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In urban streets, pedestrians compete with vehicles for right-of-way. In some situations,
it may be very challenging for pedestrians to deal with complex, sometimes hostile,
traffic conflicts, especially in urban areas. This paper provides an exploratory analysis of
pedestrian behavior on four types of mid-blocks crossing facilities in the city of Fortaleza,
Brazil. The analysis was based on descriptive statistics and logistic regression models of
variables related to signal control, facilities, and pedestrian characteristics and behavior.
The models considered the following binary variables: (i) crossing vs. no crossing during
pedestrian red phase; (i) driver yielded vs. did not yield while pedestrian crossing;
(i) normal vs. aggressive/risked pedestrian behavior while crossing. A total of 2,400
crossings were considered in this study. The results show that, in general, the increase
of traffic demand was related to easier crossings. Moreover, the presence of raised
crosswalks increased in about 20 times the chances of a driver yielding to pedestrians
in comparison to the marked-only crosswalk. In addition, the presence of mechanisms
that facilitate pedestrian crossings such as raised crosswalks or traffic signals reduced
the number of aggressive/risked crossings considerably.

Keywords: pedestrian crossing, pedestrian facilities, pedestrian behavior, mid-block crosswalks, logistic
regression models

INTRODUCTION

Urban road infrastructure planners have traditionally maximized mobility and economic efficiency
at the expense of safety, particularly for non-motorized road users. As motorization increases
worldwide, walking has become more dangerous in many countries. Pedestrians accounts for 23%
of all road traffic deaths, most of them in developing countries (World Health Organization, 2018).
In many countries, mixed traffic makes pedestrians share the road with motor vehicles, forcing
them to negotiate dangerous situations in fast-moving traffic. According to Elvik et al. (2009),
~70% of the pedestrian crashes happen during crossing. Therefore, a key strategy for achieving
a safe traffic system for pedestrians is to minimize the pedestrian-vehicle conflicts.

Crosswalks are the most essential and frequently used pedestrian facility to reduce the number
of pedestrian-vehicles conflicts and therefore help reducing possible pedestrian fatalities in urban
areas. There are different types of crosswalks that influence the pedestrian crossing process, which
depend also on the available vehicle headways and on the pedestrian and driver behavior (Kadali
and Vedagiri, 2016).
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The literature shows that pedestrian crossing behavior is
affected by demographic factors (e.g., age, gender), traffic
characteristics (e.g., speed and flow), road environment (e.g.,
crossing walking distance, presence of traffic/pedestrian control
devices and signals, road functional classification, vehicle
volumes, weather, presence of crossing facilities), and subjective
factors (e.g., perceptions and attitudes) (Bennett et al., 2002;
Holland and Hill, 2007; Yannis et al., 2007; Harvad and Willis,
2012).

Econometric models, including discrete choice approaches
founded on random utility theory, have been used to describe
pedestrian behavior in urban streets (Cantillo et al., 2015). Earlier
studies have proposed hierarchical logit models and multiple
linear regressions to model pedestrian crossing behavior along
an urban trip. A set of geometric and traffic characteristics as
explanatory variables, such as walking and crossing distances,
traffic volume, and the presence of crossing control devices have
been used (Yannis et al., 2007; Zhou and Horrey, 2010). Li et al.
(2013) pointed out that almost all pedestrians would speed up
crossing the road at a crosswalk and adjust walking speed based
on traffic gap.

The road infrastructure (i.e., number and width of lanes,
the presence of pedestrian signals, marked areas, overpass, and
medians) and trip purpose are two important factors affecting
pedestrian crossing behavior (de Lavalette et al., 2009). Other
factors are the traffic heterogeneity and signal programming, in
the case of signalized intersections (Das et al., 2005).

Some studies suggest that pedestrian crossing behavior can
vary according to age, gender, and whether the person is a
driver (Cantillo et al., 2015). Usually, unobservable factors such
as individual perceptions and attitudes are not considered in
pedestrians crossing studies. Even though discrete choice models
present good results, some of their assumptions are quite strong
(Ortuzar and Willumsen, 2011). The inclusion of intangibles
elements associated with pedestrians’ perceptions and attitudes,
expressed through latent variables, in discrete choice models
could help to better understand how individuals behave. The
main objective of this paper is to perform an analysis based
on logistic regression models to analyze the pedestrian crossing
behavior on four types of mid-block crossing facilities in the city
of Fortaleza—Brazil.

METHODS

This section is divided in two parts to explain the data collection
and analysis, respectively.

Data Collection
This study considered four pedestrian crossing types: (1)
marked-only, (2) raised, (3) signalized, and (4) signalized
with enforcement camera. The sites were selected considering
the metropolitan area of Fortaleza City, Brazil (2.5 million
inhabitants) from a list of sites based on the safety of the
observers, type of control, traffic calming device, enforcement,
and spatial coverage in the city.

After the evaluation of the potential sites, the selected
locations are shown in Table1 and Figure 1. These sites are

widely spread over the city of Fortaleza and traffic demand varies
among the sites. It is important to note that this variability
may mediate the results by representing different pedestrian
and driver behaviors linked to a given site beyond the type
of crosswalk. Considering the volume-capacity indicator as an
explanatory variable was an approach to control for vehicular
demands along the sites.

The data collection was conducted through direct field
observations from June 12 to June 19, 2017. Each site was
surveyed for 3 days (2 weekdays and 1 weekend day), from
7:30a.m. to 12:30 p.m. and from 1:30 p.m. to 6:00 p.m. The
observations were conducted by two observers: one observed
the interaction between pedestrians and drivers and the other
recorded the observations. In the beginning and in the end of
each shift, the traffic volume was counted for a 15-min period to
assess the vehicle demand level.

Each observation refers to the first pedestrian that arrived
at the crosswalk, regardless if he/she will be joined by
other pedestrians. For each observed crossing, the signal
phase (if existed) was recorded. The characteristics of the
pedestrian (sex and approximate age) and its behavior
during the crossing (speed: walk/run; distraction: none/cell
phone/headset/talking/other; and group size: alone/2 or more)
were also recorded. The crossing behavior was classified into the
following types:

1. Did not occur;

2. Normal crossing (when there is no conflict between pedestrian
and vehicles);

3. Aggressive crossing (when the pedestrian behavior forces the
vehicle to stop);

4. Risked crossing (when there is a conflict between the
pedestrian the vehicle so that the vehicle needs to reduce its
speed and/or the pedestrian needs to run).

The survey for sites 1 and 2 focused on the interaction between
pedestrians and drivers during crossing. From the moment the
pedestrian reached the crosswalk edge, the number of vehicles (by
type: motorcycle, car/SUV, bus/minibus, and truck) that did not
yield to him/her was observed. In cases that a driver yielded to
the pedestrian, the vehicle type was noted.

The survey for sites 3 and 4 focused on the behavior of drivers
and pedestrians during each signal phase, so the influence of
signal phase on the crossing could be evaluated. During the
pedestrian green, the number of vehicles that did not yield to
pedestrians was recorded. During the pedestrian red, only the
type of vehicle that stopped for the pedestrian (if any) was noted.

Data Analysis

The data analysis is divided into two sections: (i) descriptive
statistics and (ii) exploratory analysis. In the first section the
data are represented in tables, so a general overview of the
evaluated variables could be performed in the presented types
of crosswalks. In the exploratory analysis, logistic regression
models (LRM) were developed to explain the following binary
response variables: (i) crossing vs. no crossing while pedestrian
red phase in sites 3 and 4; (ii) driver yielded vs. did not yield
while pedestrian crossing in sites 1 and 2; (iii) normal vs.
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TABLE 1 | Selected sites—traffic volume and number of observations.

Crosswalk type Site address

Total traffic flow on all approaches (veh/h)

#0Observations

Weekdays Weekend #Crossings #Phases
1 Av. Francisco Sa, 6426 1,116 904 681 -
2 Rua Barao de Aracati, 922 276 20 558 -
3 Av. 13 de Maio, 2036 3,312 2,604 803 824
4 Av. Frei Cirilo, 4314 1,284 916 358 402

25 0 25 5 km
I —

FIGURE 1 | Geographical location of the selected observational sites.

LEGEND
SITES
@ 1. Mid-block marked

4 2. Mid-block raised

< 3. Mid-block signalized

@ 4.Mid-block signalized + camera

aggressive/risked pedestrian behavior while crossing in sites 1
and 2 and sites 3 and 4 during pedestrian red.

The type of crosswalk and the pedestrian/crossings
characteristics were used as explanatory variables. A stepwise
technique was employed to obtain the most significant
factors (p < 0.05). Some statistics were implemented
to interpret the results: (i) pseudo-R* based on the
McFadden’s R* (ii) Hosmer-Lemeshow test was used as
the goodness-of-fit test, in which the predicted probabilities
are divided into groups (commonly 10) and compared
with the observed values applying the Pearson chi-square
test; and (iii) odds ratio (OR) to estimate the influence of
a variable in the response outcome value compared to a
reference value.

Since the pedestrian crossing behavior may be influenced
by vehicle demand and available gaps, it was decided to
include the volume to capacity ratio (v/c) for each data
interval. The vehicle capacity of each location was estimated by
using VISSIM, one of the most widely used traffic simulation
software packages. Some features that might impact the road
capacity were inserted: number of lanes, signals cycle length and
coordination, nearby bus stops, unsignalized intersections, and

desired speed. The driver behavior parameters were kept at their
default values.

RESULTS

This section is divided into two parts. The first part presents a
descriptive analysis of the data. The second part brings the results
for the LRM.

Descriptive Statistics

Table 2 presents the descriptive statistics of the collected
variables. The weather was recorded as light rain only in one
of the survey shifts, so the influence of this variable cannot
be measured.

In site 3, the percentage of teenagers was considerably higher
than in the other crosswalks, as this crossing is located near an
Educational Center, thus the incidence of running or distraction
may be affected, if younger pedestrians are more likely to
exhibit these types of behavior. Table2 also shows that v/c
varies considerably among the sites, and since the behavior of
pedestrians might be influenced by this variable, it was decided
to account for it by including it as an explanatory variable.
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TABLE 2 | Collected variables —descriptive statistics.

TABLE 3 | Logistic regression models results.

Variable Site
1 2 3 4

Weather

1: Dry/no rain 92%  100%  100%  100%

2: Light rain/drizzle 8% 0% 0% 0%
Signal phase for Ped when He/She arrived

1: Red for Pedestrian - - 80% 44%

2: Green for Pedestrian - - 20% 56%
Crossed in

1: Unmarked area 58% 50% 4% 14%

2: Marked area 42% 50% 96% 86%
Pedestrian sex

1: Male 42% 56% 54% 44%

0: Female 58% 44% 46% 56%
Approximate pedestrian age range

1: Child 1% 0% 0% 3%

2: Teenager 10% 1% 36% 7%

3: Adult 7% 76% 55% 73%

4: Elderly 12% 23% 9% 17%
Number of people crossing

1: Alone 67% 83% 47% 62%

2:2 or more 33% 17% 53% 38%
Estimated crossing speed

1: Walk 74% 98% 88% 92%

2: Run 26% 2% 12% 8%
Crossing distractions

0: No 91% 93% 87% 96%

1: Cell phone 1% 3% 1% 1%

2: Headset 0% 0% 2% 0%

3: Talking 4% 4% 10% 3%

4: Other 4% 0% 0% 0%
Type of crossing

0: Did not occur 2% 0% 3% 11%

1: Normal 52% 92% 74% 82%

2: Aggressive 8% 1% 15% 0%

3: Risked 38% 6% 8% 7%
V/C

Minimum 35% 35% 51% 11%

25° percentile 43% 37% 81% 20%

Median 47% 38% 53% 32%

75° percentile 50% 47% 90% 34%

Maximum 61% 51% 100% 45%
Exploratory Analysis

In this section the results for the three LRM are presented. For
models 1 and 3, which evaluate the pedestrian behavior, each
observation relates to a pedestrian. For model 2, which focus on
driver behavior, each observation consists of a driver yielding
decision. Table 3 presents the statistically significant variables
and the results for each LRM developed.

The model assumption of little multicollinearity was verified.
The variance inflation factor (VIF) was lower than 1.5 for all
variables in all models. Regarding the Hosmer-Lemeshow test,

Model Variable Variable Odds ratio
category
1) Signalized mid-block: crossing V/C 0-33% Ref
occurrer]ce during red phase for 34-66% 1.45
pedestrian
o o
0: Did not happen 67-100% 17.75
1: Happened Age Adult Ref
N =838 Child 0.06*
McFadden R* 0.21
Hosmer-Lemeshow (p-value): 0.99 Teenager 0.59
Elderly 0.78
Crossing Unmarked Ref
area area
Marked area 0.14**
2) Unsignalized mid-block: driver V/C 30-40% Ref
yielding to pedestrian 41-50% 0.93
0: Did not yield 0 .
1: Yielded 51-62% 213
N = 3,304 Group Alone Ref
McFadden R: 0.29 More than 1 1.92%
Hosmer-Lemeshow (p-value): 0.63
Crosswalk  Marked-only ref
type Raised 20.76*
Crossing Unmarked Ref
area area
Marked area 7.15™
Vehicle Car Ref
type Motorcycle 0.63*
Bus 1.74
Truck 2.09"
3) All sites: type of crossing during Crosswalk  Marked-only ref
red phase for pedestrian type Raised 0.09**
0: normal crossing S . "
1: aggressive/risked crossing ignalized 054
N = 2,001 Sex Female ref
McFadden R* 0.12 Male 1.37%*
Hosmer-Lemeshow (p-value): 0.14 )
Crossing Unmarked Ref
area area
Marked area 0.58**

Significance level: (*) < 0.05; (**) < 0.01.

there is no evidence of poor fit in any of the models (p > 0.05 for
all of the models).

The OR should be interpreted based on the comparison with
the reference value. In model 1, for instance, the OR of 17.75 for
the third category of v/c indicated that—holding other variables
constant—the odds that Y = 1 (meaning crossing happened) is
on average 17.75 times higher when the v/c is between 67 and
100% than when v/c is around 0-33%.

DISCUSSION

Model 1 evaluates the crossing occurrence during red phase for
pedestrian in the signalized sites. The presence of the camera
enforcement in site 4 was not a significant variable. Regarding
the v/c, it can be noticed that during conditions with increased
vehicular demand crossings were more likely to happen (OR
= 17.75). This finding might be associated with the saturated
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traffic flow conditions specially where the signalized crossing
is relatively close to other signalized intersections. In such
conditions, vehicles may be subjected to frequent stops, allowing
pedestrians to cross easier during the pedestrian red to save time
and for convenience, according to pedestrian perception (Ren
et al., 2011). Concerning the pedestrian age, the results from
Model 1 show that children were more inclined to wait for the
green for pedestrian than the other age categories (OR = 0.06).
In respect to the crossing area, the pedestrians that attempted to
perform the crossing in the marked area were also more likely
to wait for the green for pedestrian that those who crossed in
the unmarked area (OR = 0.14). This is probably related to the
occurrence of large gaps in the traffic flow that motivates the
pedestrian to cross before he/she reaches the crosswalk, without
the need of the signal control to stop the vehicles.

Model 2 assesses the driver yielding to pedestrians in sites
1 and 2 based on characteristics of the pedestrians, the vehicle
type and the crosswalk facility. Surprisingly, drivers tended to
yield more for pedestrians when the v/c was higher (OR = 2.13).
One may expect that in situations that there are fewer vehicles,
drivers are more confident to yield to pedestrians, mainly because
it would be less likely the occurrence of read-end crashes. One
hypothesis for that result, however, is that in conditions with
more traffic, the vehicular speed is usually lower, therefore drivers
may be inclined to respect more the pedestrians. Referring to
pedestrian group size, drivers tended to yield more when there
were more than one person aiming to cross (OR = 1.92). This
finding was also seen in Dommes et al. (2015).

With regards to the crossing facility, the presence of the raised
crosswalk increased significantly the rate of driver yielding (OR
= 20.76). This result is consistent with the work of Huang and
Cynecki (2001), who observed an increase of ~50% in the rate
of yielding with the installation of both raised crosswalk and
overhead flasher. This may be explained by fact that drivers
must reduce the speed to pass through the raised facility and
that the traffic environment around local 2 is quieter than
in local 1.

Regarding the crossing area, the results demonstrate that
drivers were more inclined to yield to pedestrians that were at
the marked area than to ones that were at the unmarked area
(OR = 7.15). Lastly, as for the vehicle type, motorcycles yielded
less to pedestrians than cars did (OR = 0.63). This was somehow
expected, since in the city of Fortaleza the motorcyclists usually
drive more aggressively and faster than the other types of drivers
do (Torres et al., 2018).

Model 3 evaluates the type of crossing (normal or
aggressive/risked) around all locations. As the presence of
camera enforcement was not significant for the model, sites 3
and 4 were grouped into one category: signalized sites. The v/c
was not statistically significant. Concerning the crosswalk type,
the raised site presented the fewest level of aggressive/risked
crossing (OR = 0.09), followed by the signalized sites, which
were safer than the marked-only site (OR = 0.54). Relative
to pedestrian gender, it can be noted that males tended to
perform more aggressive/risked crossings than females did
(OR = 1.37). Finally, the crossings performed in the marked
area were less risky than the ones in the unmarked area (OR
= 0.58). This finding was also seen in Rosenbloom (2009)

and Zhuang and Wu (2011), but it is not consolidated in the
literature (Ren et al., 2011).

CONCLUSION

This research evaluated the behavior of pedestrians when
crossing four types of mid-block crosswalks in the city of
Fortaleza-Brazil. Exploratory analyses were done by logistic
regression models. The types of control (with or without camera
enforcement), facilities (marked-only, raised or signalized),
pedestrian age, gender and its behavior while crossing (speed,
distraction, run/walk, and group size) and driver yielding to
pedestrians were evaluated. The analyses focused on three
aspects: (i) crossing vs. no crossing while pedestrian red phase in
sites 3 and 4; (ii) driver yielded vs. did not yield while pedestrian
crossing in sites 1 and 2; (iii) normal vs. aggressive/risked
pedestrian behavior while crossing in sites 1 and 2, and sites 3
and 4 during pedestrian red.

In general, it was concluded that crossings during the
pedestrian red phase in the signalized sites tended to happen
more when the traffic demand high. Also, drivers yielded more
to pedestrians in the unsignalized sites in medium to high
traffic flow demand. Still regarding the driver yielding, it could
be noted that the presence of the raised facility increased in
about 20 times the number of drivers that yielded to pedestrians
in comparison to the marked-only crosswalk. In relation to
aggressive/risked crossings, it was shown that the existence
of mechanisms that help pedestrian crossing, such as raised
crosswalk or traffic signals, reduced considerably those types of
undesirable crossings.

As limitations of the study, it is important to note that
although the v/c was controlled, there may be differences in
traffic volumes, as well as in demographic and socioeconomic
characteristics surrounding the sites that may affect the results
and create a confounding effect when comparing different types
of crosswalks. In order to improve the comparison among sites,
more observations and analyses controlling for these variables
should be conducted. Finally, it is important to highlight that this
study was conducted in only one city, so the results may not be
generalized for other places.
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