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“OUTTA MY WAY!” INDIVIDUAL AND ENVIRONMENTAL CORRELATES
OF INTERACTIONS BETWEEN PEDESTRIANS AND VEHICLES DURING

STREET CROSSINGS

ABSTRACT

Because pedestrian crash rates remain lower than other collision types, surrogate
measures such as traffic interactions are now used in road safety research to complement
crash history. Using naturalistic data collection, we sought to assess 1) the likelihood of
occurrence of interactions between pedestrians and vehicles based on individual and
crossing characteristics; and 2) differences in interaction characteristics between children,
adult and senior pedestrians. Observations of pedestrian crossing behaviours (n=4687)
were recorded at 278 crossings. For recorded interactions (n=843), information was
collected to characterize the behaviours of involved parties. A mixed-effect logit
regression model was performed to assess the factors associated with interactions. Chi-
square tests evaluated differences between age groups and characteristics of observed
interactions. Older adults were those more likely to be involved in an interaction event.
Bicycle paths, different crossing surface material and one-way streets were significantly
associated with fewer interactions with vehicles, while parked vehicles nearby and
crossings on arterial roads were significantly associated with more interactions. Children
and the elderly (80 years of age or more) did have distinct patterns of interaction, with
more careful drivers/cyclists behaviours being observed towards children and lesser

regulation compliance towards the elderly. Given the growing emphasis and adoption of



active transportation in many cities, the number of interactions between pedestrians and
vehicles during street crossings is likely to increase. Educating drivers and pedestrians to
respect each other’s space requires an understanding of where, between whom, and under
what circumstances interactions occur. Such an approach can also help identify which
engineering and enforcement programs are needed to ensure safe pedestrian crossings
since interactions can be good markers of uncomfortable crossing situations that may

deter walking and lead to more collisions.
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crossing behaviour.



1. PEDESTRIANS CRASH RISK IN CITIES: WHAT TO MEASURE?

A growing number of North American cities have been actively promoting non-
motorized transportation and developing road infrastructure to support the use of these
travel modes. Despite this, crash statistics show that many unsafe conditions still exist for
vulnerable road users such as pedestrians, partly because modern cities were (and are
still) mostly built for cars [1-3].

On the other hand, local pedestrian crashes can be considered “rare events,” at least from
a statistical perspective [4, 5]. Pedestrian crash counts are usually lower than those of any
other type of road users at the city level, making it difficult for cities to effectively plan
and justify preventive measures at specific site. In fact, past collisions alone are
considered by many researchers to be inefficient at predicting future ones [6-8]. As a
result, surrogate measures such as traffic conflicts and interactions are increasingly used
in road safety research as complementary to crash history [9, 10] in order to have a better

portrait of the situation and plan road design accordingly.

1.1 Surrogate measures of crash risk: Traffic conflict techniques and interactions

The concept of “traffic conflict techniques” was first proposed in the 1960s as a
complementary approach to typical collision-based safety analysis. A traffic conflict was
first described as an event where “two or more road users approach each other in space
and time to such an extent that a collision is imminent if their movement remains
unchanged” [11]. This definition has been extended throughout the years to include less

critical conflicts—in other words, situations where road users adapt their behaviour ahead



of the “conflicting zone”, leaving time and space for fluid movement while both users are
on the street. Those common pedestrian-vehicle conflicts, referred to as “interactions,”
can be seen as part of the road safety continuum shown in the diamond-shaped
representation proposed by several authors (see Figure 1) [6, 7, 12]. This broader
definition of interactions, as event where both a vehicle and a pedestrians are on the
roadway at the same time and adapt their behaviour consequently to avoid a collision, is

the one used here.

While there are more published accounts of conflicts between motorists, traffic conflict
literature that focuses on pedestrians [3, 13] is less frequent. So far, there is no reason to
think that this surrogate measure of crash risk is not applicable to pedestrian/vehicle
conflicts, even if the predictability of the pedestrian behaviour is more complex than that
of motorists. However, the reflection on how suitable the usual conflict and interaction
indicators are when pedestrians are at stake still needs to be undertaken, as stated in a
recent report [14]. Moreover, even when interactions do not lead to injuries, they may be
symptomatic of environments that are not adapted to pedestrians. In this context, studying
interactions can provide insight into the initial circumstances that may lead to crashes (or
not). It is even more important to have a better understanding of interactions involving
the most vulnerable pedestrians, namely children and seniors. In a context where these
sub-populations are already targeted in active living and transportation policies and
programs [15, 16], these interactions might contribute to their risk perception while on
the street and consequently have an effect on the decisions they make to move around as

pedestrians.
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FIGURE 1: Road safety continuum for vehicle-pedestrian interactions

1.2 Objectives

This paper seeks to provide a better understanding of the individual and environmental
determinants associated with the occurrence of interactions between pedestrians and other
road users (cars and bikes, other) during pedestrian crossings at intersections. As a
secondary objective, it seeks to explore differences in interaction characteristics when
comparing observed children, adult and senior pedestrians. By providing findings related
to these objectives, we seek to strengthen the research background on pedestrian

interactions through an important observational study.

2. INDIVIDUAL AND ENVIRONMENTAL DETERMINANTS OF

PEDESTRIAN-VEHICLE COLLISIONS AND INTERACTIONS



Individual and environmental determinants of pedestrian crashes are well known and
have unfortunately changed very little in the past 25 years, especially in the Western
hemisphere [17]. Similarly, research using surrogate measures highlights the same causal
patterns in both near misses (conflicts) and crashes [10, 18, 19], at least for car-to-car
events. Since pedestrians are rarely targeted by this research, our analytical framework
below is based on both collision, conflict and interaction literature and explores
relationships to sociodemographic, behavioural and physical crossing environment

characteristics.

When evaluating associations between individual characteristics and pedestrian-vehicle
collisions, age and gender are two variables often taken into account. Compared to the
general population, ageing pedestrians are overrepresented in crashes compared to their
relative proportion of the population [20, 21]; up to 50% of all injured pedestrians in
OECD countries are seniors [2]. They are also more severely injured in road crashes and
experience longer hospital stays (3 to 5 times more than injured pedestrians between 15
to 64 years old) [22, 23], due to their prior physical condition. Children generally
experience fewer injuries [24], but within the 0- to 18-year-old group, 5- to 9-year-olds
are most at risk due to cognitive (less mature), physical (shorter, less visible through
traffic) and exposure (beginning of independent mobility) reasons [25, 26]. As for
gender, middle-aged men are the most at-risk pedestrians [24, 27], along with younger
boys (5 to 9), who might be more involved in collisions because of their greater exposure

to traffic (more independent mobility than girls) [25]. Lastly, behaviour such as walking



speed has been the focus of much attention lately, namely for elderly pedestrians. In fact,
some have hypothesized an association between their slower walking speed, due to the
process of ageing and change in their capabilities, and their injury risk, referring to this as
the “slow walking speed hypothesis” [28], which was positively tested in a recent paper
on elderly pedestrians who complete their crossing on a red light [29]. If we consider the
time spend on the street as a measure of exposure to risk at the crosswalk level [30], this

walking speed variable should be analyzed accordingly.

Beyond these individual characteristics, streets and intersections have also been studied
for their associations with pedestrian crashes, but also with pedestrian behaviours.
Characteristics such as presence of arterial roads are known to increase collision rates
[31-33]. On the contrary, signalized intersections (traffic lights) are known to decrease
the probability of collisions for children [25, 34] and the probability of fatal collisions for
adults [35]. However, Svensson and Hydén [36] found that signalized intersections seem
to produce more high-severity interactions than non-signalized ones. One-way streets are
related to more collisions in children [34, 37], but Dai et al. [38] found the opposite on
university campuses. As for marked crosswalks, the higher collision rates found for
adults [33, 39], seniors [40] and children [34] might be explained by the fact that there is
more traffic and/or a greater number of pedestrians at these particular crosswalks [41].
Inversely, experiments involving different pavement marking configurations found a
reduction in pedestrian-vehicle conflicts and an increase in the yielding distance [42]. Of
all the variables in the models proposed by Lachapelle and Cloutier [29], the presence of

cycling infrastructures had the strongest odds of being associated with an elderly



pedestrian finishing on a red light when crossing. The cognitive complexity of dealing
with this added infrastructure (needing to look both ways more than once) was thought to

cause this effect.

Visibility, both for pedestrians and drivers, is crucial for avoiding collisions at
intersections. Accordingly, parking bans (or presence of parked vehicles) and traffic
calming devices such as curb extensions have been put forward as measures to increase
visibility. However, the presence of vehicles parked at the curb revealed contradictory
effects in different studies: while Tom and Granié [43] show that pedestrians display
more cautious crossing behaviour when there are no parked vehicles nearby, Yannis et al.
[44] found that the presence of illegally parked vehicles at mid-block crossings makes
pedestrians more careful because of reduced line of sight. In the case of child pedestrians,
where visibility is even more important because of their height, several authors found an
association between the presence of parked cars and increased collision rates [34, 45].
Curb extensions, for their part, are known to be effective at improving visibility [46, 47],
but few studies have examined their effectiveness at reducing collisions or interactions

(for some of them, see Mead et al. [48]).

In terms of behaviours associated with the number of interactions, the work of Kaparias
et al. [3] shed light on the fact that “there are no generic behavioural criteria that can be
used to examine lower severity interactions in different traffic situations.” However, their
work suggested that key traits related to pace (drivers and pedestrians) and direction

change while approaching the point of interaction be a priority for future research. Work



from the Swedish researchers added two other elements: road safety regulation
compliance (e.g.: yielding) from both drivers and pedestrians, and looking behaviours [6,
36]. Accordingly, pedestrians who did not look before they crossed a signalized

intersection had more risk of being involved in a traffic conflict [6].

3. ANALYTICAL MODEL

The relatively small number of research on pedestrian-car conflicts and interactions has
typically collected data either through video (and post-collection coding grid) or direct
observation of behaviours (3; 6; 13; 36; 42). Analyses are based on several indicators,
some related to the pedestrian (looking, yielding to cars), to the driver (speed changes,
yielding to pedestrians) or both (yielding distance, time-to-collision, etc.), but almost
none of those research studied the effect of the crossing site characteristics on those
indicators. In addition, they either focus on one specific age group (e.g. seniors) or do not
compare age groups within their sample. Finally, their definition of “conflict” is fairly
narrow, including only events under a specific threshold such as a short time-to-collision
indicator or a small yielding distance.

In order to assess the occurrence of interactions between pedestrians and other motorized
road users as an outcome, we posit that information on the individual, behavioural and
environmental characteristics as well as location of the crossing must be observed. Our
analytical framework answers some of the conceptual and methodological limitations
found in previous research, such as a comparison between age groups, a broader
definition of “interaction” and the inclusion of environmental variables to explain the

occurrence of interactions between pedestrians and vehicles. The manner in which we
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organized these concepts around our objectives is presented in Figure 2. As seen in the
previous section, existing research both in conflict and crash literature has identified
some of these correlates, but seldom studied them jointly using a naturalistic research
design like the one proposed here, which include direct non-participatory observation of

pedestrians in their “natural” environment, when they cross the street.

Crossing characteristics
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FIGURE 2: Analytical model for interactions involving crossing pedestrians and

vehicles

4. METHODS

4.1 Observation site and data collection
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Child, adult and senior pedestrians were observed crossing as part of two road safety
research projects on the association between street environment and pedestrian road risk
(one targeting children and the other, seniors). Data collection was undertaken between
May and November 2013 in five different cities in the province of Quebec, Canada:
Montreal, Laval, Longueuil, Quebec City and Gatineau. Those cities were chosen for
their representativeness of the North American urban form and for their involvement in
walk-to-school programs. Observation sites were selected to represent a variety of street
crossing situations at intersections, because the majority of collisions occur at
intersections [49]: 1) near elementary schools (n=23) located in different urban forms
(urban, suburban, dense and less dense) in order to get a sufficient number of
observations in a short period of time (before and after school); 2) “points of interest” for
seniors around these schools: drugstores, banks, clinics, coffee shops, etc. [50]; and 3)
either where higher proportions of elderly people reside (2006 Canadian census) or where
major seniors’ residential complexes are located. Observers were given a list of initial
intersections within the vicinity of schools to observe children before and after school,
but were allowed to move to other nearby locations if few adult and senior pedestrians
were crossing there during the day. In the summer, intersections near parks were added to
the initial ones to observe more children during daytime. Retained characteristics of
crossing sites are presented in Table 1, where we can see a greater proportion of sites
with traffic signals, with arterial or collector street at intersection, with no bicycle path or
with parked cars. One third of the crossing sites were on one-way streets, and around

10% had either a curb extension or different surface material to mark the crossing.
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Table 1: Characteristics of the 278 street crossing sites

Number of %o of Mean

o street street number of
Characteristics ] ] )
crossing crossing observations

sites sites per site
Intersection/crossing traffic control
device
None (at crossing) 43 15% 15
Stop sign 68 24% 18
Traffic signal 167 60% 17
Traffic signal with pedestrian light 115 69% 19
Traffic signal with pedestrian light and
button 45 27% 13
Presence of bicycle path
No bicycle path 225 81% 16
Bicycle path directly affecting crossing 30 11% 24
Bicycle path at intersection 23 8% 19
Parked cars close to crossing
None 171 62% 19
Cars parked on one side 81 29% 14
Cars parked both sides 26 9% 16
One-way street 81 29% 20
Different crossing surface material 33 12% 13
Curb extension 27 10% 19
Arterial or collector street at intersection 185 67% 15

Student observers (team of 3) were trained to fill out three different observation grids,
linked together by unique IDs: 1) characteristics of the street crossing environment (up to
4 pedestrian crossings per 4-way street intersection); 2) observation of pedestrian

behaviour before and while crossing; 3) observation of vehicle behaviour and interaction
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characteristics (if applicable) during the crossing. Street crossings were recorded in the
morning and afternoon for children (half an hour before and one hour after school hours,
typically between 7:30-8:00 a.m. and 3:30—4:30 p.m.) and mid-day for adults and seniors
(between 9:00 a.m. and 4:00 p.m.). These periods were selected to ensure that a
reasonable amount of observations could be conducted since they are the time period
with the most pedestrians in two of the targeted age group (children and seniors). Teams
of two observers (one for pedestrians, the other for interactions with vehicles) were
positioned, one on each side of the street, slightly set back from the crossing to avoid

contact with observed pedestrians (see Figure 3).

4.2 Street crossing environment characteristics

As previously mentioned, the street crossing environment grid refers to the pedestrian
crossing and surroundings at the curb. After initial data analysis, six elements of the
original grid are included in this paper: presence and type of traffic control device
(presence or absence of traffic lights for vehicles and pedestrians); one-way street or not;
different crossing surface material (anything outside marked pavement); presence of
cycling infrastructure; presence of parked cars near the crossing; presence of curb

extensions and presence of arterial or collector roads at the intersection.

4.3 Observed pedestrian crossing behaviours and interactions with other road users
Observation of crossings was conducted using an observation grid adapted from previous
work [43, 51]. Three individual variables were retained here: age (estimated in 5

categories), gender and observed walking speed (categories from “very slow” to
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“running” when compared to an average adult speed) of the observed pedestrians (see
Table 2).

As stated earlier, we used a broader definition of interactions in order to be able to
capture events with “dangerous proximity” [13], which can be considered serious
incidents, particularly for the two targeted groups, namely child and senior pedestrians.
Therefore, interactions were recorded when the pedestrian’s path (blue line in Figure 3)
and the driver’s path (red line) crossed while the pedestrian was still on the street (on the
pavement, not curb). This definition recalls the one used by Kaparias et al. (3) ina
shared-space context. Each time these two paths crossed, one of the observers recorded
characteristics related to the type of vehicle involved (car, bus, bike, etc.) and to the
observed pedestrians’ and drivers’ behaviours during the interaction. For this paper, we
will test five different behaviours, based on existing results (the first two) or on our field
experience with pedestrian crossings (the last three) (see Table 4 for the detailed
categories): the driver’s reaction during encounter (from slowing down to accelerating);
observed distance between car and pedestrian (estimated at less than a meter, 1 to 2
meters or more than 2 meters); and vehicle movement during interaction (straight line,
right or left turn); whether the vehicle was passing the stop line (or not); and pedestrian

priority compliance (from drivers and/or pedestrians) .



15

N

FIGURE 3: Data collection protocol and definition of an interaction

4.4 Statistical analyses

The final database includes pedestrian crossing observations, interaction characteristics
(if applicable) and crossing environment characteristics, including a unique ID for
observation grouping by location. After providing descriptive bivariate analyses, a
mixed-effect logit model was used to assess the correlates of interactions with other road
users while crossing, accounting for the grouping of observations in selected crossing
environments using a random effect [52]. This model was computed in addition to a basic
logistic regression model. Finally, Chi-squared tests were used on the interactions’ subset
of data (n=843) to highlight significant associations between interaction characteristics

and age group. All analyses were carried out using Stata 14.



16

5. RESULTS

5.1 Descriptive statistics of pedestrian observations and crossing sites

Data collection resulted in 4,687 pedestrians observed at 278 crossing sites. Almost half
of them were seniors (46%) because of the original study design requiring oversampling
of the elderly, but there was an almost equal number of men and women and the most
frequent walking speed recorded was “normal,” despite the age of the observed
pedestrians (see Table 1 for percentages). As for children, only 17% of our sample was
collected during summer months since most of the observation sites were near schools
during school periods. Interactions were observed for 18% of the pedestrians, with only 8
observations being a serious conflict according to the sudden avoidance behaviour of one
of the protagonist (e.g. breaking for drivers, jumping backward for pedestrians).

A larger proportion of observations were made at crossing sites with traffic lights, which
could partially be explained by the search for points of interest, usually on main roads,
also overrepresented here. Another hypothesis would be that seniors tend to cross more at
intersections with traffic lights for a variety of reasons such as better trust in the ability to
cross safely, as it was observed before [53]. One third of the observation sites were one-
way streets while respectively only 11% and 9% of them had curb extensions and/or a
different surface material used to delineate the crossing. Lastly, a smaller number of
observations were located near a bike path, located either directly at the crossing or at the
intersection (21%) and a third of the observation had parked cars on one or both sides of

the streets (Table 2).
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TABLE 2: Descriptive statistics (n=4,687 observed pedestrian crossings)

Interactions

Total No Yes P-value
n 4,687 3,839 848
Row percentage 100 82 18.09
Age (% by column) 0.00
5to 8 23.75 26 13.56
9to 19 18.37 20.03 10.85
20 to 64 11.52 10.65 15.45
65 to 79 38.28 35.74 49.76
80+ 8.09 7.58 10.38
Gender (% by column) 0.25
Male 44.7 45.09 42.92
Female 55.3 54.91 57.08
Walking speed (% by column) 0.00
Very slow 1.58 1.07 3.89
Slow 13.51 12.27 19.1
Normal pace 77.92 79.08 72.64
Fast and running 7 7.58 4.36
Intersection/crossing traffic control
device 000
None (at crossing) 13.61 12.95 16.63
Stop sign 26.01 27.51 19.22
Traffic signal 14.15 13.83 15.57
Traffic signal with pedestrian light 34.37 33.55 38.09
Traffic signal with pedestrian light and
button 11.86 12.16 10.5
Presence of bicycle path 0.00
No bicycle path 78.34 76.22 87.97
Bicycle path directly affecting crossing 13.29 14.87 6.13




18

Bicycle path at intersection 8.36 8.91 5.9

Parked cars close to crossing 0.00
None 69.06 70.2 63.92

Cars parked on one side 23.41 22.17 29.01

Cars parked both sides 7.53 7.63 7.08

One-way street 32.94 34.15 27.48 0.00
Different crossing surface material 8.92 9.51 6.25 0.00
Curb extension 10.65 11.38 7.31 0.00
Arterial or collector street at intersection  59.36 58.4 63.68 0.01

5.2 Individual and crosswalk characteristics related to interaction occurrences
Descriptive statistics and Chi-squared tests are presented in Table 2. While gender was
not significant, age was positively associated with interactions, with the 65-79 year-old
age group experiencing the highest proportion of interactions. Almost half of the
observed pedestrian in that age group had an interaction with a vehicle or a bike. As
mentioned earlier, crossing speed of elderly is likely a contributing factor, since very
slow and slow speeds are significantly associated with more interactions.

All crossing site variables are significantly associated with interactions. One-way streets
and different crossing surface materials both had significantly fewer interactions. When
bicycle paths were present, as well as when the crosswalk was extended (curb extension),
the share of interactions was also significantly lower. Both the presence of parked cars on
the corner and of an arterial or collector street at the crossed intersection led to more
interactions. Lastly, the occurrence of interactions differed significantly between types of
street signal. Crossing at intersections with both traffic and pedestrian lights was

associated with more interactions.
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5.3 Mixed-effect logit model

To account for the grouping of observations by crossing sites, we modeled the binary
variable of interactions (yes/no) in a mixed-effect logit model and compared the results to
a simple multivariate logistic regression (see Table 3). As per the Akaike Information
Criterion (AIC), the mixed effect logit model performed considerably better. While the
relationships between age, gender and walking speed remained similar in both models,
crossing environment variables displayed different patterns. Since nearly 30% of the
variance in the logit model is explained by the grouping of observations in studied
intersections, we can hypothesize that several of the significant results are now

amalgamated in this coefficient (i.e.: the crossing site constant is also significant).

Gender does not influence interaction probability in our models. However, in all age
groups—younger and older adults—positive odd ratios were around 2.7, while children
experienced less interactions than other groups. As for walking speed, “very slow”
walking speeds made all other categories negatively associated to interactions, with odd
ratios as low as 0.194 for pedestrians going fast or running. With respect to crossing
environment characteristics, six of the seven variables were significantly associated with
interactions. The only characteristic not significant in the mixed-effect logit model
(traffic control device) was significantly and negatively related to interactions in the
logistic model (presence of traffic signal), suggesting that this effect was captured by the
random effect of street crossings groupings. The presence of four characteristics

decreased the probability of having an interaction: when the crossing was on a one-way
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street, when crossing had a different surface material, when a bicycle path directly

affected crossing and when a curb extension was present. Two variables were positively

related to interactions: when cars were parked close to one side of the crossing and when

an arterial or collector road was part of the intersection.

TABLE 3: Logistic regression of likelihood of interactions and conflicts (Odds ratio)

Mixed-effect logit

Outcome: Interactions yes/no Logistic model model
Age

5to 8 0.94 0.934
9t0 19 (ref.)

20 to 64 2.916*** 2.831***
65 to 79 2.612%** 2.745%**
80+ 2.100*** 2.631***
Female 0.98 1.019
Walking speed

Very slow (ref.)

Slow 0.413*** 0.328***
Normal pace 0.309*** 0.236***
Fast and running 0.222*** 0.194***
Traffic control device

None (at crossing) (ref.)

Stop sign 0.96 0.921
Traffic signal 0.552*** 0.533
Traffic signal with pedestrian light 0.85 0.62
Traffic signal with pedestrian light and button 0.74 0.726
Presence of bicycle path

No bicycle path (ref.)

Bicycle path directly affecting crossing 0.491*** 0.399*
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Bicycle path at intersection 0.572** 0.479
Parked cars close to crossing

No parked cars (ref.)

Cars parked on one side 1.383*** 1.613*
Cars parked both sides 1.432* 1.59
One-way street 0.656*** 0.591*
Different crossing surface material 0.382*** 0.419**
Curb extension 0.74 0.611
Arterial or collector street 1.295** 1.592*
Constant 0.489* 0.447
Crossing site constant / 3.854***
ICC / 0.2908
Observations 4687 4687
Chi square 302.3 111
Significance 0.000 0.000
Pseudo R squared 0.068 /

AlC 4171.7 3904.6

* p<0.05, ** p<0.01, *** p<0.001

5.4 Behaviours during interactions and age difference

Turning to an analysis of recorded interactions (n=843), Table 4 provides cross

tabulations for the behavioural characteristics of interactions across age groups. Of the

six variables we tested, five were significant associated, based on Chi-squared tests.

Vehicle type was the only variable that was not significant. When looking at proportions,

children’s age groups (5 to 8 and 9 to 19 years old) seem to have distinct behaviours

since they were present in greater proportions when road users were waiting and had a

straight course. The stop line was not respected by a larger proportion of road users when

child pedestrians were crossing, but the distance between the pedestrian and the vehicle
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was greater (more than 2 meters 44% of the time), and both protagonists respected road
regulations in greater proportions. Adults were involved in more interactions where the
driver/cyclist was turning right and in interactions where both road users were not in
compliance with the rules. The 65 to 79 years old group were more frequently involved in
interactions with vehicles at constant speed and in cases when the pedestrian was at fault,
in a proportion similar to adults (17%). Lastly, the oldest age group (80+) was involved
in riskier interactions several times: when vehicles were going at constant speed or were
accelerating (23% and 9% respectively) and when pedestrians were at fault (23%). No
clear tendencies are shown for distance between the eldest pedestrians and vehicles:
either it was very short (less than 1 meter for 23% of them) or very long (more than 2
meters for 33% of them). On a positive note, the stop line was respected by 71% of

drivers/cyclists facing an 80+ pedestrian, the largest proportion of all age categories.
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TABLE 4: Descriptive statistics (%) of interaction characteristics across age groups

5to8 9to19 20to64 65t079 80+ 5
Total vyears years years years years
value
old old old old old
Total 843 115 92 130 418 88
Row Percentage 100 136 10.9 154 49.6 10.4
Interacting vehicle 0.414
Automobiles,
886 904 90.2 86.3 88.4 88.6
motorcycles and taxis
Buses and freight
55 2.6 4.4 9.9 5.2 5.7
trucks
Bicycles, skateboards
5.9 7.0 54 3.8 6.4 5.7
and rollerblades
Driver reaction 0.005
Slows down 25.9 226 19.6 29.0 26.7 28.4
Waiting 49.8 60.0 66.3 44.3 47.4 38.6
Constant speed 18.0 12.2 6.5 19.1 20.5 23.9
Accelerates 6.4 5.2 7.6 7.6 55 9.1
Passing the stop line 0.000
Yes 624 444 46.7 67.7 67.5 70.5
No 196 39.1 43.5 16.2 12.1 10.2
Not Available 180 165 9.8 16.2 20.4 19.3
Pedestrian priorit
) P Y 0.000
compliance
Compliance (all) 451 60.9 60.9 41.2 39.8 38.6
Non-compliance
_ 147 4.4 7.6 16.8 16.8 22.7
from pedestrian
Non-compliance
30.7 313 27.2 29.0 31.8 30.7

from other road user
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Non-compliance both 9.6 3.5 4.4 13.0 11.6 8.0
Distance to
pedestrian 0024
0-1 meter 202 174 16.3 20.0 21.3 22.7
1-2 meters 469 38.3 39.1 50.8 50.2 44.3
More than 2 meters 33.0 444 44.6 29.2 28.5 33.0
Vehicle movement 0.000
Straight course 395 64.35 57.61 31.3 32.22 35.23
Was turning right 36.5 17.39 17.39 45.8 42 40.91
Was turning left 24 18.26 25 22.9 25.78 23.86
6. DISCUSSION

This study found that in more than 4,000 observed street crossings in a variety of
different environments, interactions with other road users occurred in nearly 18% of
cases. While one-fifth of random crossing observations is a considerable amount, few of
these interactions actually led to conflicts and very dangerous situations. There are a
number of issues for which data from the existing literature is inconclusive and others for
which our results contribute since there has been little to no research so far. We present
our contribution while focusing on three specific aspects: the relative protection around
schools for children; the worrisome situation of interactions involving senior pedestrians;
and the importance of the roadway characteristics in the occurrence of pedestrian
interactions with vehicles.

Children seem to be in a particular situation in our sample when it comes to interactions
while crossing. They experienced fewer interactions and when they do so, these
interactions are less severe (more compliance with priority rules by other users and

longer distance separating them from vehicles). We put forward three hypotheses to



25

explain those results. First, a majority of our observations were taken within school zones
(mean distance of 105 meters between observed crossing and nearest elementary school)
and during school period (83% of them outside summer time), which means that the road
infrastructure, if it follows prescriptions, should be safer. Road signage for school zone,
speed limit of 30 km/h and other road safety devices (drop-off area, traffic calming, etc.)
are common, if not mandatory, in the immediate school vicinity. Those safety devices
were associated to less collisions in several studies [54, 55]. Our results might be
influence by the “cumulative” effect of street features in proximity to schools, an effect
that we were not able to measure and directly take into account here but that would be
interesting to explore further in the future. Second, adult school crossing guards were
present in about half of children’s observations. In past studies, their presence was either
associated to higher or to non-significant effect on collision rates [34, 56, 57], which is
often identified as the consequence of the crossing guard’s location, often at accident-
prone intersections. We did not include this variable in the model since it was not
collected at all the observation sites (adults and seniors). The hypothesis that school
crossing guards could reduce interactions while crossing should be examine further:
preliminary results on a similar database found that interactions were less frequent at
crossing with adult school crossing guards [58]. Third, the “safety in number” hypothesis
[59] may be at play here too: observations were mostly undertaken in the morning, when
surroundings of the school are very busy with children and parents walking or driving
around in a short period of time (approximately 15-20 minutes before school starts). Even
if driving parents are known to not always behave appropriately [60], our field experience

show us that even small groups of children crossing are more visible and harder to ignore
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for drivers. As well, children might behave more safely while surrounded by other adults

and traffic.

As for older adult pedestrians, their situation is more worrying since they are more at risk
of interactions, especially for those with low walking speed. These results are in line with
recent research, which also insists on the high compliance of elders: they wait more
frequently for the next green light, hesitate in greater proportion before crossing, do not
accelerate at mid-crossing and cross in straight line more often than younger pedestrians
do [29, 61]. However, all these “safe” behaviors might contribute to greater odds of
finishing a street crossing on a red light, which might explain their higher proportion of
non-compliance to regulation found here. Finally, their slower speed might also explain
drivers’ reactions when interacting: although the proportion of drivers stopping at the
stop line is higher, the distance between elderly pedestrian and the vehicle is either very
short or very large. Would it be that drivers lack patience when facing an older pedestrian
taking more time to cross? This new line of research is promising in terms of education

campaigns towards drivers.

Finally, our results demonstrate once again the importance of road characteristics and
intersections design when it comes to pedestrian road safety. The strong association
between arterial road and more vehicle-pedestrian interactions found in our model points
out once again the inherent danger of these roads for pedestrians. Our results add new
knowledge about their positive influence on the occurrence of interactions, a result in line

with previous research that demonstrate their positive association with pedestrian crash
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probabilities, either for the general population [33] or the school-age children [62].
Avrterial roads are often wider, have more lanes and faster and heavier traffic, which
makes them unsuitable for pedestrians to cross. Interventions targeting at least safer
intersection crossing are required since arterial roads are ubiquitous in modern cities,
especially in poorer central neighborhood [63].

Visibility at the crossing seems to be another important feature in our results since one
variable affecting visibility was positively related to interaction occurrence and three
were negatively related to them. First, the presence of parked cars is related to more
interactions, which is in line with research on child collisions [34, 64] and other research
on pedestrians cautious behaviors when approaching a crossing with parked car [44].
However, interpreting why the “parked cars on both sides” variable was not significantly
associated with interactions (only in the mixed-effect model) is unclear. We suggest that
more cars blocking pedestrians’ line of sight may lead to more vigilant behaviors from
both pedestrians and drivers. Further investigation of this finding may be warranted in
future research. Inversely, three variables were associated with fewer interactions: one-
way streets, different crossing surface material, and presence of a bike path at the
crossing. As for one-way streets, one would argue that having cars coming from only one
way reduces the chances of interactions, which is in line with our result. However, they
were found to either reduce or increase collision risk for specific population (children
[34, 37] and on university college campus [38]), so our results calls for additional
exploration of the influence of this major urban feature on road user behaviors. Our result
on different surface material is also in line with previous work on conflicts and

interaction [42]. Analyses not shown here comparing other types of marked crosswalk
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(yellow and white zebra, and double line) were not significantly related to interactions.
Nevertheless, the poor quality of the marked crosswalk in a great number of observation
sites (marking not visible) might also explain these results, which is why we only kept the
different surface material variable here. Finally, the exploration of the relation between
bike path and interactions is not usual in road safety: this type of variable is usually
related to cycle crash studies, for example. The fact that our result demonstrate a negative
relation between their presence and interaction is even more intriguing: our previous
work on senior pedestrians link the presence of a bike path to greater odds of finishing
the crossing on a red light, which would lead to expect more interactions. This is not the

case here, maybe because of the inclusion of all age group.

All these results and new research avenues strengthen the importance of conducting
naturalistic observational study like ours to understand the upstream mechanism involved
in collisions. Given the similarities in the factors associated with vehicle-pedestrian
interactions and those known to influence collisions occurrence and rate, interactions may
be a reasonable proxy for potential collisions. Future studies should verify this hypothesis
by comparing the occurrence of collisions and interaction rates at specific intersections
for pedestrians. Such a study was undertaken for car-car crashes and near-crashes and
results illustrate the strong relationship between contributing factors for crashes and for

near-crashes [19].

6.1 Limitations

As with any field survey, limitations from the data gathered through observations exist.
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Such field observations are known to be more valid than other automatic traffic-conflict
techniques, but they are also vulnerable to intra and inter-observer variability [8]. Even
with multiple hours of training in groups (both on and off site), the nature of the data
collected creates the possibility for interpretation and misreporting, especially when
taking into account the complex movement dynamics of pedestrians [13]. Using a pre-
tested observation grid and placing observers in pairs ensured a greater level of accuracy
in observations, even if we did not test, in this project, the inter-observer agreement since
it was done on the same grid in a prior project [43]. Another example lies in the
possibility that observers may have misreported more subjective variables such as
walking speed and age, even though few categories were used. Observers were clearly
indicated to determine speed as compared with an average adult, and age through facial
traits, posture and general common sense, but we recognize that signs of aging differ
depending on lifestyle and genes and that observations of personal characteristics may be
subjective. Another limitation of our dataset lies in the timing of the observations: during
Spring, Summer and Fall days. The data is therefore partially representative of all the
possible time period a pedestrian can cross streets, such as at night or during the Winter.
These schedules were chosen in order to be present when there are important numbers of
pedestrians on the street during relatively short periods of time. Also, nighttime is a
source of insecurity both for children and seniors, leading them to go out less frequently
than during daylight hours. We acknowledge that our results only reflect those times of
the day/year and cannot be generalized to all pedestrians, all year long. All these may be
explanations for the modest size of the Pseudo R-Square provided in the logistic

regression, in addition to the inherent complexity of modeling human behavior, which
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usually lead to low R-square and pseudo R-square [20]. Possible improvements to the
model could include direct measurements of traffic and speed of vehicles and actual
distance between vehicles and pedestrians, or weather variations. These were

unfortunately not included in data collection.

7. CONCLUSION

The main objective of this paper was first to explore the relationship between individuals
and crossing characteristics and interaction occurrence between pedestrians and other
road users (mostly vehicles) and second, to see if these particular interactions led to
different reactions and behaviors for pedestrians of different age groups. Our unique data
set of observations of street crossings in different urban road environments in Quebec,
Canada is one of the strengths of this study. Our results provide a better understanding of
the interaction between pedestrians and vehicles in different crossing environments and
for different age groups: Senior and child pedestrians were found to have very different
interaction pattern compared to adults. Past research have studied the influence of most
of our variables on crash risk, but not on the occurrence of interactions or conflicts
involving pedestrians [14]. This is where our results are the most valuable: adding to the
knowledge of pedestrian-vehicle interactions. We also found that design of crosswalks
and the addition of safety and visibility features can reduce the probability of interactions
between crossing pedestrians and vehicles. Educating drivers and pedestrians to respect
each other’s space requires an understanding of where, between whom, and under what

circumstances interactions occur. Such an approach can also help identify which
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engineering, urban design and enforcement programs are needed to ensure safe pedestrian

crossings for all ages.
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