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Abstract

Pedestrian behaviour plays an important role in analyzing the operations
of unsignalized intersections and isolated crossings, because a pedestrian
creates a complex of interactions with vehicles at such locations. A crossing
manoeuvre involves the pedestrian making a decision to accept a particular
gap in the traffic flow. The “yes/no” nature of the decision gives gap
acceptance a unique set of conditions that can be used in the analysis. The
aim of this paper is to investigate pedestrians’ traffic gap acceptance for
street crossing in urban areas. The paper presents the most important studies
that have been done in this area. Beside the basic concepts and methods of
determining parameters such as accepted and the critical gaps, the paper
shows the influence of certain factors on the length of the pedestrian delay,
such as: pedestrians waiting time, the presence of illegally parked vehicles,
built environment, the vehicles’ characteristics (speed, size), pedestrians’
characteristics (gender, age), etc.

Keywords-Pedestrian behaviour; unsignalized crossing; accepted gap;
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INTRODUCTION
A pedestrian road crossing depends on a lot of factors which influence
their decision and the way of road crossing (age and gender of pedestrians,
drivers’ behaviour, vehicles characteristics, road geometry, built street
surroundings, etc.). Data base on factors which influence pedestrians’
behaviour are formed on the basis of traffic video recordings, and often the
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experiments in controlled laboratory conditions are used. A special attention
is directed to the span between the approaching vehicle and the pedestrian. A
pedestrian road crossing includes his decision whether to accept the certain
gap between the approaching vehicles in the traffic flow. For each gap
between the approaching vehicle, the pedestrian has to make a decision
‘yes,or ‘no’, that is, whether the offered gap is to be accepted or refused.
This decision gives the pedestrain’s accepted gapsa unique setoff conditions
which can be used in statistical analysis and the analysis of pedestrian
behaviour. The factors from the formed data bases represent the dependent
or independent variables which are, by means of statistical tools, used for the
evaluation of influences on pedestrian’s decision. In such way, certain
models are modelled, and they are used for evaluating the probability of the
accepted crossing gap. A logistic (logit) curve is most often used for the
evaluation of accepted and refused gaps and it actually represents the
probability of accepting gaps of certain lengths.

BASIC CONCEPTS OF PEDESTRIAN GAPS

A thorough review of pedestrian gap acceptance requires a familiarity
with the various kinds of gaps that are encountered. There are gaps defined
by the characteristics of the site (referred to as adequate gaps and critical
gaps) and gaps dependent on the conditions present at the time a pedestrian
attempts to cross (referred to as available, accepted, and rejected gaps) [1].
The available gap is the gap present for a pedestrian. If the pedestrian
accepts the available gap (i.e., crosses the street within that gap), then it is an
accepted gap; otherwise, it is a rejected gap. The adequate gap for a site is
determined by dividing the crossing distance by the walking speed and
adding an appropriate start-up time. However, while an approximate walking
speed is used for such a calculation, the actual walking speed for each
pedestrian will vary, largely depending on age and physical ability, along
with the conditions present at the site.

The Highway Capacity Manual (HCM) defines the critical gap as “the
time in seconds below which a pedestrian will not attempt to begin crossing
the street. If the available gap is greater than the critical gap, it is assumed
that the pedestrian will cross, but if the available gap is less than the critical
gap, it is assumed that the pedestrian will not cross” [2]. The term “adequate
gap” used in some studies is the same as the critical gap in the HCM.

There are several methods for determining the pedestrian accepted gaps.
According to Yannis, accepted gaps are based on two time points: At the
first point, the pedestrian is just ready to set foot on the street. In the second
point, the head of the vehicle has just passed through the vertical virtual line
indicating the pedestrian’s crossing path. Therefore, the traffic gap accepted
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was calculated as the difference in seconds between the two time points [3].
In a study conducted in the U.S. for gap acceptance analysis, the time each
pedestrian arrived at the crossing and the time each vehicle entered the
crossing were recorded. For vehicles that entered the crossing, their travel
lane and stopping behaviour were recorded. The length of each gap was then
calculated from the differences between the arrival times of two consecutive
vehicles [1].

Using the data base of the accepted gaps for each location, the interval
length and the pedestrian’s attempt to cross the road are analysed. These
analyses resulted in the graphs showing cumulative distribution of the
accepted pedestrian gaps for road crossing. Figure 1 is the example of such a
graph.
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Fig.1. An example of cumulative distribution of accepted pedestrian gaps [1]

Values of the 85% of the accepted gaps in analyses are compared to
critical pedestrian gap calculated for the certain speed in order to determine
unsafe road crossings. Critical gap determination for road crossing which
demands the speed value of pedestrian moving implies a strong connection
between the speed of moving and the accepted gap. The value which has
been chosen as average speed for a certain location determines the length of
the critical gap.

LITERATURE REVIEW
Observing individual pedestrians’ characteristics, such as the gender, it
has been proved in research studies that women have higher values of time
loss in relation to men, that is, they wait longer for the appropriate crossing
interval [4,5]. In accordance with this, the research studies have shown that
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women spend 27% of time longer waiting at the pedestrian crossing [6],
while the crossing speed is higher with men in relation to women [7,8].The
waiting time of pedestrians for road crossing, as one of the parameters which
appears in research studies, shows that with the increase of waiting time
pedestrians become more impatient and accept shorter crossing gaps[9]. The
same authors have concluded that the probability of accepting shorter time
interval rises with the increase of the missed opportunities for road crossing.

The ability of different pedestrian groups to choose appropriate gaps
depends on their ability to estimate the speed of the approaching vehicle and
the time necessary for road crossing at the pedestrian crossing. This ability
mostly depends on age and physical characteristics of pedestrians.

The experiment where the system of virtual reality was applied for
simulation of the real traffic, implies that children aged 5-14 are those who
perform most of the unsafe crossings, in relation to the older groups of the
survey participants (older than 19) [10]. Also, the decision about road
crossing is more often based on the distance than on the speed of the
approaching vehicle. In another study [11] the authors have concluded that
the participants mostly based their decisions on time interval (which
included distance and speed), than just on vehicles’ distance. The time for
making the decision did not significantly influence the younger population
replies. However, the older pedestrians made wrong decisions more often in
relation to the length of the certain interval, if they were made to decide
quickly. A similar research was carried out by a group of authors [12] who
divided the participants into three age groups (aged 20-30, 60-70 and 70-80).
The results showed that all age groups choose longer distances and shorter
accepted gaps for the crossing at the vehicle’s speed of 60 km/h compared to
the speed of 40 km/h. This confirms the effect of the speed of the
approaching vehicle on the accepted gaps as a risk factor which influences
the decision about pedestrians’ crossing for all age categories in the
conditions of limited time for decision making. Choosing shorter gaps for
crossing at speed increase, as well as choosing longer gaps for the older
pedestrians has been proved in articles of many authors[13].

Observing the position of vehicles and pedestrians, the analysis of the
participation of the pedestrians who accepted the gaps which lasted shorter
than 2 s showed that these short gaps we usually chosen in case when
pedestrians waited at the position which was closer to the trajectory of
vehicles moving [14]. At the pedestrian crossings with the refuge island it
was proved that pedestrians accept shorter time intervals between vehicles
for road crossing when they have previously gone across the road part to the
refuge island. Also, a part of the road from the refuge island to the opposite
curb is crossed with shorter waiting time. This behaviour while road crossing
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is interpreted as pedestrians’ adaptation to the traffic conditions and in that
way reduces the total time necessary for the crossing [5,15].

The research carried out on the territory of Asia has shown that
pedestrians who move in a group choose shorter gaps. Therefore, their
behaviour in a group is more aggressive, and the procedure of road crossing
is more risky. The authors explain this result with the fact that pedestrians
found in a group might feel safer, therefore they behave more
aggressively[16,17]. Taking into consideration the fact that in completely
different traffic conditions, regulations, habits, as well as traffic culture, the
results of the research studies carried out in Europe gave opposite results to
those performed in Asia[3].

Influence factors from the data base which can be seen as independent
variables serve for forming different mathematical models used for
estimating the probability of accepting certain crossing gap length, as well as
the probability of pedestrian road crossing as an independent event. One of
few research studies of accepted pedestrian gaps carried out in Europe was
done in Athens[3]. Based on the research results, a lognormal regression
model was formed, and the results of the statistical analysis of elasticity
showed that the distance between a vehicle and a pedestrian has the biggest
influence on the accepted pedestrian gap. The following factor which has a
big influence on the accepted gap is the presence of irregularly parked
vehicles, because their presence near pedestrians make them become more
cautious, therefore they choose longer gaps for road crossing. Also, vehicles’
size influences the choice of gaps. When a vehicle of bigger dimensions
approaches, pedestrians choose longer crossing gaps. The analysis of
sensibility made for this model shows that the probability of road crossing
decreases with the increase of pedestrian’s waiting time.

Table 1. Connection between pedestrian level of service and the probability of
accepting the interval of a certain length [18]

Leve! of Average time loss HCM 2000 risk evaluation
service per pedestrian
Small probability of accepting the
A <5s interval less than t,
B >5and<10s -
c >10and<20's Average probability of accepting the
interval smaller than t.
D >20and <30s -
E >30and<45s !3|g probability of accepting the
interval smaller than t,
= > 45 yery big probability of accepting the
interval smaller than t,
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Apart from determining the influence of many factors on the pedestrian’s
decision when crossing a road and the choice of the interval of certain
length, the aim of the analysis in this research area was firstly to determine
whether the accepted models at the observed locations were, actually, less
than the calculated critical gaps. Linking pedestrian level of service at
unsignalized crossings and the probability of accepting the gaps of a certain
length which was analysed in relation to the crossing critical gap, HCM 2000
has given recommendations shown in Table 1. Critical gap is the time in
seconds below which a pedestrian will not attempt to begin crossing the
street. For a single pedestrian, critical gap (t.) can be computed using
pedestrian speed, crosswalk length and pedestrian start-up time [18].

CONCLUSION

Much of the research was based on the examination of factors that
influence the acceptance gap of a certain length that is chosen by a
pedestrian to perform the manoeuvre of crossing the road. Pedestrian
crossing decisions (to cross the road or not) may be associated with traffic
conditions and with vehicle and pedestrian characteristics. The pedestrian
must make a decision for each gap in traffic that occurs (accepts the gap or
rejects it). This gives gap acceptance a unique set of conditions that can be
used in analysis. The evaluation of actual accepted and rejected gaps
provides the probability of accepting a gap of a certain length depending on
many factors.

Most of the above mentioned research studies were carried out in Asia
and the United States, where traffic conditions are significantly different
from the region of Southeast Europe. As a consequence, the results of these
research studies cannot be transferred and used in a national setting like the
one of the Republic of Serbia, because our road and transport network has
different characteristics and operational conditions. Therefore, it is necessary
to do local researching this area: in that way the influences and specific
qualities of the local environment and traffic flow characteristics would be
valued, which was not the case until now. That would contribute to a more
precise determination of LOS at pedestrian crossings.
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