS 1.39
Gap (s) 6.22
Waiting Time (s) 6.41
Average headway of rejected vehicles (s) 1.45
Number of rejected vehicles 1.47

The average headway of rejected vehicles in Table 3.1 is observed to take values as
high as 5.01 s while maximum PWS is four. According to the Table, the pedestrians
at the observed crosswalk reject at least one vehicle (wait for at least one vehicle)
before crossing. Moreover, the crosswalk and traffic conditions seem to make

pedestrians wait relatively longer since average PWS is about one.

Table 3.2 shows the number and percentage of pedestrians for each group of categories
including gender, age, using the phone, approaching driver yielding, PWS and crossing
at the first time.
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Table 3.2: Number and percentage of pedestrians in each pedestrians group.

Factor Group # Percentage
Gender Male 359 58.09
Female 259 4191
Age Young 584 94.5
Elderly 34 5.50
Using phone Using . 38 6.15
Not using 580 93.85
Driver yielding Yes 276 44.66
No 342 55.34
Crossing at the first Yes 354 57
attempt No 264 43
Alone 434 70.23
2 136 22.01
PWS 3 36 5.82
4 12 1.94

Table 3.3 and 3.4 presents the average pedestrians’ gap, waiting time and average
headway of rejected vehicles for each pedestrians group and pedestrians

characteristics, respectively.

Table 3.3: The average pedestrians’ gap, waiting time and average headway of

rejected vehicles for each pedestrian group.

Factor Group Gap  Waitingtime  Average headway of rejected

(s) (s) vehicles (s)
Gender Male 6.16 5.57 1.26
Female 6.31 7.57 1.71
Age Young 6.19 6.18 141
Elderly 6.78 10.42 2.11
Using Using 6.41 8.36 1.48
phone Notusing  6.21 6.28 1.45
Driver Yes 6.38 6.60 1.49
yielding No 6.08 6.26 1.42
Alone 1.35 6.93 1.50
2 1.16 5.71 1.45
PWS 3 1.10 255 0.99
4 1.27 7.21 1.08

As itis seen in Table 3.2, males wait shorter and have less average headway of rejected
vehicles compared to the females while they also reject at least one vehicle on average.
Moreover, elderly pedestrians’ waiting time and average headway of rejected vehicles
are higher than the young pedestrians. Also, the pedestrians who use the mobile phone
while waiting for crossing the street have higher waiting time and average headway of

rejected vehicles than who do not use it. Furthermore, when driver approaching to stop
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or reduce speed, the pedestrians’ waiting time and average headway of rejected
vehicles are higher. The PWS range in the dataset is between 1 (pedestrian start waiting
alone) and 4 and the minimum and maximum waiting time is when PWS is 3 and 4,
respectively. However, the minimum and maximum average headway of rejected

vehicles are when PWS is 3 and 1 (pedestrian start waiting alone), respectively.

Table 3.4: The average pedestrians’ gap, waiting time and average headway of

rejected vehicles for each pedestrian characteristics.

Gap  Waiting  Average headway of

Pedestrian category Group (s) time (s) rejected vehicles (s)

Young Male 6.10 5.08 1.19
Female 6.32 7.66 1.71

Elder Male 7.03 12.47 2.31
Female 6.17 5.50 1.63

Table 3.4 shows that the elderly male’s average headway of rejected vehicles and
waiting time is more than the elderly females. Also, the young males have shorter

waiting time and average headway of rejected vehicles than the young females.

Figure 3.4 shows the histogram of waiting time to understand the frequency of waiting
time in the interval of 5s.
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Figure 3.4: Histogram of waiting time.
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Figure 3.4 clearly shows that the majority of pedestrians’ waiting time is between 0 S
and 5.

3.1 Statistical distribution of data

In this section, the aim is understanding whether the distribution of the waiting time of
each group of factors is normally distributed or not. For this investigation, the chi-
square test is used. The chi-square test statistic (x¢4:2) is calculated by equation 3.1
(Bury, 1999).

n

N (B - 0)?
Xstat” = Z (E) 31)

Where:
n: Number of classes

Ei: The expected frequency of type i
Oi: The observed frequency.
The class ranges are determined with equal probability. The number of classes is

calculated by the number of data, which can be followed by equation 3.2 (Bury, 1999).

m =1+ 3.3 *log(n) (3.2)

Where m is the number of classes and n is the number of pedestrians. The degree of

freedom (df) is calculated by equation (3.3).

df =m—-n, -1 (3.3)

Where:
m: Number of intervals
np: Number of parameters of the selected distribution

m>5&n>5

The number of parameters of the normal distribution is 2 (Bury, 1999). By calculating
the df and using 5% level of significance, the critical value of chi-square is found from
the chi-square distribution table. The calculated sum of squared deviations of observed
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and theoretical frequencies for normal distribution model is presented in Table 3.5.
When the chi-square statistic is bigger than the critical value, it means that the
distribution is not fitted to the normal distribution; otherwise, it is fitted to the normal

distribution.

Table 3.5: Distribution models and their probability density functions (Bury, 1999).

Distribution model  Probability density function Parameters Mean Variance
Normal ! __(xz—;;)z u 2
e 20 W, o o
oV2m

Table 3.6 shows the results of the x? test to investigate whether the distribution of the

waiting time for each group of each factor is the normal distribution or not.

Table 3.6 shows that the distribution of the waiting time of pedestrians who carry
something while crossing the street and who using the mobile phone while waiting for
crossing the street is the normal distribution as the chi-square statistical value

(Xzstatistical) is less than the chi-square critical value. However, the distribution of

other groups of factors is not normally distributed, as the x? is bigger than the

statistical

chi-square critical value.

Table 3.6: The results of the x? test for distribution of waiting time of each group of
each factor.

Distribution
Factors Group  df X’ e Xsasisticar  P-Value  of waiting
time
Driver Yes 8 1551 50.91 2.7307E-8  Not normal
yielding No 8 15.507 34.929 2.7542E-5 Not normal
Crossing Yes 4 9.4877 9.9813 0.04074 Not normal
diagonally No 9 16.919 75.284 1.3887E-12  Not normal
Carrying Yes 1 3.8415 0.64627 0.42145 Normal
something No 9 16.919 86.898 6.7724E-15 Not normal
Gender Male 8 16.919 89.045 1.0170E-4  Not normal
Female 9 15507 31.787 2.5535E-15 Not normal
Age Elderly 2  5.9915 8.6824 0.01302 Not normal
Young 9 16.919 89.045 2.5535E-15 Not normal
Using phone Using 2 59915 4.8045 0.09051 Normal
Notusing 9 16.919 89.045 2.5535E-15 Not normal
Presence of Yes 9 16.919 89.045 2.5535E-15 Not normal
illegally
parked No 8 15.507 60.353 3.9739E-10 Not normal
vehicle
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3.2 Comparing Population Mean

In order to assess the statistical differences between groups of each factor, there are
some tests such as pooled t-statistic, non-pooled t-test (Welch's t-test) and Mann-
Whitney test. The t-statistic is used when the distribution of the response variable of
both groups is the normal distribution with equal variance (Homoscedasticity). The
non-pooled t-test (Welch's t-test) is considered when the distribution of the response
variable of both groups is the normal distribution with unequal variance
(Heteroscedasticity). Mann-Whitney test is used when the waiting time distribution of
at least one of the groups is not normally distributed with the same shape. When the
sign of the skewness and kurtosis are the same for both groups of the factor, their shape
is same (Bury, 1999).

To measure the degree of asymmetry of a frequency distribution the skewness is
calculated by equation (3.4) (Bury, 1999).

n i — %)°

m—1)Xn-2) s3 (3.4)

Skewness =

Where,

n: Number of observations

s: Sample standard deviation

x: Sample mean

The sample standard deviation shows how closely the values of a data set are clustered
around the mean, and it is obtained by equation (3.5) (Bury, 1999).

X(x; — )* (3.5)

Sample standard deviation = s = —

Where,

n: Number of observations

x: Sample mean

In order to measure the flatness of a frequency distribution, the kurtosis is calculated
which is obtained by equation (3.6) (Bury, 1999).
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Kurtosis =

nn+1)

?:1(xi - f)4

(=DM -2)(n-3)

3(n—1)>2

 (n-2)(n-3)
Table 3.7 presents the statistic of pedestrians waiting time in each group of each factor

s4

and the proper method for each factor (Burry, 1999).

(3.6)

Table 3.7: Statistic of waiting time of each group and suitable method for each factor.

Factors Group Skew- Kurtosis Same _Ty_pe O.f Proper test
ness shape distribution
Driver Yes 2.65 3.03 v Not normal Mann-
L es :
yielding No 9.07  14.30 Not normal ~ Whitney U
Crossing Yes 2.07 4.73 Yes Normal Mann-
diagonally No 283  11.17 Not normal ~ Whitney U
Carrying Yes 1.53 2.02 v Not normal Mann-
; es :
something No 284  11.32 Not normal ~ Whitney U
Male 2.85 11.43 Not normal Mann-
Gender Yes .
Female 217  6.23 Not normal ~ Whitney U
Elderly 2.85 2.62 Not normal M
Age Yes ann-
Young 11.43 9.86 Not normal ~ Whitney U
Using 1.58 1.62 Normal
Using phone : Yes Mann-
Notusing  2.85 11.43 Not normal ~ Whitney U
Presence of Yes 1143  3.07 Not normal
illegally Yes Mann-
parked No 285  3.07 Not normal ~ Whitney U
vehicle

As it is indicated in Table 3.7, the Mann-Whitney U test can be used for all factors.

3.2.1 Comparision of two populations with Mann-Whitney U test

The Mann-Whitney U test is a nonparametric test of the null hypothesis that two

samples come from the same population against an alternative hypothesis that two

samples are from different populations. Unlike the t-test, it does not require the

assumption of normal distributions. In the Mann-Whitney U test, when the sample

sizes are big (n > 20), the value of U approaches to normal distribution, and so the

null hypothesis should be tested by Z-test or P-value. In order to calculate the U
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statistic (Us;q), first, all the data must be ranked together; ignoring which group they
belong to it. Then each group ranks must be added up (T;, T,) and Usta Will be
calculated with equation 3.7 (Bury, 1999):

n,+1
U1=(n1*n2)+(n1* 12 )_T1

Usta = n, +1
U1=(n1*n2)+<n2* >—T2

(3.7)

Where:
n, and n,: Number of data in the first and second group, respectively.
T, and T,: Sum of the ranks in the first and second group, respectively.

After calculating the Uy;,, the value of Z;, can be calculated with equation 3.8 (Bury,
1999) and to test the null hypothesis, it must be compared to the critical Z value

(Zcriticar) Obtained from Z table for the assumed level of significance which is 0.05 for

this study.
Usta — 1
Usta = Zsta = Zsta = % (3.8)
u
_ nn, * (ngy +n, + 1) _ Mt

The two different groups for each characteristic do not come from the same population
if their Zsw does not include in the range of the Zritical; Otherwise, they come from the
same population and cannot be separated as two different groups. The results of Mann-

Whitney U test at 5% level of significance are shown in Table 3.8.
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Table 3.8: Results of Mann-Whitney U test for waiting time of pedestrian.

Characteristic Groups  Zsta  Zcritical Decision
Male :
Gender -3.84 £1.96 Not same population
Female
) Using )
Using phone _ -0.33 £1.96  Same population
Not using
Elderl
Age y 218 +1.96 Not the same
young population
i Yes
Pres_ence of illegally parked -0.25 +1.96 Same population
vehicle No
) ) Yes .
Crossing diagonally N -1.25 +1.96 Same population
0
) ) Yes )
Carrying something . -1.28 +1.96 Same population
0
. . Yes _
Driver yielding N -0.72 £1.96  Same population
0

The results given in Table 3.8 indicate that males and females for gender characteristic
do not come from the same population because Zs.. does not include in the range of
the Zcritica. Also, pedestrians who are the elderly pedestrian or young, do not come
from the same population. The other groups in each characteristic come from the same
population because their Zsa included in the range of the Zcritica Which shows that it
cannot be considered as two separate groups. Hence, gender can be considered as two
groups including male and female. Moreover, age can be classified into two groups

which are the elderly pedestrian and young pedestrian.

3.2.2 Comparison of multiple populations with Kruskal-Wallis H test

Kruskal-Wallis H test is a rank-based non-parametric hypothesis test, which is not
assumed a normal distribution of the dataset. The null hypothesis in this test is "all
groups are from the same population,” and the alternative hypothesis is "at least one
group is from the different population.” It is used to indicate that whether there are
statistically significant differences between two or more groups of independent
variables or not. This test is considered the non-parametric alternative to the one-way
ANOVA test to allow the comparison of more than two independent groups which do

not have the normal distribution, but they have equal variance. If in each factor, the
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standard deviation of one group is equal or less than two times the standard deviation
of the other groups, the variance of these groups is equal.

Table 3.9 shows whether the Kruskal-Wallis H test is proper for each factor or not.

Table 3.9: Statistic of waiting time of each group and finding the new proper test for

each factor.

Standard Equal Type of
Factors Group deviation Variance  distribution Proper test
Ori ol Yes 9.82 v Not normal Kruskal-
river yieldin es )

Y J No 8.33 Notnormal ~ WallisH
Crossing Yes 6.42 Yes Normal Kruskal-
diagonally No 9.23 Notnormal ~ WallisH
Carrying Yes 571 YVes Not normal Kruskal-
something No 9.07 Not normal  Wallis H

Male 8.83 Not normal -

Gender Yes KruI?_k al

Female 9.17 Not normal Wallis H

e Elderly 15.76 w Not normal Kruskal-

g Young 8.53 Not normal Wallis H

Using shone Using 11.22 Ve Normal Kruskal-

gp Not using 8.85 Not normal Wallis H

Presence of Yes 8.52 Notnormal  kyuskal-

illegally parked Yes Wallis H
vehicle No 9.17 Not normal

As it is mentioned in Table 3.9, all factors have at least one group with not the normal
distribution, but with equal variance. The groups in each factor have equal variance,
because in each factor, the standard deviation of one of the groups is not more than
two times of the standard deviations of other groups, or two times of the standard
deviation of one of the groups is not less than the standard deviations of other groups.
Hence, the Kruskal-Wallis H test can be used for all factors.

When there are more than five data in each group, Kruskal-Wallis H test statistic
approximately behaves like chi-square distribution, having df equal to the number of
groups which in this study, is two minus one that is equal to one. By knowing the df
which is equal to one and assuming the level of significance equal to 0.05, the critical

value of the Kruskal-Wallis H test is obtained from the chi-square table. At the first
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step, all the data must be ranked; ignoring which group, they belong to it. Then the
total ranks for each group must be calculated (T, To,...) and H statistic (Hsta) will be

calculated using equation (3.9) (Bury, 1999):

Hgpq =

L*iTLZI—S*(N-Fl) (3.9)
N*(N+1) L

Where:

N: The total number of data in all groups

m: Number of groups

Ti: Sum of ranks in group i

ni: Number of data in group i

Table 3.10 presents the results of the Kruskal-Wallis H test.

Table 3.10: Results of the Kruskal-Wallis H test for waiting time.

Characteristic Groups H(stalt)lstlca H(critical) Decision
Male
Gender 14724 3.841 ot same
Female population
Usin
Using phone : 0.111 3.841 Same
Not using population
Elderly Not the same
Age 4.732 3.841 .
population
Young
i Yes
Presence of |II_egaIIy 0.062 3841 Same_
parked vehicle No population
Yes
Crossing diagonally 1.555 3.841 Same_
No population
Yes
Carrying something 1.647 3.841 Same_
No population
Yes
Driver yielding 0.522 3.841 Samg
No population

Calculated values of Kruskal-Wallis H test given in Table 3.10 indicate that female

and male for gender characteristic do not come from the same population because the
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H (statistical) is more than the H (critical). Moreover, elderly pedestrians and young
pedestrians do not come from the same population. The other groups in each
characteristic come from the same population because the H (critical) is higher than

the H (statistical) which shows that it cannot be considered as two separate groups.

Therefore, the both Mann-Whitney U test and Kruskal-Wallis H test indicate that the
pedestrians regarding their gender can be separated to the two groups, which are male
and female. Besides, being the elderly factor can be classified into two groups

including the elderly and young groups.
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4. MODEL
4.1 An Overview of Discrete Choice Model:

Discrete choice model is a behavioral model to show and predict the individuals'
behavior. It has been used a lot in econometrics and transportation science (Antonini
et al., 2006).

4.1.1 Utility-based choice theory

The utility allows us to rank a series of alternatives and identify the single alternative
that will be chosen. As shown in equation (4.1), the utility function U which describes
an individual’s utility valuation for each alternative has the property that an alternative
is chosen if'its utility is higher than the utility of all other alternatives in the individual’s

consideration set, C (Koppelman and Bhat, 2006).
If Ui(X;, SD = Ui(X;,8) =i>j VvecC (4.1)

i > j: Alternative i is selected over alternative j
Xi: Characteristics of the alternative i
Si: Socio-economic variables of the individual i
X;j: Characteristics of the alternative j
Sj: Socio-economic variables of the individual j

The actual utility (U) includes two components includes the deterministic component
(v) and error component () as shown in the equation (4.2) (Koppelman and Bhat,
2006). The deterministic component is the utility observed by the analyst. Error
component is unknown utility considered by the individual such as feelings habits
etc.

U=v+eg (4.2)
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Attributes of alternatives and characteristics of individuals are included in the utility
function. As it stated in equation (4.3), the utility of an alternative i (vi) is equal to
(Koppelman and Bhat, 2006);

Vi=Vi(X,S)=ZaXX+bXS (43)

a and b: Weight factors or coefficient of attributes or taste factors

The deterministic component is also called alternative-specific constants. The constant
in the utility is the average amount of factors not included in the deterministic
component that contributes to the utility differences between each utility and reference
utility. Reference utility is the utility that can only contain the variables with alternative
specific coefficients. The coefficient of the variable is called in this name if it appears
only in some of the utility functions or has a different coefficient for each utility
function. If the coefficient of the independent variable were the same in all utility
functions of the model, it would be called the generic variable; otherwise, it would be
alternative-specific variables. Also, if the coefficient of the constant is different in the
utilities, it is called alternative-specific constants (Koppelman and Bhat, 2006). The
deterministic component represents the observed and measured variables ( Ben-Akiva
and Lerman, 1985).

Dummy variables are qualitative variables. Sometimes quantitative variables can be
represented as dummies. There are two types of coding for dummy variables: Dummy
coding and effects coding. In dummy coding, the variable can take values either one
or zero that each of them has its definition, which is defined by the analyst. Effect
coding uses ones, zeros and minus ones to convey all of the necessary information on
group membership (Hensher et al., 2005). The dummy coding is slightly more
convenient to set up than effects coding (Daly et al., 2016).

4.1.2 The binomial logit model

The most frequently used model for probabilistic choice between two alternatives is
the binomial logit model. In this model, the probability that the alternative one is
chosen when the choice set consists of two alternatives is calculated by the following
equation (4.4) (Horowitz et al., 1986).

30



eV1 (4.4)

Where,

Pr;: The probability of choosing alternative one by the individual.
e: Exponential function.

V1: The deterministic component of the utility of alternative one
V2: The deterministic component of the utility of alternative two

The binomial logit model cannot treat the choice between more than two alternatives.
In the binomial logit model, the probabilities of choosing alternatives one and two are

equal when the deterministic components of the two alternatives' utilities are equal.

4.1.3 The multinomial logit model

The binomial logit model can be extended to accommodate choices between more
than two alternatives. The deterministic components of the utilities of the alternatives
are V1, V2...Vy. Then the probability of choosing alternative i (i=1..., J) is shown in
equation (4.5) (Horowitz et al., 1986).

eVi (4.5)

i = 3 v
Yi_.e)

Pr

4.1.4 Calculation of the coefficients

The procedure to estimate the maximum likelihood includes two steps which are as
follows,

1) Developing a joint probability density function of the observed sample, called the
likelihood function,

2) Parameter values estimation which maximizes the likelihood function. The
likelihood function for a sample of ‘T' individuals, each with ‘J' alternatives is
presented in equation (4.6) (Koppelman and Bhat, 2006).

L@ =[ [ ] [eewne (4.6)

VteT Vj€]
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Where,
8;.= 1 is chosen indicator; it is equal to 1 if j is chosen by individual t and otherwise it
is equal to 0. The Pjt is the probability that alternative j is chosen by individual t.
By calculating the first derivative of the likelihood function and equating it to zero, the
values of the parameters which maximize the likelihood function are found. The log-
likelihood function is maximized instead of the likelihood function itself. Because the
log of a function is easier to differentiate and it yields the same maximum as the
function. The log-likelihood function is expressed in equation (4.7) (Koppelman and
Bhat, 2006).

LL(B) = Log(L(B) = )" ) 8¢ X In(B()) “7)

VteT Vj€J

4.1.5 Comparison method

To evaluate whether the estimated model is an improved model compared to a base
model or not, the likelihood ratio test can be used as shown in equation (4.8). The
utility of the base model includes only constants. The utility function of the base model
has two types which are market share model (LL(M)) and null model LL(0). The
market share model consists only constants without any independent variables. The
other model is the null model in which all parameters are set equal to zero. The log-

likelihood of the base model is less than the log-likelihood of the estimated model.
—2LL = =2 X (LL ase — LLestimated) (4.8)

Where,
-2LL: Log-likelihood ratio
LL: Log-Likelihood

The calculated test statistic is chi-square distributed with degrees of freedom equal to
the difference between the numbers of parameters estimated between the two models.
After calculating the df, the critical chi-square value can be determined from the chi-
square table depends on the level of the significance. If the -2LL value is larger than
the critical chi-square value, the model, which has the grater LL, is improved compared
to the model, which has the smaller LL. If the -2LL value is less than the critical chi-
square value, the model, which has the grater LL, is not improved compared to the
model, which has the less LL.
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The likelihood ratio test can also be used for comparing two estimated models by a
similar equation (4.9) (Koppelman and Bhat, 2006).

For finding the goodness-of-fit, the likelihood ratio index (p?) ranges from zero, when
the estimated parameters are no better than zero parameters, to one, when the estimated
parameters perfectly predict the choices of the sampled decision-makers. The Pseudo-
R? (p?) of the model should be calculated which is similar to R? in regression. The
calculation of p? is shown in equation (4.10), and it expresses the percentage of the
relationship explained by the model (Koppelman and Bhat, 2006).
p = 1 — g (410)

For coefficient evaluation of the variables, the T-test is used. This two-tailed test is
used to test whether a particular parameter is statistically different from zero. The
critical values for test statistic differ according to selected significant levels. For
instance, when the significant level is 0.1, the critical values are + 1.645. When the T-
statistic of the variable is between the two critical values, the variable is insignificant,
otherwise, significant. By dividing the coefficient of the variables by standard error of
the variables, the T-statistic of the variables is calculated shown in equation (4.11)
(Koppelman and Bhat, 2006).

.. Coefficient
T — statistic = ——— (4.11)
Standard error

4.2 Estimated Model

In this study, the multinomial logit model is used to analyze pedestrians behavior. The
curbside waiting times of the pedestrian are classified into three levels. To use discrete
choice model, the waiting time which is continuous data is turned into discrete data.
The data is classified into three levels by determining threshold values for each of
them. If another model such as regression model was used, a waiting time model could
not be responded to analyze the discrete levels of waiting time to find the actual
pedestrian behavior in different situations for each level of waiting time as the

regression model can be used to estimate only the value of the waiting time.
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In this study, three levels are considered for waiting time of pedestrians are low,
medium and high levels of waiting time, and they are determined based on the level of
service (LOS) of pedestrians waiting time (Nemeth et al., 2014). Table 4.1 shows the
waiting time ranges at each level of waiting time. In this study, level A is considered
for low level with waiting time from 0 sto 5 s, the level B is medium level for waiting
time from 5 s to 10 s and the remaining levels which are C, D, E, and F are assumed

as high level that includes waiting time which is equal to or higher than 10 s.

Table 4.1: Waiting time ranges at each level of waiting time, based on the LOS of

pedestrians waiting time.

Waiting

Level of time Level
waiting LOS Comments

. ranges number

time

(s)

Low A Usually no conflicting traffic 0-5 1

Medium B Occasionally some delay due 5.10 9

to conflicting traffic
Delay noticeable to
C pedestrians, but not 10-20
inconveniencing
Delay noticeable and irritating,
D increased likelihood of risk 20-30
taking 3
Delay approaches tolerance
E level, risk-taking behavior 30-45
likely
Delay exceeds tolerance level,
F high likelihood of pedestrian >45
risk-taking

High

In the dataset of this study, the minimum and maximum of the pedestrians waiting

times are 0 s and 67.05 s, respectively.

Table 4.2 shows the data analysis of the relationship between some of the pedestrians

characteristic with being at each level of waiting time.
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Table 4.2: Percentage of various pedestrians’ characteristic at each level of waiting

time.

, . Low level Medium level High level
Passengers’ characteristics (%) (%) (%)
Gender Male 65.74 16.15 18.11

Female 51.35 21.24 27.41
Age Elderly 44,12 29.41 26.47
Young 60.62 17.64 21.75
Male Elderly 41.66 29.17 29.17
Young 67.46 15.23 17.31
Female Elderly 50.00 30.00 20.00
Young 51.41 20.88 27.71

Considering the different categorizations of the sample; for the low level, the highest
percentage of waiting time is recorded for young males, at the medium level is for the

elderly females and at the high level is for the elderly males.
Table 4.3 displays the average of waiting time, average headway of rejected vehicles,

gap, number of rejected vehicles and PWS at each level of waiting time.

Table 4.3: Average of the gap and waiting time, average headway of rejected

vehicles, number of rejected vehicles and PWS at each level of waiting time.

The Average
Ranges headway Number
Level of percentage Average
o of the i Average of of
waiting . share of  waiting . . PWS
. waiting I . Gap (s) rejected rejected
time : waiting  time (s) h .
time (s) . vehicles vehicles
time (s)
Low 0-5 59.71 1.37 6.57 0.33 0.11 1.42
Medium  5-10 18.28 7.08 4.98 2.61 1.31 1.48
High >10 22.01 19.52 6.31 3.52 5.27 1.26

The Tables 4.3 shows that the average gap at the medium level of waiting time is less
than the low and high level. The PWS at the medium level is more than the low and
high level.

For having a better understanding of the share of each level of waiting time, the
histogram of waiting time according to each level of waiting time is presented in Figure
4.1.
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Figure 4.1: Histogram of pedestrians waiting time according to each level of waiting
time.

Figure 4.1 shows that the majority of pedestrians have a low level of waiting. As it is
explained, data are gathered by video recordings and traffic and pedestrians
characteristics are obtained. The characteristics include six variables while five of
them are independent and one is the dependent variable. In this study, the independent
variables are being male and the elderly variable as dummies, the PWS variable,
number of rejected vehicles variable and average headway of the rejected vehicles
variable as continuous variables. The dependent variable is the pedestrians waiting
time. As itis mentioned in Chapter 4 about the dummy coding, the male and the elderly
variables are assumed as the dummy variable as shown in Table 4.4.

Table 4.4: Dummy coding for dummy variables.

Dummy coding

Dummy variables

0 1
Gender Female Male
Age Young elderly

Table 4.5 shows the correlation between variables.
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Table 4.5: Existed correlation between the variables.

Number
Variables Gender Age PWS r’?‘ verage .Of Gap Waiting
eadway  rejected time
gap
Gender 1 -0.11
Age 0.6 1 0.11
PWS -0.01 0.02 1 -0.09
Average
headway 512 009 -006 1 0.65
of rejected
vehicles
Number of
rejected -0.1 006 -0.1 0.61 1 0.93
vehicles
Gap -0.02 0.03 0.01 -0.09 0.06 1 0.02

As shown in Table 4.5, the correlation between waiting time and gap is found positive
which is not logical. Hence, it is decided not to include this variable in the model.
However, the correlation matrix indicates that other independent variables are
appropriate to be used in the model. To have a better understanding of the relationship
between the independent variables and waiting time the Figure 4.2 to Figure 4.6 are
presented.

The relationship between waiting time and average headway of rejected vehicles is

shown in Figure 4.2.

y =-0.3503x* + 4.6863x + 1.4454
70.000 R?=0.4267

Average headway of rejected vehicles (s)

Figure 4.2: The relationship between the pedestrians waiting time and average

headway of rejected vehicles.
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The relationship between waiting time and number of rejected vehicles by
pedestrians while waiting to cross at the curbside on the street is presented in Figure
43.

80.000
y=3.1251x + 1.8236
70.000 R? = 0.8642
__ 60.000 ® °
N—r
@ 50000 | e
= o . ®
= I e P . D T L
g 40.000 [ ] o e "‘_...-' ° [ ®
£ 30.000 ® 0. .. ]
= ? " ° 0
20.000 ! s °
10.000 '
. ". .
0.000 °
0 2 4 6 8 10 12 14 16 18

Number of rejected vehicles

Figure 4.3: The relationship between pedestrians waiting time and the number of

rejected vehicles.

The relationship between the waiting time and the number of pedestrians start waiting
at the same time at the curbside on the street is displayed in Figure 4.4. The range of
the number of pedestrians start waiting at the same time is between 1 and 4

pedestrians.
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Figure 4.4: The relationship between the pedestrians waiting time and PWS.

38



The relation between pedestrians characteristics which are male and the elderly
factors with pedestrians waiting time is presented in Figure 4.5 and Figure 4.6,

respectively.

80.000
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60.000

50.000
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Female

Figure 4.5: The relationship between pedestrians waiting time and male.
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Figure 4.6: The relationship between pedestrian waiting time and age.

4.2.1 Utility equations

The high level of waiting time is selected as the reference alternative for all
independent variables and constants. Hence, all the analysis and comments are relative

to the high level. In this study, to have a better explanation of results obtained for the
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coefficient of independent variables, all variables and constants are assumed as
alternative-specific. The utility equation for each level is presented in equation (4.12).
The utility of the low level: (4.12)

Utility low = constant1 + 31 X male + 2 X elderly + 3 X PWS +
4 X number of rejected vehicles + 35 X

average headway of rejected vehicles
The utility of medium level:

Utility medium = constant2 + 6 X male + 7 X elderly + 38 X
PWS + 39 X number of rejected vehicles + 310 X

average headway of rejected vehicles
The utility of high level:
Utility high = 0
As it is seen in equation (4.12), the utility functions of low and medium levels have
five independent variables with a constant. As a result, there are 10 alternative-specific
variables and two alternative-specific constants in the model.
4.2.2 Results of the estimated model

Table 4.6 shows the coefficients and their T-statistics of the estimated model. In Table
4.6, the coefficients, which are statistically significant at 90% level, are in bold and the
comparison level is the high level of waiting time, and all coefficients are in

comparison to it.
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Table 4.6: The estimation results for waiting time levels.

Variables Coefficient T-statistic
Low level
Gender (Being male) 0.653 1.371
Age ( Being elderly) -0.109 -0.117
PWS 0.728 1.920
Average headway of rejected vehicles -0.996 -3.645
Number of rejected vehicles -3.314 -7.239
Constant 7.063 6.252
Medium level
Gender (being male) 0.253 0.629
Age (being elderly) 0.409 0.533
PWS 0.893 2.779
Average headway of rejected vehicles -0.673 -2.775
Number of rejected vehicles -1.447 -7.335
Constant 4411 4.132
Details
Number of observations 618
LLBase -588.170
L Lestimated -235.674

4.2.3 Model evaluation

For evaluating the model, the probability of each level of utility for each pedestrian is
calculated by equation (4.5). Then, the average of all individuals’ choice probabilities
for each level of waiting time is calculated. In Table 4.7, the actual shares from the

observation and probabilities from the model are presented.

Table 4.7: Percentage of each level of waiting time in model and observation.

Level of waiting Waiting time duration at each level ~ Model ?ﬁ;‘igl
i 0,
time (s) (%) %)
Low 0-5 59.71 59.71
Medium 5-10 18.28 18.28
High >10 22.01 22.01

As shown in Table 4.7, the percentage of each level of waiting time, obtained from the
model is matched with the percentage of each level of waiting time gained from the
observations.

As it is mentioned in Chapter 4, the likelihood ratio test is used to compare the
estimated model with the base model. The LL of estimated model and base model are
-235.674 and -588.170, respectively. By using equation (4.9), the -2LL is obtained as

704.992. The df is 10 which is equal to 12 coefficients of alternative-specific variables
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and constants in the estimated model minus 2 alternative-specific constants in the base
model which is the market share model (LL(M)).

As it is shown in Figure 4.7, at the 10% level of significance, the critical chi-square
value (x2) is found as 15.99 from the chi-square table. The -2LL which is found
704.992 is higher than the critical chi-square value, so the estimated model is an

improved compared to the base model.

Degrees of Probability of a larger value of x .
Freedom 0.99 0.95 0.90 0.75 0.50 0.25 0.10 0.05 0.01
1 0.000 0.004 0.016 0.102 0.455 1.32 2.71 384 6.63
2 0.020 0.103 0.211 0.575 1.386 2.77 461 5.99 9.21
3 0.115 0.352 0.584 1.212 2.366 a1 6.25 7.81 11.34
4 0.297 0.711 1.064 1.923 3.357 5.39 7.78 949 13.28
5 0.554 1.145 1.610 2675 4,351 6.63 524 11.07 15.09
6 0.872 1.635 2.204 3.455 5.348 7.84 10.64 12.59 16.81
7 1.239 2.167 2.833 4255 6.346 9.04 12.02 1407 18.48
8 1.647 2.733 3490 5.071 7.344 10.22 13.36 15.51 20.09
9 2. 088 3.325 4. 168 5.899 8.343 11.39 14 68 16.92 21.67
[10 2.558 3.940 4.865 6.737 9.342 12.55 15.99 18.31 23.21
11 3.053 4575 5.578 7.584 10.341 13, 1 19.68 24.72
12 3571 5226 6.304 8.438 11.340 14.85 18.55 21.03 26.22
13 4.107 5.892 7.042 9.299 12.340 15.98 19.81 22.36 27.69
14 4,660 6.571 7.790 10.165 13.339 17.12 21.06 23.68 29.14
15 5.229 7.261 8.547 11.037 14.339 18.25 22.31 25.00 30.58
16 5812 7.962 9.312 11912 15.338 19.37 23.54 26,30 32.00
17 6.408 8.672 10.085 12.792 16.338 2049 24.77 27.59 3341

Figure 4.7: Chi-square distribution table (Scheffe, 1947).

For finding goodness-of-fit of the model, the equation (4.10) is used to calculate the
p? that is equal to 0.60 which is somewhat high that represents a decent goodness-of-
fit.

4.2.4 Discussion of the model findings

The results of the model show that male and the elderly variables are insignificant at
both low and medium levels. These variables do not have statistical effects on waiting
time in the model, but they might logically have impacts on waiting time. On the other
hand, the PWS, the number of rejected vehicles and the average headway of the
rejected vehicles variables are statistically significant at 90% level at both low and

medium levels.

The coefficient sign of male variable is positive at both low and medium levels as

expected. It means the probability of waiting time at a high level is less for males
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compared to females. In the literature, similarly, the waiting time for females is found
to be more than the males to cross (Harrell, 1990; Tiwari et al., 2007; Ferenchak,
2016). One of the reasons is mentioned to be the higher walking speed of males
(Tarawneh, 2001). Moreover, males generally make more risky crossing decisions
than females and accept shorter gaps (Oxley et al., 1997; Moyano Diaz, 2002; Holland
and Hill, 2010).

The coefficient sign of the elderly variable is negative at a low level. It shows that the
probability of waiting time at a high level is higher than the likelihood of waiting time
at a low level. However, the coefficient sign of the elderly variable is positive at the
medium level which indicates that the probability of waiting time for being at the
medium level for the elderly is higher than the likelihood of being at the high level. As
it is mentioned in the past studies, the elderly pedestrians need more time to decide to
cross the street compared to the young pedestrians (Harrell, 1990; Oxley et al., 1997,
Hamed, 2001; Moyano Diaz, 2002; Li and Tsukaguchi, 2005; Holland and Hill, 2007;
Rosenbloom et al., 2008; Holland and Hill, 2010; Li, 2013; Ferenchak, 2016).

The PWS variable has a positive coefficient sign at both low and medium levels of
waiting time. This shows that as much as the PWS increases, the likelihood of waiting
time at the high level is decreased.

The sign of the coefficient of the number of rejected variables is negative at both low
and medium levels. Therefore, the higher the number of rejected variables by the

pedestrians, the higher the probability of waiting time at a high level.

In this study, the average headway range of the rejected vehicles is between 1.25 s and
5.01 s. This variable has a negative sign at both low and medium levels. It is
determined that in the mentioned range, as much as the average headway of the
rejected vehicles is higher for the pedestrian, the probability of pedestrians waiting
time at the high level is higher compared to the probability of waiting time at the low

and medium levels.
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5. CONCLUSIONS

The pedestrians are a vulnerable part of the transportation systems, and an in-depth
understanding of their behavior is necessary to meet their needs and have a better
transportation system design for their safety. The complex nature of the pedestrians
behavior is affected by some factors such as individual characteristics, characteristics

of the traffic flow and speed, whether the pedestrian is in a group or not.

In this thesis, a discrete choice model with five independent variables for three levels
of pedestrians waiting time is estimated to have a better understanding of pedestrians
crossing behavior and offer an alternative to other existing pedestrians behavior

models.

The results from the discrete choice model indicate that the number of rejected vehicles
variable, the PWS variable and average headway of rejected vehicles variable are the
significant variables, which statistically affect the pedestrians waiting time. The male
and the elderly variables are insignificant variables. However, they affect the waiting
time. Moreover, the results show that if the PWS at the curbside increases, the
probability of waiting at both low and medium levels is more than the probability of
being at the high levels. Moreover, the higher the number of rejected vehicles by
pedestrians, the higher the probability of waiting time at high levels compared to the
low and medium levels. The probability of waiting time at a high level is less for males
compared to females. The likelihood of waiting time at a high level is more than the
probability of waiting time at a low level for elderly pedestrians. Also, the probability
of waiting time at the medium level for the elderly is higher than the likelihood of
waiting time at a high level. Furthermore, when the average headway of rejected
vehicles which its range in this study is from 1.25s to 5.01s and 0 for pedestrians whose
waiting time is 0, is higher for the pedestrian, the probability of waiting time at the
high level is higher compared to the low and medium levels.
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The understanding of these issues will increase the sensitivity and awareness of
engineers and transport planners. This framework provides a useful guide for future

pedestrians models to improve future safety.

In future studies, other methods such as the ordered probit model can be used because
of the ordered nature of waiting time. The nested logit model can also be used with
two composite alternatives. The first composite alternative could be allocated for
pedestrians with no waiting time. Whereas, the other one is for when there is waiting
time. Another possible method is for finding the estimated waiting time is the
regression model. Moreover, the analysis might be expected to include other locations
with different flow characteristics, number of the lane, etc. Furthermore, additional
independent variables which affect waiting time that is not considered in this study can

be used in future studies such as speed and type of the upcoming vehicle.
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