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Abstract 

There are different types of crosswalks for pedestrians to cross the street and different methods of operation. 
Signalization can be used in the operation of at-grade and controlled crosswalk. In these crosswalks, signaling is 
activated by pedestrians pressing buttons placed on the crosswalks. In this type of crossing, pedestrians press the 
button to cross the road and the signaling system detects the request. Within a reasonable time, the system turns 
red for vehicles and green for pedestrians, allowing pedestrians to cross the street safely. However, these systems 
have some drawbacks. Various observation and data collection studies were carried out at the pilot pedestrian 
crossing on Atatürk Boulevard in Atakum district of Samsun province. In these studies, 227 pedestrians crossing 
the crosswalk and 791 vehicles stopped at red lights during the crossing of pedestrians were examined. As a result 
of the data obtained in line with pedestrian and driver behaviors, it is aimed to determine the operational problems 
in signalized crosswalk with pedestrian warning and to increase efficiency with the studies to be carried out. 
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1. Introduction 

Unpredictable accidents that can occur at any time as a result of negligence and erroneous 
behavior can result in loss of life and property [1]. Traffic accidents are unpredictable events 
that occur on the highway, in which vehicles, drivers and pedestrians are involved separately 
or together, and which cause various negative effects as a result. [2]. 

Population growth and the parallel increase in the number of motorized vehicles increase traffic 
accidents [3]. Table 1 shows the number of vehicles registered to traffic, the total number of 
accidents and the number of deaths, injuries and material losses as a result of accidents between 
2013 and 2022 [4]. As can be seen from the table, the number of vehicles registered to traffic 
increases regularly every year. The number of traffic accidents is expected to decrease with the 
developing vehicle technologies and intelligent transportation systems applications. However, 
when we look at the number of accidents, high numbers of accidents are noteworthy throughout 
all years. Only in 2020, there is a significant decrease in the total number of accidents. This 
situation is thought to be caused by the curfews imposed as a result of the Covid-19 pandemic.  
It is a fact that the pandemic process has caused large and irregular changes in traffic flow and 
the number of vehicles [5]. Although the number of deaths and injuries as a result of traffic 
accidents increased significantly between 2015-2017, it has been in a downward trend after 
2017. 
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Table 1. Number of vehicles registered, accidents, persons killed and injured, 2013-2022 [4] 

Year 

Number of 
vehicles 

registered to 
traffic 

Total number 
of accidents 

Number of 
accidents 

involving death 
or injury 

Number of 
accidents 
involving 

material loss 
only 

Number of 
person killed 

Number of 
person 
injured 

2013 17.939.447 1.207.354 161.306 1.046.048 3.685 274.829 
2014 18.828.721 1.199.010 168.512 1.030.498 3.524 285.059 
2015 19.994.472 1.313.359 183.011 1.130.348 7.530 304.421 
2016 21.090.424 1.182.491 185.128 997.363 7.300 303.812 
2017 22.218.945 1.202.716 182.669 1.020.047 7.427 300.383 
2018 22.865.921 1.229.364 186.532 1.042.832 6.675 307.071 
2019 23.156.975 1.168.144 174.896 993.248 5.473 283.234 
2020 24.144.857 983.808 150.275 833.533 4.866 226.266 
2021 25.249.119 1.186.353 187.963 998.390 5.362 274.615 
2022 26.482.847 1.232.957 197.261 1.035.696 5.229 288.696 
Total 221.971.728 11.905.556 1.777.553 10.128.003 53.547 2.848.386 

 
Table 2 shows the distribution of victims in fatal and injury traffic accidents in 2022 in terms 
of drivers, passengers and pedestrians. Pedestrians account for 23.2% of fatalities and 12.8% 
of injuries in traffic accidents [4]. Pedestrian-oriented studies are also needed to eliminate the 
negative consequences of traffic accidents. The vulnerability of pedestrians to collisions makes 
the consequences of accidents more serious [6]. The risk of death and injury increases in 
accidents caused by vehicles hitting pedestrians. 

Table 2. Number of victims of traffic accidents involving death or injury, 2022 [4] 
Victims  
Driver Number of persons killed    2.349 

Number of persons injured    141.795 
Passenger Number of persons killed    1.662 

Number of persons injured    109.790 
Pedestrian Number of persons killed    1.218 

Number of persons injured    37.111 
Total Number of persons killed    5.229 
 Number of persons injured    288.696 

Table 3 shows that 7.99% of the traffic accidents in 2022 occurred at crosswalk and 0.39% at 
school crossings [7]. Although the accidents involving pedestrians are not only at crosswalks 
and the proportion of accidents occurring at pedestrian and school crossings in total accidents 
is quite low, the fact that pedestrians account for 23.2% of the deaths and 12.8% of the injuries 
in traffic accidents given in Table 2 is a situation that requires attention. It can be seen that 
accidents are concentrated in areas where the interaction between pedestrians and vehicles 
increases [8].  

As can be seen from the table, fatal and injury accidents occur at a much higher rate in urban 
areas than in rural areas. However, the potential for vehicles to travel at higher speeds in rural 
areas may cause accidents to be more fatal. 
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Table 3. Traffic accident information with fatal and injury according to road type, 2022 [7] 

 Residential area Rural area Total 
Crossovers Number (%) Number (%) Number (%) 
Crosswalk 15.120 9,28 642 1,85 15.762 7,99 
School crossings 742 0,46 30 0,09 772 0,39 
Controlled rail crossing 302 0,19 16 0,05 318 0,016 
Uncontrolled railway crossing 57 0,04 15 0,04 72 0,04 
No crossings 146.446 90,03 33.891 97,97 180.337 91,42 
Total 162.667 100 34.594 100 197.261 100 

Accidents are unforeseen incidents that occur as a result of erroneous behavior. Accidents can 
occur for many reasons. When the causes of accidents (Table 4) are analyzed, it is seen that 
drivers have the largest share. Almost 9 out of every 10 accidents are caused by driver-related 
reasons. Unfortunately, driver errors can cause irreversible consequences. In addition to driver 
errors, although road and vehicle defects cause accidents, the other prominent factor is 
pedestrian errors. Almost 1 out of every 10 traffic accidents is caused by pedestrian errors [4] 
Therefore, in order to effectively combat accidents, driver and pedestrian behaviors should be 
well examined and the factors that trigger errors should be identified. Thus, the risk of accidents 
can be reduced by eliminating the factors that cause accidents and making necessary 
improvements.  

Table 4. Number of faults causing traffic accidents involving death or injury, 2013-2022 [4] 

Year 
Driver faults Passenger Faults Pedestrian faults Road faults Vehichle faults 
Number (%) Number (%) Number (%) Number (%) Number (%) 

2013 162.327 88,7 774 0,4 16.458 9,0 1.913 1,0 1.558 0,9 
2014 171.236 88,6 901 0,5 18.115 9,4 1.841 1,0 1.122 0,6 
2015 187.980 89,3 915 0,4 18.522 8,8 1.916 0,9 1.165 0,6 
2016 190.954 89,6 869 0,4 18.612 8,7 1.717 0,8 997 0,5 
2017 191.717 89,9 782 0,4 18.095 8,5 1.619 0,7 1.112 0,5 
2018 194.928 89,5 1.916 0,9 18.394 8,4 1.300 0,6 1.360 0,6 
2019 180.042 88,0 2.572 1,3 16.726 8,2 1.045 0,5 4.153 2,0 
2020 157.128 88,3 2.577 1,4 12.520 7,0 897 0,5 4.745 2,7 
2021 195.382 87,1 3.941 1,8 18.398 8,2 936 0,4 5.761 2,6 
2022 204.233 86,8 2.753 1,2 22.234 9,5 902 0,4 5.054 2,1 

Although there are many factors in the occurrence of accidents, as seen in Table 4, pedestrian-
related errors are an important cause. This situation reveals the necessity of pedestrian-oriented 
studies. Pedestrian behaviors effective in the occurrence of accidents were examined. Acting in 
a way that endangers vehicles on the roads has the highest rate of error in accidents caused by 
pedestrians with 29.6%.  

Pedestrians trying to cross the road outside the designated areas where there are no crosswalk 
or intersections is also the leading cause of accidents with a rate of 27.3%. Pedestrians 
frequently cross the road where there are no crossings and without following the rules. In order 
to create a safer traffic infrastructure, it is important to manage crosswalk in a more planned 
manner and to raise awareness among pedestrians and drivers. Another important type of error 
is violating traffic lights and signals, such as crossing into the path of vehicles and violating 
traffic rules when crossing the road (Table 5) [4]. 
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Table 5. Faults causing road traffic accidents involving death or injury, 2022 [4] 
Pedestrian faults Number (%) 
Violating crossing rules where crosswalk and junctions not exist  6.079 27,3 
Violating traffic lights ans signals  2.755 12,4 
Acting behaviours on vehicle roads that endanger traffic vehicles  6.571 29,6 
Violating traffic rules while crossing roads  209 0,9 
Entering the vehicle road 474 2,1 
Not walking on the left side of the vehicle road  245 1,1 
Not taking accident preventing cautions where night and day vision is unclear  592 2,7 
Other pedestrian faults 5.309 23,9 
Total 22234 100 

There are different types and methods of operation of crosswalks (Fig. 1). Crosswalks are 
divided into two as At-grade crossing and Grade-separated crossing, depending on the plane on 
which they are built. Grade-seperated crossings are underpass and overpass. At-grade crossings 
are divided into controlled and uncontrolled [9]. 

 
Fig. 1. Crossing operating modes [9] 

Controlled crosswalk can be implemented with police supervision or by using signalization 
systems. It is not sustainable to manage all crosswalk with police supervision. Signalization is 
widely used in the operation of level and controlled crosswalks. Unlike crosswalks at 
intersections, supervised crosswalks along road axes are usually pedestrian-activated. When the 
pedestrian arrives at the crossing to cross the road, he/she activates the system by pressing the 
button on the signaling pole (Fig. 2). In line with the pedestrian's right of way request, the 
signaling system turns on a red light for vehicles and a green light for pedestrians within a 
certain period of time. Thus, pedestrians can safely cross the pedestrian crossing when the 
vehicles stop within the allotted time. 
 

   
a) [10] b) [11] c) [12] 

Fig. 2.  Crosswalk button examples 
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However, there are some problems in the operation of pedestrian push-button signalization 
systems at crosswalks. First of all, pedestrians who do not know the working logic of the system 
try to cross the road when they find suitable intervals between vehicles without using the 
signalization system, which creates accident risks. Another issue is that pedestrians cross the 
street without waiting for the green light after pressing the button. In this case, while the 
pedestrian is completing the crossing or later, if the light turns green for pedestrians, the red 
light also turns red for vehicles, and vehicles continue to stop in vain after the pedestrian has 
finished crossing. In this scenario, vehicles will consume unnecessary fuel and emit 
unnecessary exhaust emissions, resulting in economic losses as well as environmental damage. 
In addition, the delay time of vehicles increases as a result of unnecessary stopping of vehicles. 

Within the scope of the study, the failures occurring at pedestrian signalized crosswalks with 
pedestrian warning systems will be examined. As a result of the data obtained in line with 
pedestrian and driver behaviors, it is aimed to determine the operational problems in signalized 
crosswalks with pedestrian warning and to increase efficiency with the studies to be carried out. 
With a more efficient pedestrian crossing, it is aimed to increase pedestrian safety and reduce 
fuel consumption and exhaust emissions by eliminating unnecessary waiting for vehicles. In 
this direction, a pilot pedestrian crossing was determined and data on pedestrians and drivers 
were obtained through observations. The results show that there is potential for academic 
studies and field applications related to crosswalks. 

1.1. Background 

Crosswalks are areas arranged for the common use of vehicles and pedestrians with horizontal 
and vertical markings or traffic lights [13]. However, in developing cities, the vehicle-oriented 
service concept leaves pedestrians in the background [14]. The intersection of pedestrian and 
vehicle traffic brings potential risks. Based on this point, there are crosswalks and overpasses 
that aim to reduce accidents by separating pedestrian traffic from vehicle traffic [15]. 

Although pedestrian safety is a very important problem in developing countries such as Türkiye, 
it is generally not given importance [16]. Accidents may also occur due to inadequate or 
incorrect physical conditions of crosswalks [17-19]. Accidents can be prevented by establishing 
the right traffic management infrastructure [20]. 

In crosswalks, the absence or improper planning of signals for crosswalks also triggers 
accidents [21-23]. Similarly, the failure of pedestrians or drivers to comply with the existing 
signal planning or to use it correctly can also cause disruptions. Failure to fully know or 
recognize the rules also leads to violations [24]. 

In order to prevent traffic accidents at crosswalks and the negative consequences of these 
accidents, it is very important to correctly identify the factors that cause accidents. [25]. There 
are many studies examining pedestrian behavior at crosswalks, the factors determining crossing 
behavior and the effects of traffic conditions on behavior [26-29]. In these studies, pedestrian 
non-compliance with the rules is the leading cause of accidents. Pedestrian behavior may vary 
depending on many parameters. These differences may vary from country to country [30], or 
even in different cities within the same country [31,32]. For this reason, as in many traffic 
engineering problems, regional studies can be conducted on pedestrian-oriented issues and 
regional solutions can be developed. In this way, the traffic culture of that society can be better 
understood and the efficiency of the solutions developed will increase.  

Failure of pedestrians to obey traffic lights eliminates the concept of controlled crosswalks. At 
this point, the reasons why pedestrians do not obey the rules should be examined well. Thus, 
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changes can be made and measures can be taken to ensure that pedestrians obey the rules in line 
with the reasons determined. When the reasons for pedestrians not obeying traffic lights in the 
literature are examined, the behavior of pedestrians being in a hurry comes first. The increase 
in the waiting time as a result of the long red light duration or the thought that pedestrians can 
cross safely without waiting due to low traffic volume increases light violations [33-35]. 

A smooth operational infrastructure at crosswalks can only be achieved if drivers, but especially 
pedestrians, fully comply with the rules. In order for pedestrians to fully comply with the rules, 
pedestrian behaviors, expectations and dissatisfaction should be well examined and necessary 
changes should be made accordingly. Pedestrian safety and crosswalks will continue to be an 
interesting area of research for researchers. 

2. Data collection and evaluation  

2.1. Determining the region and obtaining data 

In order to investigate driver and pedestrian behaviors at pedestrian crosswalks with pedestrian 
push-button control, a pedestrian crosswalk with pedestrian push-button located on Atatürk 
Boulevard (D010 - Samsun Sinop road) in Körfez neighborhood of Atakum district of Samsun 
province was examined (Fig. 3). In determining this pedestrian crossing, observation of heavy 
pedestrian and vehicle traffic was effective due to the density of commercial enterprises around 
the region, the location on the crossing route to the beach, and the schools and Ondokuz Mayıs 
University campus around it. 

 
Fig. 3. Pilot area location [36-37] 

In a study conducted to determine the traffic risk index of provinces in Türkiye, Samsun was 
found to be 65th risky in Türkiye [38]. Although this suggests that Samsun is one of the least 
risky cities in terms of traffic, the intense pedestrian and vehicle mobility, especially around 
Ondokuz Mayıs University and on the coastal line, brings various risks. 

According to TÜİK statistics on the number of traffic accidents, deaths and injuries by 
provinces (2022), a total of 19,540 traffic accidents occurred in Samsun in 2022. 3,626 traffic 
accidents resulted in death or injury and 110 people died and 5,399 people were injured in these 
accidents [4].  In terms of the total number of traffic accidents, deaths and injuries, it is seen 
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that Samsun province ranks quite high in the list. The ratio of people killed and injured per 
accident is also higher in Samsun province compared to Türkiye average. 

In the section where the pilot pedestrian crossing is located, both directions have 3 lanes each 
and the directions are named as north and south axes (Fig. 4). The distance required for 
pedestrians to cross the road is approximately 23 meters. The crossing speed of pedestrians at 
crosswalks varies according to age and gender [39]. Although there are many studies on 
pedestrian crossing speeds in the literature [40], it would be a better approach to take into 
account the current studies conducted in Türkiye, considering that pedestrian behavior varies 
from country to country. The average crossing speed of pedestrians at crosswalks is assumed 
to be 0.9 m/sec. 

 
Fig. 4. Pilot area axes [37] 

The pedestrian crossing in the pilot area is a pedestrian crossing with pedestrian push-button 
signalization control. At the starting point of the crosswalk in both directions and at the traffic 
island, there are pedestrian buttons (marked) as shown in Fig. 5. Pedestrian buttons are located 
at the starting point in both directions and at the traffic island. When pedestrians press the button 
to cross the street, the system is activated and vehicles are stopped with a red light while 
pedestrians are signalized with a green light to cross the street safely. 

 
Fig. 5. Pilot area and crosswalk button 
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In order to examine pedestrian and vehicle behaviors at the pedestrian crossing with pedestrian 
warning control in the designated pilot area, video recordings were taken during peak hours 
(between 3.30 pm and 6.00 pm) when vehicle and pedestrian traffic is intense for 10 days. 
Pedestrian and vehicle behaviors from video recordings were manually examined by the 
researchers, the times were determined with a stopwatch and the images were converted into 
numerical data. 

2.2. Examining pedestrian behavior 

Within the scope of the study, the crossing movements of 227 pedestrians using the pilot 
pedestrian crossing were analyzed. Pedestrian crossing movements fluctuate during the day, 
such as fluctuations in traffic flow. The observations revealed that the number of pedestrian 
crossing usage increases during the rush hours of work and school (16.00-18.00). As a result of 
the observations made and the examination of the video recordings obtained, it was determined 
that 62 pedestrians out of 227 pedestrians using the crosswalk crossed the road without using 
the buttons placed to give pedestrians the right of way. While 48 of 62 pedestrians waited for 
the traffic flow to decrease without pressing the button, 14 pedestrians who did not press the 
button crossed the road directly without waiting. 165 pedestrians pressed the button and waited 
for the right of way to be granted to them (Fig. 6). 

 
Fig. 6. Number of pedestrians by crossing types 

In line with the data obtained, it can be said that the majority of pedestrians (72.7%) using the 
pedestrian crossing use the buttons. However, a significant portion (27.3%) do not use the 
buttons. In addition, there is a group of 21.1% who do not use the button even though they are 
waiting, which means that they do not have any knowledge about the working logic of the 
system. Although a large proportion of pedestrians cross safely by using the pushbutton, it is 
necessary to increase the rate of pushbutton use and to give pedestrians this habit. However, 
when the traffic density is not high, pedestrians may want to activate the system and cross the 
street at a convenient time without stopping the vehicles. In addition to lack of knowledge, this 
type of behavior can also be observed in pedestrians who do not use the button. Whether 
pedestrians do not want to use it or do not know the system cannot be fully determined by 
observations. 

There were 165 pedestrians who crossed the street using the pushbutton at crosswalks, and the 
crossing movement was carried out in groups in a total of 67 times. Crossing movements were 
categorized and named according to the direction of crossing (Fig. 7). 
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Fig. 7. Movement directions 

Out of 67 different crossing movements, pedestrians crossed to the north axis 31 times and to 
the south axis 25 times. 11 crossings were observed in opposite directions (Fig. 8). It can be 
said that the lack of equal distribution according to directions is due to the surrounding places 
such as workplaces and beaches, as well as the traffic flow that changes directionally. 

 
Fig. 8. Types of movements 

It was also found that 83.6% of the crossings were one-way crossings. When pedestrians press 
the button in either direction, the red light for both axes is illuminated for vehicles. In other 
words, when pedestrians press the button on the south axis and cross to the north axis, and when 
pedestrians press the button on the north axis and cross to the south axis, vehicles turn red on 
both axes when pedestrians press the button. However, pedestrians are crossing gradually and 
it can be said that pedestrians are moving on only one axis at first. Vehicles on the other axis 
pause unnecessarily. For this reason, different or staggered circuit schemes can be applied on 
the axles if necessary.  

Pedestrians' button pressing positions were also analyzed. Pedestrians pressed the button at the 
north or south starting point 51 times, while 16 times they crossed the first section without 
pressing the button and pressed the button at the traffic island. Similarly, when pushing the 
button at the traffic island, pedestrians benefit from the pause of vehicles to cross only one 
direction. However, the other direction unnecessarily waits at the red light. Unnecessary 
hesitation increases fuel consumption, exhaust emissions and delays. Unnecessary waiting can 
also create tension among drivers and trigger red light running. 



E. Dağlı, A.G. Saraç, M.M. Aydın 

 53 

In addition to drivers, the system also has drawbacks for pedestrians. At crosswalks with 
pedestrian warning signalization systems, after pedestrians press the button, a red light for 
vehicles and a green light for pedestrians turn on after a certain period of time and pedestrians 
have the opportunity to cross safely during this period. However, in 11 out of 67 observations, 
it was observed that pedestrians crossed the street before the green light turned on after pressing 
the button. Observations have shown that the green light for pedestrians turns on very shortly 
after the button is pressed. Pedestrians wanting to cross the street without waiting creates 
possible accident risks. In addition, there is a possibility that pedestrians may cross without 
using the button after waiting for a few seconds, while pressing the button unnecessarily stops 
the vehicles after they have crossed. These situations prevent the system from working 
effectively. In this direction, the system can be operated more efficiently with simple solutions 
such as pedestrians holding the button or waiting on an area on the ground where sensors are 
placed.  

During the examination of the crossing movements at the pedestrian crossing, it was determined 
that the pedestrian push-buttons were used 67 times. When all rounds were analyzed, the 
average of 2 pedestrians crossed for each round, while the standard deviation value was found 
to be 1.5. For the 67 rounds of crossing movements, the parameters of the crossing movements 
such as the position of the button press, the position of the pedestrians when the light turns 
green for pedestrians, the number of pedestrians crossing in that round, the direction of the 
crossing movement, the waiting time for pedestrians and the segment in which the pedestrians 
crossed are analyzed and presented in Table 6. 

Table 6. Obtained pedestrian movement data 
Movement 

Number 
Button 
Pressed 
Position 

Position of 
the 

Pedestrian 
When It 

Turns Green 

Number Of 
Pedestrians 

Waıtıng 

Pedestrian 
Movement 
Direction 

Waiting 
Time Of 

The 
Longest 
Waiting 

Pedestrian 
(sec.) 

Average 
waiting time 

of 
pedestrians 

(sec.) 

Did the 
pedestrian 
cross the 

green 
side? 

/ *  

1 Traffic Island Traffic Island 2 North 11 11 Yes 
2 Sidewalk Road 3 North 4 4 No / 4 
3 Sidewalk Sidewalk 3 Two-way 10 8 Yes 
4 Sidewalk Sidewalk 3 South 8 8 Yes 
5 Traffic Island Traffic Island 2 North 21 21 Yes 
6 Sidewalk Sidewalk 2 South 10 10 Yes 
7 Sidewalk Sidewalk 2 South 9 9 Yes 
8 Sidewalk Sidewalk 1 South 9 9 Yes 
9 Traffic Island Traffic Island 1 North 12 12 Yes 
10 Traffic Island Traffic Island 1 North 8 8 Yes 
11 Sidewalk Road 1 South 3 3 No / 5 
12 Sidewalk Sidewalk 4 North 10 10 Yes 
13 Sidewalk Sidewalk 3 North 10 10 Yes 
14 Sidewalk Sidewalk 3 South 15 15 Yes 
15 Sidewalk Sidewalk 1 North 13 13 Yes 
16 Sidewalk Sidewalk 1 South 10 10 Yes 
17 Traffic Island Traffic Island 3 North 37 27,33 Yes 
18 Sidewalk Sidewalk 1 South 13 13 Yes 
19 Sidewalk Sidewalk 1 South 5 5 No / 5 
20 Traffic Island Traffic Island 1 North 9 9 Yes 
21 Sidewalk Sidewalk 5 Two-way 13 8,5 No / 2 
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22 Sidewalk Sidewalk 2 South 8 8 Yes 
23 Traffic Island Road 3 North 5 5 No / 3 
24 Traffic Island Traffic Island 6 Two-way 20 15,33 Yes 
25 Traffic Island Traffic Island 3 North 16 16 Yes 
26 Sidewalk Road 2 Two-way 5 5 No / 4 
27 Sidewalk Sidewalk 1 South 19 19 Yes 
28 Traffic Island Traffic Island 5 North 20 20 Yes 
29 Traffic Island Road 4 North 11 11 No / 3  
30 Sidewalk Sidewalk 2 Two-way 10 10 Yes 
31 Sidewalk Sidewalk 2 North 8 8 Yes 
32 Sidewalk Sidewalk 1 North 9 9 Yes 
33 Sidewalk Sidewalk 6 North 26 16,6 Yes 
34 Sidewalk Sidewalk 7 North 25 16,67 Yes 
35 Sidewalk Sidewalk 2 North 8 8 Yes 
36 Sidewalk Sidewalk 1 North 9 9 Yes 
37 Sidewalk Sidewalk 3 Two-way 9 9 Yes 
38 Traffic Island Traffic Island 1 North 8 8 Yes 
39 Traffic Island Traffic Island 1 North 6 6 No / 3 
40 Sidewalk Sidewalk 1 South 8 8 Yes 
41 Sidewalk Sidewalk 1 North 7 7 Yes 
42 Traffic Island Road 2 North 3 3 No / 5 
43 Sidewalk Sidewalk 1 South 8 8 Yes 
44 Traffic Island Road 1 South 5 5 No / 3 
45 Sidewalk Sidewalk 3 North 8 8 Yes 
46 Sidewalk Sidewalk 4 Two-way 18 18 Yes 
47 Sidewalk Sidewalk 2 North 10 10 Yes 
48 Sidewalk Sidewalk 3 South 17 17 Yes 
49 Sidewalk Sidewalk 2 South 9 9 Yes 
50 Sidewalk Sidewalk 1 South 8 8 Yes 
51 Sidewalk Sidewalk 3 North 8 8 Yes 
52 Sidewalk Sidewalk 2 Two-way 8 8 Yes 
53 Sidewalk Sidewalk 5 North 11 11 Yes 
54 Sidewalk Sidewalk 2 South 16 16 Yes 
55 Sidewalk Sidewalk 2 South 12 12 Yes 
56 Sidewalk Sidewalk 5 North 8 8 Yes 
57 Sidewalk Sidewalk 1 South 8 8 Yes 
58 Sidewalk Sidewalk 2 South 8 8 Yes 
59 Sidewalk Sidewalk 5 Two-way 9 9 Yes 
60 Sidewalk Sidewalk 2 South 8 8 Yes 
61 Sidewalk Sidewalk 2 Two-way 8 8 Yes 
62 Sidewalk Road 5 Two-way 10 8,33 No / 3 
63 Sidewalk Sidewalk 4 South 8 8 Yes 
64 Traffic Island Traffic Island 1 North 9 9 Yes 
65 Sidewalk Sidewalk 3 North 51 24,33 Yes 
66 Sidewalk Sidewalk 1 South 8 8 Yes 
67 Sidewalk Sidewalk 3 South 8 8 Yes 

* If the pedestrian crossed on red, how many seconds after it turned green? 
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During the 67 rounds in which the pedestrians activated the signalization system, the time they 
waited for the right of way to be granted to them was obtained. The average waiting time of 
pedestrians is 10.4 seconds for all rounds with a standard deviation of 4.78 seconds. Fig. 9 
shows that the waiting times are much lower or higher than the average. 

 
Fig. 9. Average waiting time of pedestrians 

The longest waiting time for pedestrians waiting for a green light was also analyzed. The 
average waiting time for all rounds is 11.4 seconds with a standard deviation of 7.55 seconds. 
It can be seen from the data that although the waiting times are quite short, some rounds have 
high waiting times. More efficient and safer solutions for pedestrians should be developed with 
a more systematic pedestrian push-button signalization system. 

According to the data obtained, 46.3% of the crossing movements in 67 different rounds were 
made on the north axis and 37.3% on the south axis. In 16.4% of the crossing movements, a 
two-way crossing was realized. In addition, pedestrians generally pressed buttons on the 
sidewalks at points that can be considered as starting points for crossing (76.1%). However, 
some pedestrians (23.9%) did not use the pushbutton on the first axis when the traffic flow was 
calm for crossing the street, but used the pushbutton when they reached the traffic island due to 
the heavy traffic flow on the other axis (Fig. 10). 

 
Fig. 10. Movement distribution according to movement directions 

It has been observed that pedestrians tend to cross before the light turns green if there is a 
dilution in the traffic flow after pressing the button and there is an opportunity to cross. The 
locations of pedestrians who pressed the button when the light turned red for vehicles and green 
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for pedestrians were also analyzed within the scope of the study. 11.9% of the pedestrians did 
not wait for the green light to turn on and turned green when they were on the road platform. 
When the light turned green, 70.2% of pedestrians waited on the sidewalk and 12% waited on 
the traffic island. 

2.3. Examining driver behavior 

At crosswalks with pedestrian push-button signaling systems, a red light is turned on for 
vehicles at the same time as a green light is turned on for pedestrians to give pedestrians the 
right of way. Thus, vehicles are kept waiting for pedestrians to cross safely.  

Within the scope of the research, a total of 791 vehicles were stopped due to red lights during 
the 67 rounds in which the system was activated. The information about the vehicles stopped 
at red lights (how many vehicles stopped, the waiting time of the first stopped vehicle, average 
waiting time) is given in Table 7. 
 

Table 7. Obtained vehicle data stopping at the pedestrian crossing 
Tour 

Number 
Number of 
Vehicles 

Waiting at 
Red Light 

Waiting Time for 
the First Vehicle 

to Stop  
(sec.) 

Average Waiting 
Time of Vehicles 

for South Axis 
(sec.) 

Average 
Waiting Time of 

Vehicles for 
North Axis 

(sec.) 
1 10 25 14,5 15,00 
2 4 24 11 20 
3 7 25 23,67 16,25 
4 10 23 7,5 15,50 
5 8 23 10,5 14,75 
6 9 25 20,75 20,00 
7 9 24 13 18,67 
8 6 25 12,25 19 
9 11 13 11,88 10 
10 3 18 18 13,5 
11 8 25 13,6 18 
12 9 23 14,57 18 
13 7 24 15,8 21,5 
14 8 25 23 15,29 
15 22 25 15,87 16,33 
16 12 25 9,57 13 
17 16 26 16 15,75 
18 15 25 19,69 9,5 
19 18 25 17,5 16,5 
20 11 24 9 15,33 
21 7 25 10 18,6 
22 4 18 6 15 
23 4 21 13 14,67 
24 12 25 19,33 19,67 
25 16 26 16 15,75 
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26 4 22 12 16,67 
27 20 24 13,58 21 
28 7 24 3,67 15,75 
29 23 25 14,17 0 
30 18 25 17,00 22 
31 24 26 16,45 18,75 
32 4 24 14 24 
33 16 25 7,57 17 
34 13 24 18,33 7,25 
35 18 26 18,56 14,5 
36 21 26 17,39 11 
37 5 25 9,67 22,5 
38 23 25 16,37 19,5 
39 18 21 13,31 8,5 
40 10 26 18,29 10 
41 10 25 9,40 19,6 
42 21 25 19,07 0 
43 18 25 15,93 23,3 
44 5 21 0 15,4 
45 4 18 0 11,5 
46 7 27 21 14,33 
47 14 27 7,5 18,33 
48 8 22 12,17 14,5 
49 4 22 22 17,67 
50 3 19 11,5 19 
51 0 0 0 0 
52 14 23 15,69 11 
53 12 26 7,67 20,17 
54 8 15 12,5 13,5 
55 9 23 12 18,8 
56 17 26 14,62 11 
57 21 25 17 15,17 
58 17 24 16,08 18,8 
59 16 22 14,33 12,5 
60 19 7 14,67 3,75 
61 21 8 15,33 13,6 
62 19 25 18,53 10,5 
63 5 17 16 11,67 
64 20 25 18 19 
65 15 23 13,64 22 
66 5 24 0 15,8 
67 9 23 5,67 16,83 

Mean (x̄) 12 23 13,4 15,2 
SD (𝜎) 6,29 4,8 5,4 5,1 

           SD (𝜎) : Standart deviation 
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As a result of the observations, average waiting time of vehicles for south axis was 13.4 seconds 
(SD=5.4) and average waiting time of vehicles for north axis was 15.2 seconds (SD=5.1). It 
was also found that an average of 12 vehicles stopped for each round and the first stopped 
vehicle waited at the red light for an average of 23 seconds. No vehicle waited at the red light 
for 3 rounds for South axis and 2 rounds for North axis. As a result of the observation, it can be 
said that the volume value for the south axis is higher than the north axis. It is thought that this 
is due to the fact that there is usually a movement of leaving work and returning to residential 
areas during the observation periods. The number of vehicles waiting at red lights during the 
rounds is given in Fig. 11. 
 

 
Fig. 11. Number of vehicles waiting at red light 

In the observations made within the scope of the study, it was determined that an average of 12 
vehicles paused at crosswalks as a result of the signalization system during all rounds. When 
the graph is analyzed, it is determined that 6 or less vehicles stopped at the lights in 15 rounds. 
This shows that on the road with 2 directions and 3 lanes, assuming that the vehicles are equally 
distributed directionally, an average queue of 1 vehicle is formed in each lane. In the 40 laps, 
12 or less vehicles stopped at the lights. Similarly, on a 2-way and 3-lane highway, queue 
formation of 1 or 2 vehicles per lane can be mentioned. Queues of 1 or 2 vehicles are scenarios 
that do not constitute a major obstacle for vehicles to accelerate after a red light. However, as 
the number of stopped vehicles starts to increase as a result of the signaling system at crosswalk, 
a significant increase in delay values can be observed due to both the number of queues and 
acceleration. 

In cases where a total of 19 or more vehicles were stopped for both directions, it shows that 
queue formation of 3 or more vehicles occurred on average in each lane on the road with 2 
directions and 3 lanes, assuming that the vehicles are equally distributed directionally. When 
the delay data for these rounds are analyzed, it is found that the Average Waiting Time of 
Vehicles for South Axis value is higher than the average delay value obtained for all rounds in 
rounds with queues of 3 or more vehicles. However, the same is not the case for the north axis. 
In this case, it is thought that the inference that the volume value for the south axis is higher 
than the north axis, as emphasized earlier, is effective.  

In order to determine the state of traffic flow, the distribution of the data obtained according to 
hours was realized (Fig 12). While examining the pedestrian crossing usage, it was determined 
that the number of crosswalks used by pedestrians increased during the rush hours of work and 
school (16.00-18.00). In parallel with the intensity of pedestrian crossing use, the number of 
vehicles waiting at crosswalks when the red light turns red for vehicles is considerably higher 
during these hours compared to other time periods. 
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Fig. 12. Average number of vehicles passing 

3. Conclusions and recommendations 

In this study, pedestrian and driver behaviors at crosswalk with pedestrian push-button 
signalization control were investigated.  In this context, data were obtained by making video 
recordings on different days and hours at the pilot pedestrian crossing determined in Samsun 
province. The crossing movements of 227 pedestrians using the crosswalk were analyzed. 165 
pedestrians crossed the street using the pedestrian push-button in 67 different rounds. In this 
process, 791 vehicles in total paused due to the red light in 67 rounds when the pedestrians 
turned green and the vehicles turned red. In the studies conducted, pedestrians were not 
evaluated in terms of age and gender. For more comprehensive analysis, a study can be 
conducted that takes into account biological differences and psychological and behavioral 
differences in pedestrian behavior. In this way, the effective parameters in pedestrian behavior 
can be determined. 
 
When the behaviors of pedestrians and drivers were analyzed, the following conclusions were 
reached. 

• Although pedestrians generally use the pedestrian push-button, there are pedestrians 
waiting without using the button. It is thought that pedestrians may not know how the 
system works. 

• Pedestrians using the button do not wait for the green light to turn green to cross the 
road, but cross when they find a suitable moment, and vehicles are stopped 
unnecessarily if the light turns green after crossing. 

• If the button is pressed on the median, only one-way passage is provided and traffic is 
unnecessarily stopped on both axes. 

• At one-way crossings, it may be unnecessary to stop traffic for both axes at the same 
time until the pedestrian reaches traffic island from the starting point. 

• Unnecessary stops can create impatience for drivers and a tendency to run red lights. 

• The green light duration defined for pedestrians was found to be appropriate based on 
the required duration calculated based on average pedestrian speeds and pedestrian 
crossing movements during observations. 
 
 

In line with the results obtained, the suggestions developed for the system to work more 
effectively are presented below. 
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• Authorities should ensure that pedestrians understand the working logic of the system 
and encourage them to use it when necessary. 

• Administrators should take measures to detect the presence of pedestrians in order to 
prevent unnecessary waiting of vehicles when pedestrians press the button but do not 
turn green. Simple solutions such as pressing the button or waiting in a defined area 
with sensors can be used. In addition, a mechanism should be added to make the button 
inactive in case of abandonment. 

• A staggered or independent signal plan for the two axes can prevent unnecessary stops 
on both axes at the same time. If a button is pressed on the traffic island, pedestrians 
should be given a green light only for the axis in the direction of travel, not for both 
directions. 

• If the system is used more efficiently, pedestrian safety will increase and unnecessary 
waiting for vehicles will be eliminated. Thus, decreases in fuel consumption and exhaust 
emissions can be seen. This is very important to provide a more environmentally 
friendly transportation infrastructure. 
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