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a  b  s  t  r  a  c  t

Pedestrians’  crossing  out  of  crosswalks  (unmarked  roadway)  contributed  to many  traffic  accidents,  but
existing  pedestrian  studies  mainly  focus  on  crosswalk  crossing  in developed  countries  specifically.  Field
observation  of  254  pedestrians  at unmarked  roadway  in China  showed  that  65.7%  of  them  did  not  look  for
vehicles  after  arriving  at the  curb.  Those  who  did  look  and pay  attention  to  the  traffic  did  so  for  duration  of
time  that  followed  an  exponential  distribution.  Pedestrians  preferred  crossing  actively  in  tentative  ways
rather  than  waiting  passively.  The  waiting  time  at the curb,  at the  median,  and  at  the roadway  all  fol-
lowed  exponential  distributions.  During  crossing,  all  pedestrians  looked  at the oncoming  vehicles.  When
interacting  with  these  vehicles,  31.9%  of them  ran  and  11.4%  stepped  backwards.  Running  pedestrians
usually  began  running  at the  borderline  rather  than  within  the  lanes.  Pedestrians  preferred  safe to  short

paths and  they  crossed  second  half  of  the  road  with  significantly  higher  speed.  These  behavioral  patterns
were  rechecked  at an  additional  site  with  105  pedestrians  and  the  results  showed  much  accordance.  In
terms  of  safety,  pedestrians  who  were  middle  aged,  involved  in bigger  groups,  looked  at  vehicles  more
often  before  crossing  or interacted  with  buses  rather  than  cars were  safer  while those  running  were

l  app
tion  o
more  dangerous.  Potentia
of  pedestrians  and  educa

. Introduction

.1. Unmarked roadway crossing

As a developing country, China has high numbers of traffic acci-
ents and pedestrian deaths compared with those in developed
ountries. In 2004, there was a total of 107,077 traffic deaths and
80,864 injuries (CRTASR, 2005). Both drivers and pedestrians con-
ribute to this severe problem. However, many previous studies
ocused on the driver’s side (Wang and Li, 1995; Liu et al., 2009; Wu
t al., 2009) rather than the pedestrian side. According to CRTASR
2005),  pedestrians illegally crossing through the roadway leads
o 11,383 accidents, accounting for 83.25% of the total number of
ccidents caused by pedestrians. By the law in China, if there is
o overpass or underpass, pedestrians should only cross at sig-
alized or marked crosswalks unless there are no such facilities.
herefore, “illegally crossing through the roadway,” means that
edestrians do not cross at crosswalks (cross at unmarked road-

ay). Our preliminary study consisted of two focus groups (12
articipants) and revealed that this would happen under the fol-

owing conditions: pedestrians have urgent tasks, when the road
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lications  of  these  findings,  including  building  accurate  simulation  models
f  drivers  and  pedestrians  in  developing  countries  were  also  discussed.
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situation satisfies their personal safety requirements, when there
are no crosswalks nearby, and when the pedestrians are ignorant
of the traffic regulations. Since these occasions happen frequently
and the consequences of the resulting accidents are rather serious,
unmarked roadway crossing became the focus of this study.

On the one hand, unmarked roadway crossing has received
insufficient attention in research worldwide. As of today,
researches concerning pedestrian crossing behaviors were taken
in both virtual and real roads. In virtual road crossing studies (e.g.
Cavallo et al., 2009; Lobjois and Cavallo, 2009), researchers mainly
investigated pedestrians’ judgments before crossing, regardless
of the presence of crosswalks. Studies that were done utilizing
real life roads were mainly conducted at both signalized cross-
walks (Hatfield and Murphy, 2007; Tiwari et al., 2007; Rosenbloom,
2009) and marked or unmarked crosswalks (Ragland et al., 2007;
Rosenbloom et al., 2008). Unmarked roadway crossing was under-
reported and for the most part the reported ones primarily did
not focus on unmarked roadways itself. For instance, when build-
ing the pedestrian crossing behavior model, Airault & Espié (2005)
illustrated whether pedestrians would cross at or out of cross-
walks as a simplified example to show a pedestrian’s tendency
to choose among the available facilities. Through evaluation, Chu

& Baltes (2001) discovered that pedestrians evaluated crossing
through roadway to be more difficult than at crosswalks. In their
studies, roadway crossing was only one condition out of a set of
variables to be evaluated.

dx.doi.org/10.1016/j.aap.2011.05.005
http://www.sciencedirect.com/science/journal/00014575
http://www.elsevier.com/locate/aap
mailto:changxu.wu@gmail.com
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egories: Crossing on foot with a bicycle or motor, vehicles showing
up 6 s after pedestrians had finished crossing one lane (for all lanes),
people who crossed while staying in a very large group exceeding
928 X. Zhuang, C. Wu  / Accident Analys

On the other hand, unmarked roadway crossing may  have dif-
erent characteristics with other facilities in question. Researchers
howed that compared with marked crosswalks, pedestrians at
nmarked crosswalks were more likely to look in both direc-
ions, wait in the street instead of on the curb, and run across the
oad when they felt they had the chance (Mitman et al., 2008).
his decrease in protection and control of the activity at these
rosswalks, resulted in several differences in crossing behaviors.
herefore, it is likely that when pedestrians are under less con-
rol than at unmarked crosswalks, say unmarked roadway, they
ill also behave differently. In fact, the focus group also found that
edestrians perceived less tense at crosswalks where they had the
ight of way. What’s more interesting, is that they tended to watch
or vehicles more frequently, walk more quickly or even run across
nmarked roadway.

To make the topic more focused, this study only addressed
nmarked roadway crossing in China. Chinese people complete 40%
f their travelling by walking (Yang et al., 2006), which exposes
hem to a considerable amount of danger. Fortunately, efforts have
een made to study pedestrians delay (Li et al., 2005), red light
unning (Yang et al., 2006) and the intention of pedestrians to
ross at potentially unsafe situations (Zhou et al., 2009). However,
espite these efforts, little research has been addressed to the illegal
nmarked roadway crossing issues in China.

.2. Pedestrians crossing behaviors

Pedestrians cross roads at different locations. In terms of
rotection, crossing facilities follow the order of underpass or
verpass, signalized crosswalks, marked but not signalized cross-
alks, unmarked crosswalks and unmarked roadway. Unmarked

oadway differs from an unmarked crosswalk in that the latter
efers to unpainted crosswalks at intersections while the former
s unpainted midblock locations. In fact, unmarked roadways can
ardly be called a crossing facility, as there is no protection at all.
owever, since all crossings share some basic processes, studies at
ther facilities were introduced to provide the target components
f crossing behaviors at unmarked roadways.

First, pedestrians’ crossing behaviors are related with their char-
cteristics (e.g. age and gender). At signalized crosswalks, females
ait longer than males (Tiwari et al., 2007). At marked crosswalks,

he older the pedestrian is, the longer the waiting time will be
Hamed, 2001). This implies that age and gender may  be important
actors at unmarked roadway crossing. Second, pedestrians have to
udge the situation to find a proper chance to cross. The study of this
udging process was governed by gap acceptance theory (Brewer
t al., 2006). That is, pedestrians look to determine whether the
ap between two vehicles is big enough to cross. If yes, then the
ap is accepted and the person will cross, otherwise the civilian
ill wait for better opportunities. Consistently looking at vehicles

efore crossing was the most frequently mentioned safe behavior
hat was practiced by the focus group participants. This suggested
ehaviors like waiting and looking at vehicles might make a dif-
erence. Finally, the manner in which the pedestrians cross the
oad also affects their safety. Running was considered dangerous at
arked crosswalks (Rosenbloom et al., 2008). Low crossing speed

Murray, 2006) and using a cell phone (Hatfield and Murphy, 2007)
lso impaired pedestrians’ safety. In accordance with these find-
ngs at crosswalks, the focus group gave evidence that pedestrians
t unmarked roadways regarded running and being distracted as
nsafe conducts, while the estimation of one’s own speed was  con-
idered necessary in judgments. As an interactive behavior specific

o the unmarked roadway, going backwards was not covered in
revious studies. However, focus group participants considered it
angerous because it went against the expectations of the driver.
hese results encouraged inclusion of distractors, running, going
 Prevention 43 (2011) 1927– 1936

backwards and the crossing speed in this unmarked roadway study.
In addition, participants thought of police cars and big trucks as
being dangerous and they were divided on the safety of buses.
Despite the small sample size of the focus group, these results urged
us to include vehicle type as another factor when considering safety
issues.

In summary, this study aims to explore pedestrian behavior
and safety at unmarked roadway in China. The behavioral patterns
could promote further modeling researches, and the discussion
about safety is expected to improve pedestrian safety in some way.

2. Methods

2.1. Location

Illegally crossing through unmarked roadways often happens
when attractions (i.e. places where many pedestrians visit) exist on
either side of the road. For example, on one side of the road, there
may  stand big supermarkets or a large plaza area with restaurants,
and on the other side there might be residential blocks and bus
stations where crowds of people gather. People naturally hope to
reach their destinations quickly, so they are not likely to make a
detour and cross at a crosswalk nearby. For this case, a site that is
representative of this situation and at the same time efficient for
data collection was  chosen.

The observation site is near the North Bus Station of Hangzhou,
China. It is a busy site with about 2826 vehicles and 757 pedestri-
ans passing through every hour. This two-way road has three lanes
on each side. Although it’s only 82 m away from the nearest zebra
crossing, most people choose to cross here for convenience. Fig. 1a
is a simple sketch of it. This site was  chosen because it is a typi-
cal unmarked roadway-crossing site in Hangzhou. Other common
variations of it can be seen in Fig. 1b.

2.2. Field work

Two synchronized cameras were set on two sides of the crossing
area (“virtual crosswalks”) to take videos there. One camera was
set on a high building near the area to get a bird’s-eye view of the
site, while the other was placed 1.6 m above the ground to capture
details of pedestrian behaviors, especially their head movements.
The video shooting started from 10 AM and lasted until noon on
October 14th, and from noon until 4 PM on November 17th. Vehicle
volumes were not different between the two  days (�2 (1) = 0.90,
p = .344). Both days were sunny and nothing special happened.

2.3. Video data coding

The video was  played in Adobe Premiere Pro CS4 version 4.0.1
to perform the frame by frame coding with a time display accuracy
of 0.04 s. The coding was  carried out in the following two steps
manually.

2.3.1. Select pedestrians
The first step aimed to make sure the selected pedestrians

are crossing in normal conditions1 and can be observed clearly.
Therefore, we  neglected pedestrians belonging to the following cat-
1 Pedestrian safety at unmarked roadway are usually threatened when there were
oncoming vehicles with normal speed. Therefore, study of this situation was most
meaningful and it should be considered as the “normal condition”.
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Fig. 1. (a) Sketch of the site, (b) C

2, crossing in the gaps between the lines of stopped vehicles (traf-
c jam) or those who cannot be seen clearly at any moment after
rrival.

.3.2. Coding the variables
Table 1 shows the variables coded and their coding methods.
Fig. 2 shows coding of crossing styles. If pedestrians coinciden-

ally arrived at a point right straight toward their destination (e.g.
 start, D destination), they could follow shortest and safest path,
hich was coded as Style 0. If they were not so lucky to arrive at

uch points (e.g. A start, B destination), they ended up suffering
igher risks. In that case, if a pedestrian’s path was roughly the
hortest possible path but was not the safest (go straight ahead to
estination), then it would be the short distance style (Style 1). In
ontrast, if pedestrians yielded to vehicles by walking along the lane
o wait for a better crossing chance, they would have a curved path,
hich would be a safe style (Style 2). This can also be a combina-

ion of the three examples shown in Fig. 2. That is, pedestrians can
hange their directions at any of the lanes, regardless of whether it
s the median line or not.

To simplify the coding results, pedestrians susceptible to mul-
iple distractions were coded with the most influencing distractor
assessed by our researchers according to experience). The order
f influences is: phone related distractor, talking, eating or smok-
ng, carrying stuff and grooming. However, this had little influence
n the results, as only very few had multiple distractors. For the
istraction of carrying something, pedestrians had to be seen hold-

ng things that have influence on their behavior, e.g. luggage. For

Eating”, pedestrians must have food in their hands and they must
e consuming the food. “Grooming” means the act of pedestri-
ns sprucing and combing their hairs. Group size is the number
f people crossing together, regardless of whether they know each
n variations of our research site.

other or not. We  coded it in two  steps. In the first half, if pedes-
trian X had crossed more than 50 percent of half of the road width
before pedestrian Y began crossing (same or contrary direction),
then they were not in a group. Otherwise, they belonged to one
group. Then the far side group size was counted in the same way.
The final group size is average of the two. For before look freq,
before look dur, cross look freq and cross look dur, a noticeable
turn of the head needs to be seen (similar to Bungum et al., 2005).
Note that cross look dur is the ratio of the duration of looking left
to right and total crossing time (exclude median time and stop-
Wait time). Since pedestrians did not have the same crossing time,
this procedure made it possible to compare cross look dur among
pedestrians.

3. Results

The results cover three parts. First, descriptive findings were
presented to have a general knowledge of the observation. Second,
analysis of some important behavioral patterns was  conducted.
Finally, a multiple regression was  used to explore factors related
with pedestrian safety margin.

3.1. Descriptive findings

Overall, 254 pedestrians were coded and analyzed. Table 2
presents descriptives of the variables. All the time related variables
is measured in seconds and cross spd is measured in meters per
second.
Before crossing, 64.6% of the pedestrians went directly to the
street without waiting. Among those who  waited, 96.7% looked left
and right to analyze the situation. Overall, it is important to find
that 65.7% of the pedestrians did not look to check for oncoming
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Table  1
Definitions of variables coded.

Variables How to code

Gender Male: 1, female: 0
Age Teenage:<20, young:[20,30], middle: [30,50], elderly >50
Before distractor No distractor: 0, carry:1, eat/drink/smoke: 2, phone: 3, groom: 4, talk: 5
Cross distractor No distractor: 0, carry: 1, eat/drink/smoke: 2, phone: 3, groom: 4, talk: 5
Styles Safe: 2, short distance: 1, no distinction: 0
Before look freq Frequency of looking at vehicles before crossing; count head movements
Before look dur Measure duration of looking left and right before crossing
Run freq Count how many times pedestrian run
backward Count how many times pedestrian go backwards
Change direc Number of direction changes during crossing
GroupSize Number of pedestrians crossing together in both directions
Wait Time spent before crossing after arrival at the site
Cross look freq Frequency of watching for vehicles; count head movements
Cross  look dur Time of looking left and right/cross time (exclude median time and stopWait time)
Median time Time spent on the median line (the line in the middle of two-way roads)
Near side time Time spent at the starting half of the road
Far  side time Time spent at the ending half of the road
Not look time Time of not looking at vehicles at last part of crossing
Stops  Count the number of stops (hesitate for >0.04 s) during crossing
StopWait time Time duration of standstill in all stops
Ped spd Distance/cross time (exclude median time and stopWait time)
safetyMargin Gap between the time a pedestrian crosses before a vehicle and the time it arrives at the crossing point
Vehi  type The type of the vehicle yielded safetyMargina: bus: 1, car: 2

a Since the observation was conducted in urban area with few trucks, the vehicle observed to yield the safety margin were buses or cars.
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suggest that most pedestrians who waited behaved similarly in
each waiting period. They did not wait for a long time before start-
ing to cross again.
ig. 2. Crossing styles coding. Pedestrians arriving at A with destination of B adopt S
rriving at C with destination of D adopt Style 0.

ehicles before crossing the road. During crossing, all pedestrians
ooked for vehicles. They made tentative crossing, as 40.6% stopped
not at the median line), stepped backwards (11.4%), or ran (32.9%)
f they got the chance. When they reached the median line, 28% of
he pedestrians would stop and check the situation again in a way
imilar to when they were standing at the curb.

.2. Behavioral patterns

The above part gives a simple description of the observational
esults. This part conducted further analysis about behavioral pat-
erns of pedestrians. First, pedestrian safety was analyzed through
rossing styles. Then crossing behaviors were compared in terms
f waiting time, distractors, crossing speed, running and looking at
ehicles.

.2.1. Crossing styles
Pedestrians (28.0%) adopted Style 0 (safe and short, see Fig. 2) if

heir arriving point was straight toward their destinations (pedes-
rians need not compromise between safety and distance in this

ituation). For the 72% remaining, 83.6% adopted a safe style (See
tyle 2 in Fig. 2) while only 16.4% adopted the short one (See Style 1
n Fig. 2). The difference in proportion was significant (�2 (1) = 82.7,

 < .001). Since adopting a safe style meant that the pedestrian had
 (shortest distance between A and B) or 2 (safer but longer than Style 1). Pedestrians

to use curved paths covering longer distances than that of the short
style, the apparent preference over this “unwise choice” suggested
a safe tendency.

3.2.2. Waiting behavior in crossing
Pedestrians may  wait in three situations. These include waiting

for a chance to go before crossing (35.4%), stopping and waiting
in the roadway (40.6%), and stopping and waiting at the median
line (28%). These waiting behaviors are quite similar in terms of
waiting duration. Fig. 3 shows the distribution of wait time dura-
tion for those waited. All the waiting times followed exponential
distributions2. Time spent at the median line followed an expo-
nential distribution with � = 0.15, � = 1.0 (�2 (5) = 5.73, p = .33). For
waiting time at the curb, � = 0.14, � = 0.5 (�2 (6) = 1.47, p = .96). Stop
and wait time (standstill) followed a one parameter exponential
distribution with � =0.19 (�2 (6) = 3.89, p = .69). The distributions
2 Trial version of “EasyFit 5.3” of Mathwave Company was used to generate this
distribution and the distributions in the following part of the paper. Probability
density function of exponential distribution: f(x) = � exp(− �(x − �)).
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Table  2
Descriptive statistics.

Discrete variable Level N Percent Continuous variable Mean Std. dev.

Gender Female 118 46.5 Wait 2.8 5.47
Male 136 53.5 Before look freq 1.1 1.94

Age Teenage 14 5.5 Before look dur 2.3 4.72
Young 104 40.9 Median time 2.6 6.32
Middle 112 44.1 Near side time 14 6.84
Elderly 24 9.5 Far side time 11.6 3.97

Styles No  distinction 71 28 StopWait time 2.1 4.32
Short 30 11.8 Change direc 1.5 1.22
Safe 153 60.2 GroupSize 2.8 1.57

Stops 0  151 59.4 Cross look freq 5.4 2.42
1  74 29.1 Cross look dur 0.6 0.21
2  23 9.1 Not look time 6 3.83
3  5 2 Cross spd 1 0.35
4 1 0.4  safetyMargin 2.5 0.83

Run freq 0 173 68.1
1 66 26
2  15 5.5

Backward 0 225 88.6
1  25 9.8
2 4 1.6

Vehi type Bus 86 33.9
Car 168 66.1

Before distractor No 148 58.3
Carry 38 15
Eat/drink/smoke 15 5.9
Phone 13 5.1
Groom 12 4.7
Talk 17 6.7

Cross distractor No 129 50.8
Carry 37 14.6
Eat/drink/smoke 17 6.7
Phone 12 4.7
Groom 31 12.2
Talk 9 3.5

eir distributions (for pedestrians waited).

3
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Fig. 3. Wait time in crossing and th

.2.3. Change of distractors before and during crossing
Overall, 41.7% of the pedestrians had distractors (including using

 cellular phone, talking with others, carrying luggage, and groom-
ng) present before crossing. This ratio changed slightly to 49.2%
uring crossing. The detailed changes are shown in Fig. 4. Num-
ers in the bar represent number of pedestrians with corresponding
istractors.

Surprisingly, pedestrians significantly increased the chance of
rooming behavior after they started crossing (�2 (1) = 8.4, p < .01).
evertheless, talking with other people decreased from 17 to 9 after
eginning to cross; however, this decrease did not prove significant
�2 (1) = 0.013, p = .117). Moreover, pedestrians carrying stuff (�2

1) = 2.5, p = .904), using cell phones (�2 (1) = 0.04, p = .841) and eat-
ng or smoking (�2 (1) = 0.125, p = .724) did not change a lot while
rossing.
.2.4. Running behavior
Fig. 5 shows the numbers of lanes pedestrians had crossed when

hey began to run (see Fig. 6 for illustration of the related concepts). Fig. 4. Distractors before and during crossing.
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Table 3
Multiple regression on safetyMargin (log transformed).

Variables Coefficient Std. err  ̌ t p

Vehi type 0.16 0.04 0.23 4.08 0.000
Middle age 0.14 0.04 0.22 3.72 0.000
GroupSize 0.03 0.01 0.16 2.72 0.007
Ped  spd 0.14 0.06 0.15 2.55 0.011
Run freq −0.08 0.03 −0.15 −2.59 0.010
Before look freq 0.02 0.01 0.14 2.28 0.024
Backward 0.12 0.05 0.14 2.42 0.016
Fig. 5. Begin running place of the pedestrians.

edestrians had a higher chance to run at borderlines between lanes
ather than within the lane (�2 (1) = 17.3, p < .001).

More pedestrians ran in the far side than the near side (42 vs. 55),
ut this also failed to be significant (�2 (1) = 1.7, p = .187). However,
heir beginning running position was located more commonly in
he median-far places (see Fig. 6, “more running”). More specifically,
hen crossing the first two lanes (from Lane 0.0 to 2.0 of both near

nd far sides), more pedestrians ran in the far side (�2 (1) = 6.9,
 < .01). When they were crossing the last lane of both near and far
ides however, more running pedestrians were observed at the last
ane of the near side than that of the far side (�2 (1) = 5.0, p < .05).

.2.5. Crossing time of near and far side
The differences of the near and far side do not just exist

n pedestrians running during crossing. Take the whole sam-
le for analysis, the best-fit linear regression line of time spent
n two sides is far side time = 0.04 × near side time + 11.0 (F (1,
52) = 1.20, p = .274). This slope and intercept indicates that pedes-
rians did not spend the same amount of time at the two different
ides. A T-test (two-tailed) shows that far side time was  much
ower than near side time (t (253) = 5.01, p < .001).

.2.6. Looking behavior
Due to field setting, the looking behavior was measured by

ead movement, which was signified by noticeable movements
f the chin (Bungum et al., 2005). Fig. 7 displays distribution of
efore look dur and cross look dur for those who looked. The for-
er  fits well with the exponential distribution (� = 0.16, � = 0.4,

2 (6) = 2.45, p = .87) while the latter follows more closely with
he Dagum distribution3 (k = 0.18,  ̨ = 14.46,  ̌ = 0.88, � = −0.04; �2

7) = 5.53, p = .59). The distributions suggest that pedestrians prefer
ngaging in the checking process during crossing rather than right
efore crossing. They checked to see the vehicles simply for a short
ime right before crossing. During crossing, however, they spent a

onsiderable amount of time looking left and right, which nearly
ccupied 70% of their crossing time.

3 Distribution Probability density function of Dagum distribution: f (x) =
xp

(
−1⁄2

(
(ln (x − �) − �) /�

)2
)

/
(

�
√

2� (x − �)
)

.

Groom 0.12 0.06 0.12 2.09 0.038
Constant 0.5 0.07 6.93 0.000

3.3. Safety margin analysis

The safety margin is the difference between the time a pedes-
trian takes to cross the traffic and the time the next vehicle arrives at
the crossing point (Chu and Baltes, 2001). Compared with crash data
that only represented pedestrians’ safety in accidents that already
happened, the safety margin can be obtained whenever a pedes-
trian crosses the road, with smaller safety margin for pedestrians
under potentially more dangerous situations. In other words, the
safety margin can represent a pedestrian’s relative safety in a pre-
dictive way  that deserves its measurement and discussion in this
study.

Log normal distribution4 (� = 0.30, � = 0.96, � = −0.23) was found
to fit the collected data (�2 (7) = 4.12, p = .76). To avoid narrow
misses, which may result in due to unexpected events (e.g. fall
down), the margin of safety was required to be more than 1.5 s
(Simpson et al., 2003). Given an average crossing speed of 1.0 m/s
(see Table 2), this interval provides 1.5 m of safety distance without
braking on the drivers’ side. In our observation, most pedestrians
had greater safety margins but 7.9% of them failed to meet this
basic safety requirement. To standardize margin of safety, it was
transformed by a natural log function. Then, a multiple regression
was conducted to screen the possibility of important predictors
of safety. The candidate predictors come from all the variables
in Table 2 except for safety margin. The results are presented in
Table 3.

The variables in Table 3 are variables emerging as significant
predictors. They have significant linear relationships with the mar-
gin of safety (F (8, 245) = 8.09, p < .001) and can explain 21% of
the total variance (adjusted R2 = .18). For all significant factors, no
severe multicollinearity exists (minimum tolerance = .90).

Among these variables, vehicle type (vehi type, highest std.
coefficient) is the most important predictor. Pedestrians had lower
safety margins when the oncoming vehicle was a car than a large
bus. The higher frequency pedestrians looked left and right before
the crossing, the safer they were. Similar outcomes were also true
for those who went backwards. If pedestrians were not middle-
aged, walked slowly and involved in smaller groups, they were in
more danger. Further similarities exist for those who decided to set-
tle their hair or clothes during crossing. Among all of the variables
in Table 3, only running frequency (run freq) had a negative effect
(std. coefficient =−.150, p = .01), suggesting less safety for running
pedestrians.

3.4. Enhancement of major findings: the second unmarked
crossing site
As shown in previous parts, the major findings of this study
are the patterns of pedestrian crossing behaviors. To ensure

4 Probability density function of log-normal distribution: f (x) = exp(−1/2
(ln(x − �)−�)/�2)/(x − �)�

√
2�.
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Fig. 6. Illustration of th

he generalization of the main findings, Wenyi Road in Fig. 1b
as also chosen as a complementary site (105 pedestrians).

he differences between the Wenyi Road and the North bus
tation are mainly: (1) the original site (Fig. 1a) had no crossing
onstraints near the median line (i.e. there were no physical
bjects on the median line constraining their paths), in contrast
o Wenyi Road, which had constraints (e.g. trees, bushes etc.)
n the median of the road. (2) The median of the original site is
ot raised and the median line is narrow (width was less than
.3 m),  vs. the Wenyi Road, which has a raised median wider
han 2 m.  These physical differences of the two  sites may  lead
o slight differences in the findings of pedestrian behavioral
atterns.

.4.1. Crossing styles
After considering the additional site, it was found that if there

re existing crossing constraints (e.g. trees, bushes, or fences),
edestrians had to adjust their crossing route. This path went
hrough or bypassed these constraints, so the crossing styles cannot
e compared.

.4.2. Waiting behavior at roadside, in roadway and at median
Waiting time at the roadside followed exponential distributions

�2 (2) = 1.92, p = .383, � = 0.11) and the waiting time in the road-
ay followed this same distribution (p = .48, � = 0.16). However,

ince the site had a raised median and the pedestrians usually stop
nd wait at different positions, their waiting time at the median

as coded as the total time spent on the median. It did not follow

n exponential distribution (�2 (5) = 17.3, p = .004). In general, the
aiting time data was similar to that of the original site, except for

he median wait time.

Fig. 7. Duration of looking behavio
way related concepts.

3.4.3. Change of distractors before and during crossing
Distractors were analyzed but were not emphasized much

because of the small sample size of pedestrians having specific dis-
tractors. The only difference between these distractors, before and
during crossing, was the increase of grooming behavior (referred
to as combing their hairs or sprucing). In the additional site, the
data showed similar tendencies with the previous site (Pedestri-
ans with other distractors almost did not change while grooming
pedestrians increased from zero to six after they started crossing).

3.4.4. Running behavior
At the additional site, 31 starting running positions were

observed. Thirteen of them were within the lanes and the rest of the
18 were at the borderline. These results still showed a preference
over borderline.

3.4.5. Crossing time of near and far side
Crossing time in the far side was  far less than the near

side. The linear regression equation was  far side time = 0.032 ×
near side time + 9.35, F(1,103) = 0.47, p = .495. This was  quite differ-
ent from far side time = near side time. A two tailed t-test showed
that far side time was  much shorter than near side time (t
(104) = 2.10, p = .039). This was consistent with our finding at the
original site.

3.4.6. Looking behavior before and during crossing
At the original site, the durations of looking behavior

(before look dur) followed an exponential distribution, while the
proportion of looking during crossing (cross look dur) followed

a Dagum distribution. At the additional site, the results were
consistent with those of the original site. “Before look dur” fol-
lowed an exponential distribution (�2 (3) = 1.35, p = .716; � = 0.11).
“Cross look dur” followed a Dagum distribution (�2 (6) = 2.74,

r before and during crossing.
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Table  4
Consistency between two  sites’ major findings.

Behavior patterns Consistency

Crossing styles Not consistent due to crossing constraint
Waiting time at median Not consistent due to raised median
Waiting time at roadside Yes
Waiting time in roadway Yes
Distractor change Yes
Running behavior Yes
Near and far side crossing time Yes
Looking duration before crossing Yes
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Looking behavior during crossing Yes
Safety margin Yes

 = .841; k = 0.21,  ̨ = 6.8,  ̌ = 0.60). This meant that the findings
egarding looking behavior were consistent.

.4.7. Distribution of safety margin
Safety margin followed a log normal distribution in the orig-

nal site. The additional site’s safety margin was also fitted with
asyFit 3.5. The results showed that it also followed a log normal
istribution (�2 (6) = 2.10, p = .531; � = 0.35, � = 1.2).

To sum up, the findings at the additional site proved to be
onsistent with the previous site when considering most aspects.
he above Table 4 presents this comparison. This table shows that
xcept for some findings closely relating with road layout, the rest
ould be generalized.

. Discussion

This paper investigated pedestrians crossing behavior and safety
t unmarked roadways with detailed analysis of several important
ehavioral patterns (e.g. running and looking patterns). The follow-

ng sections first highlight some new findings about these behaviors
nd safety factors. Then limitations and possible applications of
hese findings to simulation modeling and educating pedestrians
nd drivers will be discussed.

.1. New findings in this study

Unmarked roadway in China context yields new findings com-
ared with current research or common sense. The following part
ighlights some of them.

.1.1. Prefer active crossing rather than passively waiting for
hance

Pedestrians at unmarked roadways have to depend upon them-
elves to choose whether to go or not. Therefore, instead of waiting
assively, they try to cross actively by utilizing every possible
hance. This leads to relatively aggressive crossing behaviors. For
ne thing, compared with pedestrians at the crosswalks, they pre-
erred to check for vehicles during crossing rather than look before
oing. At crosswalks, pedestrians looked left and right to check the
ituation. If it were safe to go, they would cross without worrying
oo much about threatening vehicles. Hassan et al. (2005) found
hat pedestrians at signalized crosswalks spent 49% of the time
ooking left and right when they were waiting at the curb. How-
ver, they only spent less than 13% of the time doing that during
rossing. This is contrary to the results obtained at the unmarked
oadway, where no facility can distribute the shared space. Many
edestrians (65.7%) did not look at vehicles before crossing. Instead,
hey all looked at the traffic for a duration that nearly occupied 70%

f their entire crossing time (see Fig. 7). For another, pedestrians
ave a similar short waiting time whether at the curb, at the median
r in roadway. For those who waited, their waiting time followed an
xponential distribution (see Fig. 3). This suggests that most pedes-
 Prevention 43 (2011) 1927– 1936

trians have relatively short waiting times (around 3 s) and only very
few pedestrians have long waiting times (around 25 s). The behav-
ior of looking while walking and the short waiting time that usually
came with the act was  aggressive. Pedestrians behaved in this way
to gain access to the road forcefully. This could help to reduce their
delay, but would also put themselves at risk.

4.1.2. Interaction with vehicles by running, stepping backwards
or stopping

Unmarked roadways lead to more obvious interactions between
vehicles and pedestrians than other crossing facilities. This part
focuses on interactive behaviors on the pedestrians’ side.

Due to complex situations at the unmarked roadway, pedes-
trians are not sure whether they could cross successfully or not.
Therefore, they tentatively step slightly and monitor the area, pay-
ing attention to any unexpected changes in vehicles. If it is possible
to cross, then they will go quickly or run towards the destination,
otherwise they will stop in place or step back.

Running is a common behavior at crosswalks (Yang et al., 2006;
Rosenbloom et al., 2008). However, running at unmarked roadways
is different from doing it at crosswalks. At crosswalks, pedestrians
run to follow others or use the limited green-light time left to reach
the other side, regardless of the lanes in the street. At the unmarked
roadway, pedestrians usually start and end their running at the bor-
derline of lanes, aiming to cross the nearest lane before the arrival
of vehicles. Since every place except the borderlines is risky on the
road, this preference may  imply that pedestrians view each lane as
an independent crossing task (suppose there are oncoming vehi-
cles in every lane). It is possible that after finishing each lane, they
evaluate whether their present crossing method needs adjustment
or not. If not, they go on without changing their behavior. However,
if they detect a problem or danger they try and cross in a new way
(e.g. changing from walking to running).

Stepping backwards is a behavior rarely reported at other cross-
ing facilities. In most crosswalks, pedestrians just need to wait for
the green light and then walk at ease. Although we  only observed
11.4% of the pedestrians stepping backwards, this behavior at
unmarked roadways reflects pedestrians’ nervousness and diffi-
dence.

4.1.3. Prefer safe than short crossing style
Intuitively thinking, crossing in the shortest path may result in

less exposure to the dangers of the road and traffic. Perhaps this is
why there is a tip for pedestrians on many accident prevention web-
sites (e.g. www.china122.com/changshi/2010012491.html). This
advice reads, “Try to cross straight” or “avoid crooked path.” In
some simulation tools (e.g. PEDFLOW), the direction change of
pedestrians is determined by the shortest distance principle (Kukla
et al., 2001). Although in some modeling works, pedestrians do take
curved paths (Sakuma et al., 2005), the motive is to avoid static
obstacles on the assumed shortest path when pedestrians start to
walk. However, in the context of unmarked roadway crossing, even
with no constraints like green belts or there being no vehicles along
the shortest path, pedestrians do not take that shortest path. Vehi-
cles are not static obstacles. They approach the intersection with a
certain speed and at a definite distance, and in a very short time,
they can arrive and block the area around shortest path. Accord-
ingly, crossing using the shortest style seems to be a shortsighted
choice in this situation. Pedestrians do not adopt it as they can make
predictions of vehicle positions based on their estimated speed and
distance to avoid potential dangers. In contrast to this style, walking
along the borderline of lanes to find better gaps is a more appro-

priate strategy to cross fairly safe and quickly. It makes one safer in
two ways. First, although pedestrians have to traverse a longer dis-
tance, the borderline does not constitute to a hazardous exposure
relative to the traffic distance. Second, pedestrians who  go along

http://www.china122.com/changshi/2010012491.html
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he lane borders for a big gap may  converge into a bigger group,
aking it more possible to cut through vehicle flow (Wu et al.,

004).

.1.4. Lognormal distributed safety margin and its predictors
The safety margin (safetyMarigin in Table 2) follows log nor-

al  distribution (� = 0.30, � = 0.96, � = −0.23), which suggests that
ore pedestrians distributed along the side with smaller safety
argins. Although the coding process did not include pedestrians
ith safety margins greater than 6 s, it is still worth noting that

.9% of the sample had a safety margin less than 1.5 s. Accidents
ill happen if anything wrong occurs on either the pedestrian’s

ide (e.g. fall down) or the driver’s (unexpected acceleration) side.
his implies a potentially large chance of traffic accidents at the
nmarked roadway.

The regression showed that pedestrians who are middle aged,
ooks at vehicles more frequently before crossing, interacts with
uses rather than cars, or is included in bigger groups, tend to
ave a larger safety margin. However, running pedestrians usu-
lly had smaller safety margins. Middle-aged pedestrians usually
ave good perceptive skills and a high walking speed, but they are
ore conservative than their younger counter parts, thus likely to

mprove their safety. While it is obvious that pedestrians in groups
re safer because they are more detectable, and running pedes-
rians are more dangerous because they gave a limited time for
he driver to react, it is strange that pedestrians who step back-
ards had larger margins of safety. A possible explanation is that
edestrians were actually stepping out to test the situation and
ake a trial. They would take a brief moment to assess if they

ould cross safely or not, and if their evaluation convinces a dar-
ng reaction, then they will cross. Otherwise, they would pull back
he foot and wait where they stand. Schmidt & Farber (2009) found
t a 10% chance that people relied on leg movements to recog-
ize pedestrians crossing intentions. Therefore, this behavior may
ive cues about the nature of behaving with the intent to cross
o make drivers more prepared, which potentially leads to more
afety.

.2. Other findings

Except for the new findings above, similar results were found
ith previous studies. First, pedestrians cross the road halfway
ifferently. They tended to cross more quickly on the far side. More-
ver, the pedestrians also ran more when crossing the first two
anes of the far side compared with crossing the closer side. At
ignalized crosswalks, Yagil (2000) found that pedestrians were
mpatient to end their waiting at the second half and Tiwari
t al. (2007) found that pedestrians tended to have more unsafe
rossings on the far side. This all suggests that pedestrians wish
o finish the crossing quickly at the far side. It is possible that
edestrians expect less danger at the end side, as the distance
o cover is smaller. Secondly, it is found that common distrac-
ors of pedestrians include cell phones, eating, smoking, drinking,
arrying something and talking with others. Some of these behav-
ors mentioned above has already been recorded by Bungum et al.
2005) in regards to signalized crosswalks. Due to the small sample
n each category of distractors, the generalization of further find-
ngs is not proper. However, one point about grooming should be
xplained; the chance of this behavior happening became more
requent after the pedestrians started to cross the road. It would
e somewhat strange to consider this a distractor as we  assumed

t first. Rechecking of the video discovered that pedestrians who
ngaged in this grooming behavior were mainly females. They
eemed to groom their long hair just to get a better sight of the
raffic.
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4.3. Applications and generalization of the findings

The findings have several applications in improving pedestrian
safety. First, it provides important information for further pedes-
trian modeling projects, which can be implemented in virtual
reality to better train drivers and pedestrians. For example, it is
found that pedestrians changed directions for a safer path because
they had the ability to make predictions, rather than just per-
form in a dangerous and assumed way (e.g. shortest path). We  also
observed some distractors during crossing that might affect pedes-
trian (e.g. talk, use phone) judgments of situations. These dual tasks
can be modeled similarly to the modeling of driver workload (Wu
and Liu, 2007). In addition, the distributions of pedestrians’ waiting
and looking conduct can be used to model pedestrian behavior and
set parameters in simulations.

Second, it can provide guidelines for the education of drivers and
pedestrians as well as for urban design. For drivers, they may  need
specific training regarding the response to pedestrians at unmarked
roadway locations. Findings in the current study can be used in the
education and training of drivers so that they can know and expect
the behavioral patterns of pedestrians at the unmarked roadway.
For example, as pedestrians usually begin to run at the border-
line between lanes, drivers should make conservative predictions
of a pedestrian speed at those points in case of sudden running.
Similarly, pedestrians like to walk faster on the far side, so drivers
should be more careful (e.g. slow down) with respects to that case.
For pedestrians, this study does not encourage them to cross ille-
gally at any unmarked roadway. However, if they find themselves
already crossing, they should take care and look for approaching
vehicles more often at the curb, rather than performing this impor-
tant task in the roadway. In our observation, 65.7% did not behave
like this. They preferred to look while crossing, which was much
riskier. Moreover, running is very dangerous, so they should walk
quickly rather than run across the road. If they can send some sig-
nals to the drivers about their intent to cross (e.g. step out one foot),
their safety can also be improved. Third, more attention should be
paid to teenagers and elderly pedestrians. They are found to be less
safe than middle-aged pedestrians. Therefore, it is recommended
to implement special materials (e.g. reflect light well), perhaps to
the canes of elderly pedestrians and the bags of teenagers in order
to make them easier to detect by drivers.

These applications can possibly be generalized to other devel-
oping countries sharing many characteristics with China. Many
developing countries have a large population and low car own-
ership (e.g. India) similar to China’s current state. Since the road
facilities are not well built (Tiwari et al., 2007) and the traffic regu-
lations are not well obeyed (Ibrahim et al., 2005), many pedestrians
cross roads at unmarked roadways. This situation, coupled with
the shared use mechanism of the roadway (Tiwari et al., 2007) and
the low yielding rate from drivers (Ibrahim et al., 2005), leads to
high accident rates at unmarked roadways. These common char-
acteristics make it possible to apply our findings to other similar
contexts.

4.4. Limitations and future studies

Although this study provides detailed analysis of pedestrian
behaviors at unmarked roadways, it has several limitations that
need further investigation. First, some pedestrians in the observa-
tional study were ignored due to visibility problems and complex
situations (e.g. vehicles blocked the pedestrians and it is very hard
to code them, very complex interaction among road users, pedes-

trians pushing bikes). These missed cases may  have affected the
proportion of certain categories of pedestrians. For coded pedestri-
ans, only some explicit and visible factors on demography, context
and behavior were considered. However, the internal and invisible
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sychological aspects may  influence pedestrians’ safety a substan-
ial amount. For instance, pedestrians with better judgment are
ikely to be safer. Moreover, since it is illegal to cross at unmarked
oadways, different levels of law obedience may  result in differ-
nt behaviors. Neglecting influential factors can lead to low R2 in
he regression model. Second, some of pedestrians’ attributes were
ot measured accurately. When crossing, they changed speeds very

requently and sporadically, but we can only measure the aver-
ge speed based on the distance and time. Additionally, since it is
xtremely hard to measure the eye movements of pedestrians in
hese natural settings, we  assumed that when pedestrians made
ead movements to the left and right, they were checking the
ehicles. However, it is possible that they were actually looking
t something completely unrelated. Also, because of the limited
cope of the camera, we are unsure about how long they looked at
ehicles before finally arriving at the curb. Finally, this is mainly

 descriptive study on pedestrians crossing behaviors. Modeling
nd simulation of crossing processes based on these behaviors will
e for future work and experiments to understand. Hopefully, later
enerations will discover new variables and measurement methods
o accurately predict pedestrian behavior at unmarked roadways.

. Conclusion

Pedestrians’ crossing behaviors at unmarked roadways in China
ere addressed by field observation. The results showed that 65.7%

f the pedestrians did not look at vehicles after arriving at the curb.
hose who inspected for vehicles had a duration of looking that
ollowed an exponential distribution. Pedestrians preferred cross-
ng actively in tentative ways rather than waiting passively. The

aiting time at the curb, at the median, and in the roadway all
ollowed exponential distributions. During crossing, all pedestri-
ns looked at the vehicles. When interacting with these vehicles,
1.9% of them ran and 11.4% stepped backwards. Running pedestri-
ns usually began to run at the borderline rather than within lanes.
edestrians preferred safe to short paths and they crossed the sec-
nd half of the road with significantly higher speed. In terms of
afety, pedestrians who were middle aged and a part of a bigger
roup were usually safer. Lastly, pedestrians who looked at vehi-
les more often before crossing or interacting with vehicles were
afer while those who decided to run put themselves in peril. This
iscovery holds truer with buses more so than cars. These find-

ngs have potential applications in building pedestrian models and
ducating both drivers and pedestrians alike.
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