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Abstract: At non-signalized marked crosswalks, pedestrian priority is neither well-defined nor well
acknowledged by drivers. This paper presents the findings of an investigation on both driver and
pedestrian behavior at non-signalized marked crosswalks located on channelized right-turn lanes at
intersections in the State of Qatar. Five crosswalks in Doha city were video recorded from discrete locations
on a typical working day. The results from the data analysis of 1620 pedestrians’ behavior indicated that
waiting behavior, gap acceptance, and crossing speed are complex phenomena and depend upon both
pedestrians’ characteristics as well as their crossing characteristics. The drivers’ yielding behavior was
mainly linked to pedestrians’ gender and adjacent land use. Low driver yielding rates indicated that
significant improvements are required to enhance pedestrian safety. Among pedestrian attributes, gender
had the most significant effect on crossing behavior followed by distractions, crossing in a group or alone,
and dressing style. Findings of this research will be useful for planners when designing crosswalks at
new intersections and during simulations of pedestrian and driver behavior at marked crosswalks on
exclusive right-turn lanes. The results of this study will also be directly applicable to the Arabian Gulf
countries as they exhibit similar conditions as the State of Qatar.

Keywords: pedestrian safety; crossing behavior; yielding behavior; power paradox; gap acceptance;
waiting behavior; crossing speed

1. Background

In the State of Qatar, almost all signalized intersections have channelized dedicated right-turn
lanes for right-turning vehicles. These exclusive right-turn lanes are provided with marked crosswalks
to facilitate safe pedestrian crossing maneuvers. These crosswalks are rarely controlled by traffic signals.
Standard zebra markings (white and black lines) are used to indicate the pedestrian crossing area and
warning signs are installed to alert drivers that they are approaching a designated crossing location.
Globally, pedestrians have the priority at these crosswalks and drivers are expected to yield to them.
In the State of Qatar, drivers should stop in front of the crosswalk to allow safe crossing for pedestrians
as per Qatar Traffic Law [1]. The drivers may face a fine of 300 Qatari Riyal (approx. 83 USD or 76 EUR)
if they do not yield to the waiting/crossing pedestrians [2]. However, in reality, it is observed that
the drivers compete with pedestrians over the right of way. Hence, pedestrians commonly have to
wait for an appropriate gap to cross at these locations. Because of this, these marked crosswalks do
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not function properly and can force pedestrians to cross at less safe undesignated locations, which
impose additional safety risks. In common with many rapidly growing countries, the State of Qatar
has a high percentage of pedestrian fatalities. Between 2005 and 2018, on an average a third of the
total road fatalities were pedestrians [3]. The authorities aim to reduce the share of pedestrians to
17% by applying various strategies. To aid this objective, this study investigates the crossing behavior
of pedestrians and yielding behavior of drivers at uncontrolled (non-signalized) marked crosswalks
located on channelized right-turn lanes. The paper is organized as follows; Section 2 summarizes the
past literature, followed by Section 3 which explains the road user behavior at marked crosswalks.
Further, Sections 4 and 5 briefs about data collection process and overview of the data respectively.
Subsequently, Sections 6 and 7 analyses pedestrians’ and drivers’ behavior at marked crosswalks
respectively. Finally, Section 8 presents discussion of results, followed by conclusions in the Section 9.

2. Literature Review

Pedestrian crossing behavior is a complex phenomenon. Some studies have investigated the
pedestrians crossing at non-designated locations [4–6], while other studies have investigated pedestrians
crossing at signalized crosswalks [7–13]. Variables considered include, crossing choice, waiting time,
initial reaction time, walking speed, violations, and difference between individuals and groups.

To assess pedestrian safety, pedestrians’ gap acceptance behavior at marked midblock crosswalks was
studied [14–16]. Further, pedestrians’ crossing behavior, waiting time, and number of attempts at mid-block
crossings were modeled for divided and undivided crossings by Hamed [17]. Waiting time, crossing
speed, running while crossing, and looking before crossing were compared for three pedestrian subgroups
(children alone, adults alone, and adult-child pairs) at four mid-block crosswalks in Beijing, China [18].
Another study investigated the pedestrian crossing patterns at mid-block crosswalks using entry/exit pairs
and turning points to determine reasons for curved paths [19]. Lane-based assessment of pedestrian-vehicle
conflicts was undertaken using post-encroachment time (PET) between vehicles and pedestrians at a
marked midblock crosswalk and the effect of waiting time on PET was also investigated [20,21].

Many studies have assessed the crossing speed at marked crosswalks at junctions and midblock
locations. However, to the best of our knowledge, there are only a few studies on pedestrian crossing
behavior at crosswalks located at channelized right-turn lanes at intersections. A methodology was
presented to determine pedestrian delays for different vehicle arrival rates at exclusive right-turn lanes at
an intersection. Rules of conflict models were proposed for pedestrian delay, and pedestrian capacity was
determined for two traffic conditions. An Erlang distribution was fitted for vehicles’ headway distribution
for unsaturated and saturated release periods using 213 continuous headways (108 for saturated and
102 for unsaturated release periods) observed at an exclusive right-turn lane in China [21].

In addition, the driver yielding behavior is vital for pedestrian safety at non-signalized marked
crosswalks. It is an area which needs further research in both developing and developed countries.
In previous studies, low driver yielding rates were observed at non-signalized marked crosswalks
at mid-blocks and near junctions [22–24]. The effect of pedestrians’ gestures, smile, advance yield
markings, and low-cost engineering improvements on driver yielding behavior at marked crosswalks
was studied by Zhuang and Wu [22], Guéguen et al. [23], Samuel et al. [24], and Sandt et al. [25]
respectively. In case of low driver yielding rates, pedestrians must use their own judgment when they
cross the road. This involves the assessment of traffic conditions, gap acceptance, and choice of suitable
crossing speed which ensure safety.

This study investigates pedestrian and driver behavior at marked crosswalks on channelized
right-turn lanes. The characteristics of pedestrians’ crossing behavior, such as waiting time, crossing
speed, and accepted gaps, are analyzed along with driver yielding behavior. Additionally, models for
pedestrians’ waiting behavior are presented in order to determine the probability of waiting and the
duration of waiting time. The scope of this study is limited to pedestrians and motorized vehicles only,
additional road users such as cyclists, users of personal mobility vehicles were not included in the
analysis as the proportion of these users was minimal.
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3. Users’ Behavior at Marked Crosswalks

Figure 1 shows the framework for pedestrians’ crossing behavior at marked crosswalks located on
a channelized right-turn lane. In many cases, while approaching the marked crosswalk, a pedestrian
analyzes the situation and if they do not see any oncoming vehicle/s, they start crossing without waiting
at the sidewalk. If they see any oncoming vehicle while crossing, they accelerate or run to complete
the crossing. This can be dangerous if the driver does not yield and continues at the same speed.
However, if a pedestrian sees a vehicle or a series of oncoming vehicles, they wait at the sidewalk until
they can cross safely. If the oncoming vehicle gives the right of way to the pedestrian by yielding, then
the pedestrian starts crossing and completes the crossing maneuver safely; this is the safest crossing
scenario. If the oncoming vehicle or series of vehicles do not stop, then the pedestrian must wait for a
sufficient gap in the traffic stream before they can start crossing. The longer the pedestrian has to wait,
the greater the chances that they will take risks when they cross. Drivers yielding and respecting the
pedestrians’ right of way are essential for pedestrian’s safety at these crosswalks.Sustainability 2019, 11, x FOR PEER REVIEW  4  of  19 
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Figure 1. Activity diagram showing behavior at marked crosswalk on exclusive right-turn lane
at intersections.

Some special cases, which impact pedestrian safety, are summarized below:

• Some pedestrians step down from the sidewalk onto the crosswalk and wait for a gap in the traffic
stream. This sometimes compels drivers to yield;

• Sometimes, the pedestrian makes more than one attempt for initiating crossing. This occurs when
drivers do not acknowledge the pedestrian’s right of way;

• Some pedestrians start crossing as soon as the approaching vehicle is seen and cross the crosswalk
just after a vehicle has passed and before the next one arrives. This is rolling gap acceptance;
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• Some pedestrians, who arrive running, maintain the same speed when on the crosswalk.
This behavior can be risky, as the pedestrian might not have made accurate judgments about the
speed or distance of oncoming vehicles; and

• Some pedestrians appear distracted when they cross. Examples include talking with companions
while crossing in groups, using a mobile phone, carrying luggage, grooming, drinking or eating,
reading, looking at the surrounding instead of oncoming traffic, searching their bags, carrying a
bicycle or umbrella, holding a child’s hand, or pushing a stroller.

From the above observed special cases, only the effect of pedestrians crossing without waiting
and distraction were considered in the analysis and pedestrians who waited on the road, rolling gap
acceptance, and number of attempts were not considered.

4. Data Collection

Five marked non-signalized crosswalks located on channelized right-turn lanes at signalized
intersections in Doha City were selected for this study. The details of the crosswalks are provided
in Table 1. The site photos of the selected crosswalk are available in Appendix A. The Lekhwair
intersection has office buildings nearby and the Al Rufaa intersection is situated in a commercial area.
Similarly, the City Center intersection has office buildings and commercial land use in its vicinity.
In contrast, the Al Meena intersection is located in a mostly recreational area. It should be noted that
this site has government offices, which are mainly accessed by car, on one side; hence, all pedestrian
activity takes place to access the recreational facilities. The details of land use are provided in Table 1.
The pedestrian and vehicle movements were video recorded on typical working days when the weather
conditions were good. The temperatures during the recording days across all sites varied from 19 ◦C
to 37 ◦C. The cameras were placed on the top floors of adjacent commercial buildings or hotels to get a
clear view of the intersection. Manual data extraction was done for all crosswalks to record pedestrians’
personal attributes and crossing characteristics individually by reviewing the videos multiple times.
The data was extracted by two team members who have assessed each other’s work initially and came
to a point of mutual agreement before proceeding for main data extraction. This helped to minimize
the error in data extraction process. Pedestrian age was noted under four categories; children, young,
middle-aged, and elderly. Based on appearance and walking style, each pedestrian was classified into
one of the defined age groups. To compute the waiting time and crossing time, the arrival time of a
pedestrian was taken as the time at which both of the pedestrian’s feet were at rest on the sidewalk or
island. The departure time was defined as the time at which the pedestrian lifted their feet to initiate
the crossing maneuver. The time for completion of a crossing was defined as the time at which both the
pedestrian’s feet were again on the sidewalk or island. Further, the pedestrian’s hand movements and
the directions in which they were facing were used to judge whether they were walking in a group and
talking with each other or not. The pedestrians’ crossing direction was recorded because the pedestrians’
visibility might be affected by the curvature of the road and drivers’ focus on the main traffic stream
with which they intend to merge, thus reducing their attention for pedestrians crossing toward the
intersection. Pedestrians’ crossing location was noted based on three categories: at a crosswalk, near a
crosswalk (within 1 m of the crosswalk width), and away from a crosswalk. The pedestrians’ crossing
path was also noted as belonging to three categories: perpendicular, oblique, and other. The headways
of right-turning vehicles and pedestrians were extracted from video recordings.
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Table 1. Details of land use at studied sites.

Land Use Description

Commercial Includes small- and medium-sized shops, restaurants, grocery stores,
and general stores

Commercial and offices Includes large multi-storey shopping mall and government (ministry offices) in
multi-story buildings

Offices Includes multi-story buildings with only offices having banks, government
offices, and general post office

Recreational Includes parks and museums

5. Data Overview

An overview of vehicle and pedestrian traffic characteristics is shown in Table 2. It was observed
that, overall, 18.3% of pedestrians crossed at locations away from a crosswalk and, hence, their start or
end times were not available. These include pedestrians crossing at the island marking or at the main
roads of an intersection. The proportions of pedestrians crossing outside crosswalks were highest for
the Al Rufaa intersection (26.1%) and lowest for the City Center intersection (3.4%). This might be due
to locations of access to attractions at the intersections and familiarity with the intersection. It should
be noted that the Al Rufaa intersection provides access to small and medium-scaled daily needs shops
where residents go multiple times a week. Complete datasets of 620, 449, 280, 126, and 145 pedestrians
were used for statistical analysis of the Al Rufaa intersection, City Center intersection, Lekhwair
intersection, Al Meena intersection south-east approach, and Al Meena intersection south-west
approach, respectively. Table 3 shows the descriptive characteristics of 1620 pedestrians observed at
five crosswalks in Doha City. Around 88% of the observed pedestrians were male while about 60% of
them belonged to the middle-aged group. Two-thirds (67%) of the observed pedestrians were wearing
casual outfits followed by business attire (22%), and traditional clothes (7.5%). Very few blue-collar
workers were observed at the selected sites. It is probable that the pedestrians wearing casual clothes
were on a shopping or recreational trip, while those in formal and workers’ clothes were walking to or
from work or to buy food and drinks. Pedestrian clothing was recorded so that consideration could be
given to the crossing behavior of those wearing traditional clothes in the Gulf Cooperation Council
(GCC) countries. It had been anticipated that common male and female traditional clothes might limit
walking speed. Further, behavior of workers, who mostly come from Asian background and do not
have exposure to well-planned transport infrastructure and traffic conditions in GCC, may be different
from other pedestrians. In addition, the behavior of local Qatari may differ from non-local pedestrians.
Unfortunately, at the study site, few pedestrians with traditional clothes and workers were observed.
In addition, observations indicated that almost 40% of the pedestrians were carrying something like
baggage or goods, which may have affected their crossing behavior.

Over a third (37%) of observed pedestrians crossed in a group and the maximum group size
was nine. Out of them 73.5%, 14.6%, and 11.9% were crossing in groups of two, three, and four or
more, respectively. Previous research has shown that pedestrians who are distracted tend to make less
safe crossing decisions [26,27]. For the observed sites, 22.5% of observed pedestrians were distracted
while crossing. The main causes of distraction were talking in groups (65.1%), and texting or calling
using mobile phones (20.6%). Around 8.2% of pedestrians had more than one type of distraction. It is
important to note that the distraction items in Table 3 do not include pedestrians who were using
a mobile phone or carrying a bag in their hand. In a previous study, around 30% of the observed
pedestrians were under some type of distraction while crossing, out of which 13.5% distractions was
because of mobile phone use [28].
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Table 2. Selected crosswalk characteristics.

Site Approach
(Abbreviation) Land Use Cw Cl (m) T(◦C) Vv

∆hv Avg (min,
max) (s)

Vp Observed
(Used)

∆hp Avg (min,
max) (s)

Al Rufaa
intersection South-East (SE) Commercial 3.00 6.01 20–26 1692 5.29 (0.36, 62) 839 (620) 10.71 (0,165.64)

City center
intersection

North-West
(NW)

Commercial
& offices 3.03 5.52 29–37 2289 7.52 (0.1, 72.2) 465 (449) 36.95 (0,349)

Lekhwair
intersection North-East (NE) Offices 2.70 4.57 19–22 2693 14.58

(0.99,427.92) 354 (280) 113.32
(0,1129.20)

Al Meena
intersection

South-East (SE)
Recreational

3.05 5.14
26–37

2722 16.23 (1.0,206) 160 (126) 272.25 (0,1954)

South-West (SW) 3.05 4.77 6162 6.95 (0.60,113.68) 164 (145) 251.93
(0.04,3639.36)

Note: Cw is crosswalk width, Cl is crosswalk length, Vv is total vehicle volume, ∆hv is vehicle headway, Vp is total
pedestrian volume, and ∆hp is pedestrian headway.

Table 3. Pedestrian characteristics at selected crosswalks.

Characteristic Classification Frequency Proportion (%)

Gender
Male 1422 87.8

Female 198 12.2

Age group

Children 10 0.6
Young 638 39.4

Middle-aged 943 58.2
Elder 29 1.8

Dressing style

Formal 357 22.0
Traditional 120 7.4

Casual 1082 66.8
Worker 61 3.8

Bag Yes 647 39.9
No 973 60.1

Group Yes 598 36.9
No 1022 63.1

Mobileuse_waiting Yes 95 5.9
No 1525 94.1

Mobileuse_crossing Yes 75 4.6
No 1545 95.4

Distraction
Yes 364 22.5
No 1256 77.5

Total 1620

6. Pedestrian Behavior Analysis

6.1. Description of Data

Table 4 summarizes the characteristics of pedestrian behavior at the study site. The direction of
pedestrians’ crossing indicated that slightly over half (54%) crossed toward the intersection and the
remaining pedestrians crossed away from the intersection. Around half of the observed pedestrians
crossed at the designated crosswalk and the remaining pedestrians crossed near or away from the
crosswalk, even though it is less safe to cross at locations other than designated crosswalks.
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Table 4. Characteristics of pedestrians’ crossing behavior.

Characteristic Classification Frequency Proportion (%)

Crossing direction Toward intersection 867 53.5
Away from intersection 753 46.5

Crossing path
Perpendicular 649 40.1

Oblique 908 56.1
Other 63 3.9

Crossing location
At crosswalk 815 50.3

Near crosswalk 466 28.8
Away from crosswalk 339 20.9

Table 5 presents the descriptive statistics of pedestrians’ crossing behavior at the study sites.
The waiting time analysis showed that over a third (38%) of the observed pedestrians waited before
initiating a crossing maneuver. The average, minimum, and maximum waiting time for pedestrians
were 3.8, 0.0, and 132.4 s, respectively. The Kolmogorov–Smirnov (K-S) test showed that the waiting
times of pedestrians, who waited before crossing, were distributed according to a Pearson 6 distribution
with a test statistic of 0.02621 and significance of 0.7865. The parameters of the distribution were
α1 = 1.285, α2 = 2.0271, and β = 8.6461. The details of the distribution are provided in Appendix C.

Table 5. Descriptive statistics of pedestrians’ crossing behavior.

Characteristic Average Minimum Maximum

Waiting time (s) 3.84 0 132.36
Crossing speed (m/s) 1.35 0.38 4.53

Accepted gap * (s) 14.55 2.08 120.91
Number of conflicting vehicles faced 1.19 0 26

* 896 cases of pedestrians used for analysis.

The pedestrian’s crossing time is defined as the time difference between the time when a pedestrian
initiates a crossing until the time they complete it. The crossing speed was estimated by dividing the
crossing distance by the observed crossing time. The observed average crossing speed was 1.35 m/s
and the 15th percentile crossing speed was 1.05 m/s. A study found that the average crossing speed
on a crosswalk at channelized right-turn lanes was 1.30 m/s [21]. This was slightly lower than the
average crossing speed observed in this study. The crossing speed followed a Burr distribution (test
statistic = 0.0301, p = 0.1022) with distribution parameters k = 0.7625, α = 8.0272, and β = 1.2345 (see
Appendix C for details). The size of accepted gaps was noted for pedestrians who crossed when traffic
was moving. Records where pedestrians crossed when there was either no traffic or queued traffic,
were excluded from gap acceptance calculations. In total, 896 pedestrians accepted gaps with average,
minimum, and maximum values of 14.55, 2.08, and 120.91 s, respectively. The accepted gaps were
determined to follow a Dagum distribution (test statistic = 0.02329, p = 0.70668) with distribution
parameters k = 7.4199, α = 1.8244, and β = 2.752 (see Appendix C for details).

6.2. Statistical Analyses

This section presents results of statistical analyses for waiting behavior, crossing speed, and size of
accepted gaps. Because of their limited sample size (see Table 3), the age group of elderly pedestrians
was excluded from waiting time analysis. Chi-square tests were conducted between various subgroups
to check whether the dependent parameters were related to pedestrian characteristics. The analysis of
variance (ANOVA) was undertaken using non-parametric Mann-Whitney tests because the distribution
of waiting time, crossing speed, and accepted gaps was not normal. The detailed results of statistical
analysis are provided in Appendix B. All statistical analyses were undertaken using the IBM SPSS
Statistics 23.0 software.
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6.2.1. Waiting Behavior

Pedestrians’ waiting behavior was considered in two parts. First, the factors affecting pedestrians’
decisions to wait were considered and second, the differences in time spent waiting for suitable
gaps, between various subgroups, were investigated. It is important to investigate factors affecting
pedestrians’ decisions to wait because low yielding rates, for drivers, have been observed at marked
crosswalks [22,24]. Chi-square tests were conducted between various subgroups to check whether
the decision to wait is related to pedestrian characteristics. The results suggested that the waiting
decision was not related to pedestrian characteristics such as age group (χ2 = 0.242, p = 0.886) or
baggage (χ2 = 0.299, p = 0.584), but was moderately correlated with higher traffic volumes—which is
obvious since it can be explained by the fact that pedestrians do not expect drivers to give way under
such circumstances (χ2 = 212.137, p = 0.001, φ = 0.362) and land use (χ2 = 90.395, p = 0.001, φ = 0.236).
Almost half of all pedestrians waited at the Al Rufaa intersection, having commercial land use and
19% of pedestrians waited at the Lekhwair intersection with office land use. Further, the proportion of
waiting pedestrians was 37% and 30% for the City Center and Al Meena intersections. This indicates
that pedestrians are less likely to wait when they are heading to or from work. The decision to wait was
also weakly related to gender (χ2 = 14.801, p = 0.001, φ = −0.096), distraction (χ2 = 11.144, p = 0.001,
φ = 0.083), crossing in a group or alone (χ2 = 7.173, p = 0.007, φ = 0.067), mobile phone use (χ2 = 4.111,
p = 0.043, φ = 0.050), dressing style (χ2 = 8.299, p = 0.040, φ = 0.072), crossing location (χ2 = 10.893,
p = 0.004, φ = 0.082), and direction of crossing (χ2 = 15.276, p = 0.001, φ = 0.097).

The analysis of times spent waiting for gaps indicated that there was a statistically significant
difference between the waiting times of males and females (Z = −2.798, p = 0.005), distracted and
non-distracted pedestrians (Z = −2.800, p = 0.001), pedestrians’ crossing direction (Z = −3.288, p = 0.001)
and crossing in a group or alone (Z = −2.283, p = 0.022). The average waiting time was 69.2%,
81.7%, 43.8%, and 30.5% longer for females, distracted pedestrians, pedestrians crossing toward
an intersection, and pedestrians crossing in groups compared with their counterparts, respectively.
The time spent waiting to cross differed for various age groups (χ2 = 20.746, p = 0.001), dressing styles
(χ2 = 11.234, p = 0.011), and land use (χ2 = 8.603, p = 0.035) with the lowest waiting times observed
for middle-aged pedestrians, pedestrians heading to or from work, and pedestrians at the Lekhwair
intersection respectively. There were no links between the time spent waiting for gaps and the use of
mobile phones, baggage, and crossing location.

6.2.2. Crossing Speed

The results of ANOVA for various subgroups indicated that there were statistically significant
differences in crossing speeds for gender (Z = −6.906, p = 0.001), distracted pedestrians (Z = −7.854,
p = 0.001), group (Z = −7.483, p = 0.001), crossing direction (Z = −3.457, p = 0.001), baggage (Z = −3.188,
p = 0.001), and conflict (Z = −2.255, p = 0.024). The average crossing speeds were 11.86%, 11.22%,
9.67%, 3.31%, 4.97%, and 2.57% slower for female pedestrians, distracted pedestrians, pedestrians in
groups, pedestrians crossing towards intersection, pedestrians with bag, and pedestrians who crossed
when traffic was present respectively. Slower crossing speeds have safety implications in terms of
additional exposure to conflicting vehicles. Furthermore, the crossing speed for pedestrians age groups
(χ2 = 27.922, p = 0.001), crossing path (χ2 = 33.572, p = 0.001), dressing style (χ2 = 13.281, p = 0.004),
and land use (χ2 = 160.576, p = 0.001) were also significantly different. The findings for crossing speed
related to gender, age and group were similar to the findings obtained for marked midblock crosswalks
in Germany and China [29]. There was no link between the use of a mobile phone, crossing location,
and waiting decision with the crossing speed.

6.2.3. Size of Accepted Gaps

The analysis of the size of accepted gaps showed that the average values were statistically different
when divided by gender (Z = −4.580, p = 0.001), crossing direction (Z = −3.938, p = 0.001), distraction
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(Z = −3.247, p = 0.001), crossing in a group or alone (Z = −4.496, p = 0.001), mobile phone use
(Z = −2.269, p = 0.023), carrying baggage (Z = −2.747, p = 0.006), and waiting (Z = −2.842, p = 0.004).
The accepted gaps were 23.4%, 15.3%, 33.9%, 19.8%, 28.8%, 18.5%, and 9.2% higher for females,
pedestrians crossing toward intersection, distracted pedestrians, pedestrians in groups, pedestrians
without a mobile phone, pedestrians with bags, and pedestrians who did not wait before crossing,
respectively. The accepted gaps varied for all age groups (χ2 = 14.845, p = 0.002) and land uses
(χ2 = 174.468, p = 0.001). Moreover, there was no significant relationship between the size of the
accepted gap and dressing style or crossing location.

6.2.4. Pedestrians’ Waiting Time Model

At the unsignalized marked crosswalks, pedestrians often have to stop in order to accept a
suitable gap. The time spent waiting for a suitable gap is a factor in pedestrian safety since low driver
yielding rates are observed. This section presents pedestrians’ waiting behavior models using Binary
Logistic Regression (BLR) and determines the probability of a pedestrian waiting before crossing.
Initially, all relevant variables were included in the model. A stepwise selection of variables was done,
using a forward selection method based on the significance of likelihood ratio test, to obtain the final
model as shown in Table 6. The significant variables associated with the likelihood of waiting were
gender, distraction, crossing direction, presence of pedestrians in the opposite direction, presence of
conflict, and land use. The model predicted 71% of the cases correctly. A female pedestrian and a
pedestrian who sees another pedestrian on the opposite side of the road are twice as likely to wait
compared with their counterparts. In the case of a conflict, a pedestrian has a 5.729 odd of waiting
before crossing. Furthermore, a pedestrian at the Al Rufaa intersection had the highest likelihood of
waiting compared with other sites.

Table 6. BLR model for predicting pedestrians’ waiting behavior.

Variable Coefficient SE Significance OR 95% CI

Gender 0.689 0.176 0.000 1.992 1.412–2.810
Distraction 0.485 0.140 0.001 1.624 1.234–2.138

Crossing direction −0.775 0.122 0.000 0.461 0.363–0.585
Pedestrians in opposite direction 0.740 0.158 0.000 2.096 1.539–2.854

Conflict 1.746 0.128 0.000 5.729 4.461–7.358
Land use 0.000

Offices −1.003 0.193 0.000 0.367 0.251–0.535
Recreational −1.032 0.185 0.000 0.356 0.248–0.512

Commercial and ofiices −0.735 0.147 0.000 0.480 0.360–0.639
Constant −1.052 0.142 0.000 0.349

χ2 = 384.773, DOF = 8, Significance = 0.000; −2 Log likelihood = 1760.219, Nagelkerke R2 = 28.8%, % cases predicted
correctly = 71.0.

A Multiple Linear Regression (MLR) model was also developed to determine the waiting time
for a pedestrian. The waiting time of pedestrians did not follow a normal distribution, but a log
transformation of the waiting time did. A stepwise regression analysis was conducted, after entering all
the variables, to obtain the linear regression equation. Only the pedestrians that waited before crossing
(609 cases) were used for the analysis. The waiting time was predicted using only three variables:
number of conflicting vehicles, crossing direction, and age group. The parameter estimates are shown
in Table 7. The waiting time reduced if the pedestrian was crossing away from the intersection.
This might be due to a greater visibility of oncoming vehicles. Other variables were not statistically
significant; hence, they were excluded from the model.
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Table 7. MLR model for pedestrian’s log transformed waiting time.

Variable Coefficient Std Error t-Statistic Significance

Constant 0.891 0.063 14.037 0.000
NoConVeh 0.222 0.009 23.764 0.000

Crossing direction −0.384 0.078 −4.929 0.000
Age group 0.241 0.064 3.787 0.000

Adjusted R2 = 50.6%, F = 208.608, Significance = 0.000; Note: NoConVeh is the number of conflicting vehicles a
pedestrian face.

7. Driver Yielding Behavior Analysis

7.1. Driver Behavior with Respect to Pedestrians

7.1.1. Overview

Table 8 shows the characteristics of driver yielding behavior. The analysis indicated a problem
associated with the pedestrians’ right of way. Only 15.4% of observed right-turning vehicles (who faced
waiting pedestrians) yielded to give way. This low yielding rate at marked unsignalized crosswalks is
in accordance with many other studies in the literature. For instance, in China, yielding rates between
3.5% and 8.6% were reported [22] and in France, it was found that 50.1% of observed drivers did
not stop for pedestrians at marked unsignalized crosswalks [24]. These low drivers’ yielding rates
highlight the importance of developing innovative countermeasures to improve pedestrian safety
at marked crosswalks. This also supports the need for studying pedestrians’ behavior in order to
assess safety.

Table 8. Characteristics of driver yielding behavior.

Characteristic Classification Frequency Proportion (%)

Driver yielding behavior
with respect to

pedestrians

Yes 197 12.6
No 776 47.5

NA * 647 39.9

Driver yielding behavior
based on vehicle type

Sedan 116 (1056) 10.98
SUV 52 (509) 10.21

Bus/Truck 11 (212) 5.18
Pickup vehicle 12 (156) 7.69

Van/Taxi 5 (182) 5.44
Motorcycle 1 (10) 10

* NA if a pedestrian did not face any vehicles while crossing or he crosses through the queued traffic.

7.1.2. Statistical Analysis

The yielding behavior of drivers was assessed with respect to various subgroups of pedestrians.
The yielding rate was related to land use (χ2 = 39.318, p = 0.001, φ = 0.201). The drivers showed
the highest yielding rate at the Al Rufaa intersection (28.4%) and the lowest yielding rate (5.1%) at
the Al Meena intersection. This may be because the former intersection is used more by pedestrians,
hence, drivers expect pedestrians while passing this site, while for the later intersection the opposite is
true. The drivers’ yielding behavior was also related to the pedestrians’ gender (χ2 = 4.397, p = 0.036,
φ = −0.070) with a higher yielding rate for female pedestrians compared with male pedestrians; similar
findings were reported by Guéguen et al. [24]. There was no significant relationship between the
yielding behavior of drivers and pedestrians’ age, distraction, crossing in a group or alone, mobile
phone use, crossing direction, carrying baggage, dressing style, and crossing location. It should be
noted that because of the lack of sample size, age group of elderly and children were excluded from
the analysis. Most of the vehicles (around 85%) did not yield to pedestrians, some drivers reduced
their speed, and some stopped completely to allow pedestrians to cross.
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7.2. Driver Behavior Based on Vehicle Type

The proportion of vehicles displaying yielding behavior to pedestrians, those who faced
pedestrians, is indicated in Table 8 based on vehicle type. The driver behavior with respect to
type of vehicle driven shows whether the yielding behavior is related to the type of vehicle driven,
which indicates the income class of the drivers. It was argued that people driving luxury cars are
more likely to ignore the pedestrians and the law. This phenomenon is called power paradox [30].
If power paradox exists, lesser proportion of drivers of luxury cars yield to pedestrians compared to
drivers of normal cars. Here, the proportion of vehicles yielding to pedestrians were same for Sedan
and Sports Utility Vehicles (SUVs). This shows that the power paradox does not exist in the State
of Qatar and there are some other factors governing yielding behavior of drivers, which need to be
investigated in future. Further, the professional drivers, including taxis, buses, and pickup vehicles,
yielded lesser compared to those who were driving personal vehicles. This indicates the need to
emphasize pedestrian yielding while driver training programs for professional drivers.

8. Discussion of Results

The results indicated that female pedestrians, distracted pedestrians, and pedestrians crossing
in groups undertake safer crossings, by showing a greater tendency to wait before crossing, longer
waiting times, and larger accepted gaps, compared to their counterparts. In a previous study, female
pedestrians were observed exhibiting a safer behavior by Holland and Hill [31]. On the contrary,
distractions showed adverse effects on pedestrian safety in a previous study [26]. Carrying a bag
affected the size of accepted gaps positively and pedestrians crossing speed negatively. The dressing
style of pedestrians affected their waiting time and crossing speed as expected but dressing style did
not affect the gap acceptance phenomenon. The analysis of pedestrians’ mobile phone use showed that
although the pedestrians using mobile phones have a higher tendency for waiting, they choose smaller
gaps, making their crossings less safe. These findings are similar to the results obtained at marked
crosswalks at unsignalized intersections [32]. However, it should be noted that this research observed
a lower proportion of mobile phone use than previous studies [14,28]. It would be expected that lower
levels of mobile phone use should have a positive impact on road safety.

The crossing location affected pedestrians’ waiting behavior, showing a greater tendency for
waiting for pedestrians crossing at the crosswalk. However, the driver yielding behavior did not
show any significant differences based on the pedestrians’ crossing location. Pedestrians crossing at
crosswalks were more careful when making a crossing decision. In previous studies, the drivers showed
a greater tendency of yielding to pedestrians at permissible crossings compared with jaywalkers [33].
The pedestrians’ crossing direction was seen as an important parameter determining their crossing
behavior and safety. This is due to the difference in visibility of oncoming traffic for pedestrians as well
as drivers, with pedestrians crossing away from an intersection having greater visibility. This greater
visibility has led to shorter waiting times, smaller accepted gaps, and higher walking speeds. There was
no difference in yielding behavior of drivers of normal cars and luxury cars indicating no clear power
paradox existed; however, the drivers of commercial vehicles yielded lesser compared to other drivers.

9. Conclusions

The results of this study indicated that pedestrians’ waiting time, crossing speed, and gap
acceptance at marked crosswalks on channelized right-turn lanes are related to pedestrian attributes
as well as crossing characteristics. This makes crossing behavior a complex phenomenon.
Among pedestrian attributes, gender had the most significant effect on crossing behavior. Gender was
followed by distractions, crossing in a group or alone, and dressing style. It should be noted that the
category of distracted pedestrians does not include those using a mobile phone but includes those with
other distractions such as talking, eating and drinking, and grooming. Further, different sites in areas
with different land uses showed significant differences in pedestrian and driver behavior. Presence of
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conflicting vehicles and land use was most significant in determining the pedestrians’ waiting behavior
which can result in safe crossings.

The drivers’ yielding behavior was only related to pedestrian’s gender and adjacent land use.
Various strategies need to be identified through future research and employed to encourage drivers to
yield more frequently, at all places, and specifically to male pedestrians. Previous research has indicated
that advanced yield markings assist drivers scanning for pedestrians and reduce the conflicts between
vehicles and pedestrians at marked crosswalks [23,34,35]. Other studies have found that pedestrians’
gestures, smiles, stares, as well as improved infrastructure near pedestrian crossings, do improve
driver yielding rates [22,24,36–38]. A recent study showed that the drivers yielding rates improved
when pedestrians crossed with flags in hand at marked midblock crosswalks [39]. The drivers of
commercial vehicles showed lesser tendency of yielding to pedestrians, this should be addressed while
driver training. A study with the aim of determining effective strategies to improve driver-yielding
behavior in the State of Qatar is proposed as a part of future research. The findings from this research
will be useful for planners when designing crosswalks at new intersections and during simulation
of pedestrian and driver behavior at marked crosswalks on channelized right-turn lanes, since this
problem has not been studied in sufficient detail previously. The results will be directly applicable to
the Arabian Gulf countries as they exhibit similar conditions to the State of Qatar. The main limitation
of this study is that the pedestrians’ characteristics were determined based on judgement and the
specific purpose of the trip was not known. Further, the characteristics such as gender and age groups
of the drivers were not determined which can affect the yielding behavior. These limitations can serve
as topics for further research.
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Appendix B. Results of Statistical Analysis

Table A1. Waiting behavior analysis.

Category χ2 p Phi Comment

Gender 14.801 0.000 −0.096 Female pedestrians waited longer than male pedestrians

Distraction 11.144 0.001 0.083 Distracted pedestrians waited longer compared to non-distracted
pedestrians

Group 7.173 0.007 0.067 Pedestrians crossing in groups waited longer compared to pedestrians
crossing alone

Crossing direction 15.276 0.000 −0.097 Pedestrians crossing away from an intersection waited longer compared to
pedestrians crossing at an intersection

Age group 0.242 0.886 –

Traffic 212.137 0.000 0.362 Pedestrians facing traffic waited longer compared to pedestrians crossing
without traffic or queued traffic

Bag 0.299 0.584 –

Mobile_waiting 4.111 0.043 0.05 Pedestrians using mobile phones waited longer compared to pedestrians
crossing without mobile phones

Site variation 90.395 0.000 0.236 Pedestrians at the Al Rufaa intersection waited more and those at the
Lekhwair intersection waited less compared to other sites.

Dressing style 8.299 0.040 0.072 Pedestrians with casual clothes waited longer compared to pedestrians
with other dressing styles

Crossing location 10.893 0.004 0.082 Pedestrians crossing at a crosswalk waited longer compared to pedestrians
crossing near or away from a crosswalk
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Table A2. Waiting time analysis.

Category Z p Comment

Gender −2.798 0.005 Female pedestrians waited 69.2% longer than male pedestrians.

Crossing direction −3.288 0.001 Pedestrians crossing toward the intersection waited 43.8% longer
than pedestrians crossing away from the intersection.

Distraction −2.8 0.000 Distracted pedestrians waited 81.7% longer than non-distracted
pedestrians.

Group −2.283 0.022 Pedestrians crossing in groups waited 30.5% longer than
pedestrians crossing alone.

Mobile_waiting −0.805 0.421 –
Bag −1.215 0.224 –

Crossing location 2.093 0.351 –

Age group 20.746 0.000 Children and older pedestrians waited longer than middle-aged
pedestrians.

Dressing style 11.234 0.011 Pedestrians wearing formal and worker clothes waited for less
time than pedestrians dressed casually and traditionally.

Site variation 8.603 0.035 Pedestrians waited the longest at the Al Meena intersection and
the shortest at the Lekhwair intersection.

Table A3. Crossing speed analysis.

Category Z p Comment

Gender −6.906 0.000 Male pedestrians walked 13.45% faster than female pedestrians.

Age group 27.922 0.000 Older pedestrians were the slowest and young pedestrians the fastest.

Crossing direction −3.457 0.001 Pedestrians walked 3.42% faster when crossing away from an intersection.

Distraction −7.854 0.000 Non-distracted pedestrians walked 12.64% faster than distracted pedestrians.

Group −7.483 0.000 Pedestrians crossing alone walked 10.71% faster than pedestrians crossing
in groups.

Mobile_crossing −1.019 0.308 –

Bag −3.188 0.001 Pedestrians crossing without bags walked 5.23% faster than pedestrians
with bags.

Crossing location 4.98 0.083 –

Crossing path 33.572 0.000 Pedestrians crossing using oblique paths were faster than other pedestrians.

Wait −1.602 0.109 –

Conflict −2.255 0.024 Pedestrians crossing with conflict walked 2.57% faster than pedestrians
crossing without conflict.

Dressing style 13.281 0.004 Pedestrians wearing worker clothes were the fastest and pedestrians dressed
traditionally were the slowest.

Site variation 160.576 0.000 Pedestrians crossed at highest speeds at the Al Rufaa intersection.
Pedestrians at the City center site had the lowest crossing speeds.
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Table A4. Accepted gaps analysis.

Category Z p Comment

Gender −4.58 0.000 Females accepted 23.4% larger gaps than males.

Age group 14.845 0.002 Children required the largest gaps in traffic. Middle-aged and
young pedestrians accepted the same average gaps.

Crossing direction −3.938 0.000 Pedestrians crossing towards the intersection accepted 15.3%
larger gaps than pedestrians crossing away from the intersection.

Distraction −3.247 0.001 Distracted pedestrians accepted 33.9% larger gaps than
non-distracted pedestrians.

Group −4.496 0.000 Pedestrians crossing in groups accepted 19.8% larger gaps than
pedestrians crossing alone.

Mobile_waiting −2.269 0.023 Pedestrians without a mobile phone accepted 28.8% larger gaps
than pedestrians crossing with a mobile phone.

Bag −2.747 0.006 Pedestrians with bags accepted 18.5% larger gaps than
pedestrians without bags.

Crossing location 0.144 0.931 –

Wait −2.842 0.004 Pedestrians who did not wait accepted 9.15% larger gaps
compared with pedestrians who waited before crossing.

Dressing style 1.448 0.694 –

Site variation 174.468 0.000 The Al Meena site had the largest accepted gaps and the Al Rufaa
intersection had the smallest accepted gaps.

Table A5. Yielding behavior analysis.

Category χ2 p Phi Comment

Gender 4.397 0.036 −0.067 Drivers yielded more to female pedestrians than male pedestrians
Distraction 0.333 0.564 – –

Group 3.021 0.082 – –
Crossing direction 1.267 0.26 – –

Age group 3.76 0.052 – –
Bag 3.267 0.071 – –

Mobile_waiting 0.158 0.691 – –

Site variation 39.318 0.000 0.201 Drivers at the Al Rufaa intersection yielded the most and drivers at the
Al Meena intersections yielded the least compared with other sites

Dressing style 2.989 0.393 – –
Crossing location 1.845 0.397 – –

Appendix C. Details of Distributions

An evaluation version of EasyFit 5.6 was used to find out the distribution.
The Kolmogorov–Smirnov (K–S) test was used to assess the distribution fit.

Waiting time

For waiting time, the Pearson 6 distribution with test statistic of 0.02621 and significance of 0.7865,
were determined. The parameters of the distribution were α1 = 1.285, α2 = 2.0271, and β = 8.6461.
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Accepted gap

For accepted gap, the Dagum distribution (statistic = 0.02329, p = 0.70668) with distribution
parameters k = 7.4199, α = 1.8244, and β = 2.752 was determined.
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