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ABSTRACT 

This paper analyzes pedestrian injury severity from automobile crashes at signalized intersections in a medium-size city. 
It estimates an ordered logit model of injury severity and finds that vehicle type, gender, land-use, speed limit, traffic 
volume, the presence of sidewalks and visual-obstruction significantly explain pedestrian injury severity in vehicle- 
pedestrian crashes at signalized intersections. Females also are found to be disproportionately involved in these crashes, 
while sidewalks increase the probability of a pedestrian sustaining a serious injury, passenger cars, sport utility vehicles 
and pickups are associated with less severe pedestrian injuries. 
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1. Introduction 

Although the invention of the automobile is considered 
as a boon to mankind, it has the unwanted effects of caus- 
ing injuries, fatalities and property damage in crashes as 
well as environmental pollution. Despite these adverse 
effects, increasing personal wealth and economic activi- 
ties and their resultant increases in travel demand make 
automobiles indispensable and bring into focus the need 
to understand and control automobile crashes. Reference 
[1] writes about these adverse effects and notes that each 
year over 1.2 million people die in automobile crashes 
world-wide, that 20 - 50 million people suffer non-fatal 
injuries, and that pedestrians, cyclists and users of mo- 
torized two-wheeled modes represent almost half of 
those who die in automobile crashes. It is also reported 
that most of these deaths are in low- and middle-income 
countries. For the US [2] estimates that in 2010 ap- 
proximately 4280 pedestrians were killed in automobile 
related crashes and 70,000 injured. In addition, the Fed- 
eral Highway Administration reports that intersection or 
intersection related fatalities comprised 20.8% of total 
automobile crash fatalities in 20091. And in North Caro- 
lina, the Highway Safety Research Center reports that 
approximately 2200 vehicle-pedestrian crashes occur 

yearly resulting in 150 - 200 deaths and 500 serious inju- 
ries2. 

Although these statistics show low fatalities rates, pe- 
destrians face disproportionately higher injury risks than 
motorists because they account for a small share of total 
trips [3,4]. Because of this, pedestrian safety continues to 
be important in transportation safety researches. While 
some of these researches identify demographic and eco- 
nomic factors [3,5], behavioral factors [6,7] and built 
environment and roadway characteristics [8-11] as ex- 
plaining automobile-pedestrian conflicts, particularly at 
signalized intersections, others focus on intersection de- 
signs and evaluate the effectiveness of engineering coun- 
termeasures in increasing pedestrian safety [12,13]. De- 
spite these efforts, injuries and deaths from automobile 
crashes continue to be high [14], and many factors that 
cause automobile crashes still remain less understood. In 
addition, the effectiveness of some engineering counter- 
measures remains unsettled in the transportation safety 
literature. For example, [15] noted that a universal ap- 
proach to selecting the change interval for an all-red 
phase of a traffic light, or whether or not to use all-red 
phase in a traffic light at all is nonexistent. Similarly, [16] 
noted the lack of consensus in US regarding the effec- 
tiveness of marked cross-walks at locations without traf- 
fic signals or stop signs. This has led [17] to suggest that 
because it is difficult to generalize the findings in traffic 
safety literature to all localities, location-specific studies 
must be conducted to understand the factors that contrib- 
ute to pedestrian injury severity. 

1Federal Highway Administration. “Intersection Safety.”  
http://safety.fhwa.dot.gov/intersection/ (Accessed 4/22/2012). 
2Highway Safety Research Center. “North Carolina Pedestrian Crash 
Statistics.” 
http://www.hsrc.unc.edu/safety_info/pedestrian/nc_crash_stats.cfm 
(Accessed 4/22/2012). 
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Following this suggestion, this paper analyzes pedes- 
trian injury severity from automobile crashes at signal- 
ized intersections in a medium-size city. The paper’s 
modest contribution to the transportation safety literature 
is in identifying some factors that increase pedestrian 
injury severity. In line with some earlier research such as 
[18,19] it finds that vehicle type, being female, institu- 
tional land-use, speed limit, presence of sidewalks and 
visual obstruction explain pedestrian injury severities in 
automobile crashes at signalized intersections. But, while 
the paper finds sizeable marginal effects of these vari- 
ables on the probabilities of pedestrians sustaining no 
injury, possible and evident injuries, it does not provide 
strong support to show that disabling and fatal pedestrian 
injuries increase with increases in these variables. Rather, 
consistent with the small number of these injuries in the 
data, it finds very small marginal effects of some of these 
variables on disabling and fatal injuries. Furthermore, it 
finds that 76.6% of those involved in crashes at signal- 
ized intersections that cause pedestrian injuries are fe- 
males, a finding which correlates with what [20] reported 
in their study.  

The rest of the paper is organized as follows. The next 
section deals with literature review, and it is followed by 
methodology, data, estimation and results in that order. 
Next in order are the marginal effects, a discussion of the 
results and conclusion. 

2. Literature 

Two streams of literature on vehicle-pedestrian crashes 
can be identified. The first deals with the factors ex- 
plaining these crashes, and the second with engineering 
countermeasures to control their occurrences. Among the 
first, [18] found more crashes in which pedestrians com- 
pared to drivers were at fault and disproportionately 
more males and elderly persons in these crashes. In addi- 
tion, such behavioral factors as alcohol abuse, violations 
of traffic rules and regulations have been found to contri- 
bute to crashes involving pedestrians. For example, [21] 
reports that 48% of the automobile crashes in US in 2009 
which resulted in pedestrian fatalities involved alcohol, 
and more pedestrians (35%) than drivers (13%) with 
blood-alcohol concentrations of 0.08 grams per deciliter 
or higher in these crashes. Additionally, [18] found al- 
cohol and drug use by pedestrians and drivers led to 
more crashes at night than at any other time of the day. 
Other behavioral factors such as traffic signal violations, 
disregard of pedestrians and reckless driving also con-
tribute to pedestrian crashes. In urban areas, for example, 
a noted reason for the high frequency of these crashes is 
that some drivers disregard traffic signals [18], drivers of 
turning vehicles do not yield to pedestrians during the 
pedestrian green phase [22], and male pedestrians tend to 

be distracted longer than females [6].  
Besides these variables, road width, the presence of 

traffic signals and control measures, traffic flow and 
speed have been associated with vehicle-pedestrian con- 
flicts. In [18] especially, frequent crashes in which pe- 
destrians were at fault were associated with the widths of 
undivided roadways and intersections with only traffic 
signs. For traffic volume the evidence is mixed with 
these same authors finding that the chance of a vehicle- 
pedestrian crash increases at intersections with higher 
traffic volumes, and [23] finding otherwise. Comple- 
menting these results, [24] found that wide roads are sig- 
nificantly less safe for pedestrians; locations with low 
speed limits are safer than expected for pedestrians; and 
locations with median speeds have higher risks of pedes- 
trian crashes. Comparatively, a more heterogeneous ve- 
hicle speed increases the risk of crashes [23], and loca- 
tions without traffic control devices or signs are posi- 
tively associated with automobile crashes [24]. Crashes 
between pedestrians on conflicting cross-walks and left- 
turning or right-turning vehicles have also been found to 
be significantly related to both vehicle and pedestrian 
traffic volumes at intersections [25]. And according to 
[24] vehicle-pedestrian crashes occur in clear weather on 
dry roads between four o’clock in the afternoon and 
seven o’clock in the evening when drivers may be tired. 
Urban sprawl [26] and vehicle type [23] are additional 
factors which have been associated with these crashes. 

While the above studies associate vehicle-pedestrian 
crashes with driver, pedestrian and traffic volumes, land- 
use and environmental characteristics, the second stream 
of research examines the effectiveness of existing traffic 
countermeasures such as crosswalk markings and pedes- 
trian scramble lights in reducing vehicle-pedestrian con- 
flicts. Reference [12] reviewed the extant literature on 
existing engineering counter-measures concluding that 
their effects in calming traffic speed to reduce vehicle- 
pedestrian crashes were uncertain. However, they found 
significant decreases in pedestrian crashes when traffic 
signals were replaced by multi-way stop signs at inter- 
sections with low-traffic volumes. According to them, 
the installation of traffic signals at intersections with high 
speed limits significantly reduced conflicts, and traffic 
signs and pavement markings were effective in reducing 
pedestrian crashes at intersections. Another study, [6], 
found that all-red signals and clearance time cycle had 
positive impacts as countermeasures in reducing crashes 
involving pedestrians. Added to this are the results of [27] 
which showed that pedestrian scramble signals that give 
pedestrians exclusive clearance time at intersections sig- 
nificantly decreased the rate of vehicle-pedestrian con- 
flicts. Although [24] found marked crosswalks to be safer 
at non-signalized locations than at signalized locations, 
in [12] crosswalk markings were largely ineffectual and 
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sometimes harmful. However, in a later study on multi- 
lane roads with marked and unmarked crosswalks, lower 
rates of pedestrian crashes were associated with the exis- 
tence of a raised median or crossing island [16]. Further, 
in comparison to multi-lane roads with no medians, mul- 
tilane roads with painted (not raised) medians and center 
two-way left-turn lanes did not appear to have potentials 
for pedestrian safety. These results reveal that the im- 
pacts of marked versus unmarked crosswalks on two-lane 
roads in terms of pedestrian safety do not vary signifi- 
cantly, suggesting that crosswalk markings alone have 
little potential for protecting older pedestrians in auto 
crashes. These reviews do not show much consistency in 
results and suggest more work to be done to understand 
the factors contributing to pedestrian injury severity in 
automobile crashes at signalized intersections. However, 
they show that an analysis of vehicle pedestrian crashes 
at signalized intersections must include vehicle, intersec- 
tion, driver, pedestrian and land-use characteristics. 

3. Methodology 

Using the variables discussed above, different methods 
are used in the traffic safety literature to study and ana- 
lyze crashes and injury severity, and these methods differ 
according to whether the focus is on an analysis of 
crashes or injury severity. For those works that analyze 
crashes using count data, negative binomial, zero-inflated 
Poisson, and Poisson regression models are often used. 
For example, [23] used negative binomial regression in 
their analyses of slight injuries and the relationship be- 
tween the factors contributing to crash occurrences and 
crash frequency respectively. Comparatively, [16,18,28] 
used Poisson regression in their work. For other works 
such as [29,30] where the focus is on the probability of 
an injury of a particular severity occurring, conditional 
and binary logit models have been used though the 
common methods exemplified in the works of [31-33] 
are ordered and multinomial probability models. Despite 
their widespread use, these two latter models have been 
critiqued extensively in the injury severity literature. Or-
dered models, for example, have been critiqued by [31- 
33] as unable to handle interior solutions, and constrain- 
ed to increase the probability of one level of injury while 
reducing the probabilities of others. Although multino- 
mial logit models appear to solve the problems in ordered 
models well, they too are critiqued on the grounds that 
their constant terms can be very large and they give pro- 
bability ratios which do not change even if another crash 
outcome is added. Further, they assume parallel slopes, 
and the signs and significance levels of their marginal 
effects and coefficients may be different. When such dif- 
ferences are found, [34] suggests using the coefficients 
for analysis because a marginal effect tests “hypothesis 
about a function of all the coefficients, not just the one of 

interest3.” Contrariwise, [35] suggests using an ordered 
model because it gives consistent signs and preserves 
inherent order in data.  

Despite these problems, a recent evaluation of multi- 
nomial logit and ordered models by [31] using vehicle 
ownership data recommended multinomial logit models 
because they had the highest adjusted likelihood ratio test. 
The parallel regression tests of these authors suggested 
some variables whose coefficients should not remain the 
same in all equations as in ordered models and others 
which should. But, where data are ordered, they argue 
that failing to account for this order as multinomial logit 
(or multinomial probit) models do may lead to loss of ef- 
ficiency, though not necessarily making the coefficients 
of the multinomial logit model biased. 

The above discussion leads to the choice of an ordered 
logit model to study crash outcomes defined by the 
KABCO scale: killed (K-injury = 4), disabling injury 
(A-injury = 3) evident injury (B-injury = 2), possible 
injury (C-injury = 1) and no injury (O-injury = 0). As- 
sume that the probability of a pedestrian sustaining a 
particular injury outcome given that a vehicle has crash- 
ed at a signalized intersection is a function of a set of va- 
riables consisting of pedestrian, driver, intersection, road 
and vehicle characteristics among others and let this set 
be represented by 1 2, , , jz z z z 

P

*
m

 where j is the num- 
ber of variables. Further, let m  be the probability of a 
pedestrian sustaining a particular injury severity m in 
such an automobile crash, y  a continuous latent vari- 
able representing injury severity, and let the latent re- 
gression for injury severity be: 

*
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In Equation (2),   is a set of threshold parameters 
which are estimated together with the coefficients. If the 
error term m  is distributed as logistic then the condi- 
tional probability of observing an injury severity out- 
come from an automobile crash at a signalized intersec- 
tion is, 

3See Greene W. “Discrete Choice Modeling.” 
http://people.stern.nyu.edu/wgreene/DiscreteChoiceSurvey.pdf 
(Accessed February 23, 2012). 
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Because the ordered logit model is nonlinear, infer- 
ences about the effect of a variable on a particular type of 
pedestrian injury severity outcome is determined by its 
marginal effect which is calculated by, 

     1 ' 'm
i i

P y m
.f z f z z

z
   

 
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where  f   is a logistic density function. For a discrete 
variable its marginal effect is the difference between the 
probabilities when that variable takes a value of one less 
the corresponding probability when the same variable 
takes a value of zero. This marginal effect can be written 
as, 

    'm jP y m f z f z       '



      (5) 

where  is a discrete change in the prob- 
ability of a particular pedestrian injury occurring when 
an automobile crash occurs at a signalized intersection, 

 mP y m 

 ' jf z   is this probability evaluated at when a bi- 
nary variable whose coefficient is j  takes a value of 
one, and  'f z  is the corresponding probability eva- 
luated when the value of this binary variable is zero. 

4. Data 

It is the purpose of this research to estimate Equation (1) 
and calculate the marginal effects of the variables per 
Equations (2) or (3) using data for signalized intersec- 
tions. The data is for Greensboro, North Carolina and 
consists of 69 crashes at signalized intersections involv- 
ing 142 individuals. These crashes occurred from Febru- 
ary 1999 to October 2005. Among the data are driver 
characteristics and condition, land use, vehicle type, en- 
vironmental conditions and road and intersection charac- 
teristics. Others include vehicle occupants, types of inju- 
ries and crash location, number of vehicles involved, 
indications of alcohol and drug use. Still, others are de- 
tailed intersection data on amber and red times, presence 
of a sidewalk or a median and pedestrian crossing signal, 
number of lanes on each road, traffic volume and posted 
speed limit. Table 1 shows descriptive statistics about 
the data.  

From this table 47.89% of the reported crashes had no 
pedestrian injury followed by 23.24%, 20.42% and  

Table 1. Descriptive statistics. 

Variable Mean Std. Dev.

Injury Type   

Fatal Injury 0.0282 0.1660 

Disabling Injury 0.0845 0.2791 

Evident Injury 0.2042 0.4046 

Possible Injury 0.2324 0.4239 

No injury 0.4789 0.5013 

Road and Intersection Characteristics 

Sidewalk 0.4648 0.5005 

Pedestrian Crossing Signal 0.3239 0.4696 

Posted Speed Limit 33.4155 5.5342 

Total Intersecting Lanes 8.3803 2.3055 

Daily Traffic Volume 
(Average Annual Daily Traffic) 

28877.2 11249.6

Environmental Condition 

Snowy and Icy Road Condition 0.1408 0.3491 

Daylight 0.7113 0.4548 

Clear Weather 0.7183 0.4514 

Rain 0.0704 0.2568 

Driver Condition   

Appeared Normal 0.1901 0.3938 

Asleep 0.0211 0.1443 

Ill Driver 0.1972 0.3993 

Impaired Driver 0.0070 0.0839 

Female 0.7606 0.4283 

Vehicle Type   

Passenger Car 0.3310 0.4722 

Sport Utility Vehicle 0.0493 0.2173 

Van 0.0141 0.1183 

Pickup 0.0211 0.1443 

Other 0.5775 0.4957 

Land Use 

Commercial Land use 0.6972 0.4611 

Residential Land Use 0.2183 0.4146 

Institutional Land Use 0.0845 0.2791 

 
8.45% which had possible, evident and disabling pedes- 
trian injuries respectively; only 2.82% of the crashes 
were fatal injuries. Also, the data show that the crashes 
occurred at intersections with 8.38 lanes on the average 
and a combined average annual daily traffic volume of 
28,877. This traffic volume gives a per lane average of 
3607 vehicles per day. About 46.48% of the intersections 
had sidewalks, 32.39% had pedestrian crossing signals 
and posted speed limits averaged 33.42 miles per hour. 

Copyright © 2013 SciRes.                                                                                OJSST 



K. OBENG, M. ROKONUZZAMAN 

Copyright © 2013 SciRes.                                                                                OJSST 

13

the model predicts the cell frequencies quite well for the 
injury severity except disabling and fatal injuries. Other 
fit statistics are: Akaike Information Criterion = 1.6995, 
McFadden R-Squared = 0.4155 and Chi-squared statistic 
   2 144.56 df 16,  p 0.0000    . In Column 2, 
many of the coefficients are statistically significant, for 
example, traffic volume, visual obstruction, the presence 
of sidewalks and speed limit. Others whose coefficients 
are statistically significant include gender, passenger car, 
a sport utility vehicle, a pickup and institutional land-use. 
Factors such as road width, red-light camera, impaired 
driver, driver asleep, vehicle occupants and snowy and 
icy road conditions have statistically insignificant coeffi-
cients in this table. 

Other information is that 71.13% of the pedestrian-re- 
lated crashes occurred in daylight and 71.83% in clear 
weather. On the other hand 7.04% occurred on rainy days 
while 14.08% occurred when there were snow and ice on 
the roads. Also, 76.06% of those involved in the crashes 
were females4, and alcohol or drug impairment accounted 
for only 0.7% of the crashes, while driver ill health ac- 
counted for 19.72%. From the statistics 19.01% of the 
drivers were identified by the recording police officers as 
appearing normal. In addition passenger cars were in- 
volved in 33.10% of the crashes compared to sport utility 
vehicles’ 4.93%, and pickups’ 2.11%. These percentages 
show that 59.86% of the vehicles were trucks, buses, 
vans and other vehicles. Lastly 69.72% of the crashes 
occurred where the predominant land use was comer- 
cial, 21.83% occurred where it was residential and the 
rest 8.45% where it was institutional5. 

Using the estimated coefficients, the last four columns 
of Table 2 show the marginal effects of the variables. 
Examining the crashes in which no pedestrian injury oc- 
curred, daily traffic volume per lane, the presence of a 
sidewalk, a unit increase in speed limit and being female 
reduce the probability of a pedestrian sustaining no in- 
jury in an intersection crash by varying amounts of 
0.1009%, 9.02%, 0.1556% and 38.83% respectively. In 
comparison, when there is visual obstruction or when a 
passenger car, a sport utility vehicle or a pickup is in-
volved in a crash at a signalized intersection, the results 
show increases in the probability of a pedestrian sustain-
ing no injury by 6.85%, 21.74%, 13.83%, 7.77% and 
7.52% respectively. Similarly, the probability of a pedes-
trian sustaining no injury increases by 7.52% when such 
a crash occurs by an institutional land use such as a 
school. Perhaps this is due to drivers exercising extra 
caution in those areas, the low posted speed limits usu-
ally there, and possible strict police enforcement of speed 
limits near schools. 

5. Estimation and Results 

Prior to estimating the model with the data just described 
pedestrian crash fatality is added to disabling (incapaci- 
tating) injury because there are only few of them. In ad- 
dition traffic volume is the combined volume on all roads 
at a signalized intersection, and the number of lanes is 
the combined lanes on all intersecting roads. The loga- 
rithms of traffic volume and number of lanes are used in 
this study. Also, initial estimation that included red and 
amber times and the presence of a solid median yielded 
many insignificant coefficients. Consequently, these vari- 
ables are excluded from the models. 

Following the methodology outlined earlier, Table 2 
shows the fit statistics and Table 3 the coefficients and 
marginal effects from the ordered logit model. Clearly,  
 

Table 2. Actual vs. predicted outcomes. 

Actual No Injury Possible Injury Evident Injury Disabling and Fatal Injuries Row Sum (Actual)

0 61 7 0 0 68 

1 2 19 10 2 33 

2 1 10 17 1 29 

3 0 5 7 0 12 

Column Sum: Predicted 64 41 34 3 142 

 Statistic     

McFadden Pseudo R2 0.4155     

Chi-Squared 144.56 (df = 16, p = 0.00)     

AIC 1.6995     

 
 

4Although this percentage is quite high, several checks of the data confirmed it is correct. These are drivers and pedestrians. 
5The data did not contain information on age. 
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Table 3. Ordered logit results. 

  Effects  
Variable 

Coefficient No Injury Evident Injury Disabling and Fatal Injuries 

Constant –16.9088*    

Visual obstruction –1.0630** 0.0685 –0.0023 0.0000 

Daily Traffic per Lane (log) 0.8760* –0.1009 0.0044 0.0001 

Number of Lanes (log) –0.2588 0.0298 –0.0013 0.0000 

Presence of Sidewalks 0.7303* –0.0902 0.0046 0.0001 

Speed Limit (miles/hour) 1.3515** –0.1556 0.0067 0.0001 

Red Light Camera Present –0.3839 0.0340 –0.0012 0.0000 

Impaired Driver 0.8620 –0.1788 0.0158 0.0006 

Driver Asleep 0.8256 –0.1656 0.0139 0.0005 

Female 5.3996* –0.3883 0.0457 0.0025 

Passenger Car –2.4109* 0.2174 –0.0150 -0.0005 

Sport Utility Vehicle –9.9096* 0.1383 –0.0067 -0.0001 

Pickup –7.3813* 0.0777 –0.0025 0.0000 

Commercial Land use –0.4108 0.0540 –0.0027 -0.0001 

Institutional Land Use –1.7083* 0.0752 –0.0024 0.0000 

Vehicle Occupants –0.3712 0.0427 –0.0018 0.0000 

Snowy and Icy Road 0.1697 –0.0215 0.0010 0.0000 

Threshold Parameter     

μ1 1.3789*    

μ2 2.5294*    

*p < 0.05, **0.05 < p < 0.10. 

 
These strong marginal effects extend to crashes in 

which a pedestrian suffers possible injury. In this case an 
increase in traffic volume per lane increases the probabil-
ity of a pedestrian suffering a possible injury outcome by 
0.0964% compared to 8.55% when there is a sidewalk at 
an intersection, and 34.01% when a female is involved in 
such a crash. In addition a unit increase in speed limit 
increases possible injury by 0.1488%. But, when a crash 
involves a passenger car, sport utility vehicle or pickup, 
the marginal effect is a reduction in possible injury by 
20.19%, 13.15% and 7.52% respectively, compared to a 
reduction of 7.27% when the crash is at a signalized in- 
tersection where the predominant land use is institutional 
and a 6.62% reduction from visual obstruction. 

In comparison, the marginal effects of the variables 
with statistically significant coefficients are small for the 
probability of a pedestrian sustaining evident injury. 
Here, a percent increase in traffic volume, the presence 
of a sidewalk, an increase in speed limit or being female 
increases the probability of a pedestrian sustaining evi- 
dent injury by 0.0044%, 0.46%, 0.0067% and 4.57% 
respectively. Contrariwise, reflecting the extra care driv- 
ers take in areas they perceive to be susceptible to vehi- 

cle-pedestrian crashes, visual obstruction is associated 
with a reduction of 0.23% in the probability of evident 
injury, whereas when a crash involves a passenger car, 
sport utility vehicle, or pickup, the probability of evident 
injury reduces by 1.5%, 0.67% and 0.25% respectively. 
Also, there is a reduction of 0.24% in the probability of 
evident injury when such a crash is at where the pre- 
dominant land use is institutional.  

For the more serious injuries, that is disabling and fatal 
injuries, Table 2 shows extremely small marginal effects 
of the variables on the probability of a pedestrian suffer- 
ing them in these crashes. But, it does not provide evi- 
dence that these injuries increase if the cause of a crash is 
visual obstruction, if a pickup is involved in a crash or if 
a crash occurs where the predominant land use is institu- 
tional. However, it shows negligible increases of 0.01%, 
0.0001% and 0.01% in the probabilities of disabling and 
fatal injuries respectively from unit increases in traffic 
volume and speed limit, and when a sidewalk is present. 
The largest increase in this probability of 0.25% comes 
from being female compared to reductions of 0.05% and 
0.01% respectively from a passenger car or a sport utility 
vehicle being involved in a similar crash. 
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6. Discussion 

From Table 2, there is no variable whose marginal effect 
is negative or consistently positive across all pedestrian 
injury outcomes, and the marginal effects are stronger in 
the no injury and possible injury outcomes than they are 
in the other injury outcomes. In line with what [18] found, 
Table 2 shows that gender, intersection and traffic char- 
acteristics and vehicle type strongly affect pedestrian 
injury outcomes, and less severe pedestrian injuries occur 
if a crash is at a traffic light located where the land use is 
institutional. Particularly, there is a reduction in pedes- 
trian evident injury and no effect on disabling and fatal 
injuries in crashes at signalized intersections near or at 
where the predominant land use is institutional. The cor- 
ollary of this finding is that more severe pedestrian inju- 
ries occur in vehicle-pedestrian crashes at intersections 
where the land use is not institutional but may be com- 
mercial or residential. If so, then this finding is supported 
indirectly by [19] whose results show that the presence of 
a commercial land use increases fatal and possible inju- 
ries by 14% because of increased vehicle-pedestrian con- 
flicts and traffic flow, as well as by [36]. However, it 
contradicts the results in [3] that showed negative effects 
of residential and commercial land uses on vehicle-pe- 
destrian crashes and explained them as motorists being 
conscious and attentive when driving through those areas 
because they expect pedestrians. This finding could be 
attributed to lower speed limits and increased police en- 
forcement of speed limits, as well as to generally cau- 
tious driver behaviors near institutional land uses parti- 
cularly schools. 

Of significance too is that 76.06% of those involved in 
the vehicle-pedestrian crashes studied are female drivers 
and pedestrians. This correlates very much with [20]’s 
result that more females than males are involved in vehi- 
cle-pedestrian crashes at signalized intersections. While 
there are many explanations for this finding in the traffic 
safety literature, possibly it is that females walk more 
than men do [37] and this increases their exposures to ve- 
hicle-pedestrian conflicts. Additionally, serious injuries 
categorized as evident, disabling and fatal are observed 
when these crashes involve females. Thus, not only are 
disproportionately more females than males involved in 
these crashes but the injuries they sustain are most severe. 
And, per the results, these injuries occur where signal- 
ized intersections have sidewalks suggesting as in [38] 
that while sidewalks are important, they increase pedes- 
trian traffic volume and concentrate pedestrians at sig- 
nalized intersections thereby increasing their probabili- 
ties of sustaining injuries in vehicle-pedestrian conflicts. 
To reduce such conflicts could involve ways of channel- 
ing pedestrians to physically separate them from road 
traffic at or near signalized intersections.  

This channelization may be combined with speed con- 
trol strategies since as found, an increase in posted speed 
limit increases severe pedestrian injuries in crashes at 
signalized intersections. The benefits of such strategies 
are exemplified in the work by [39] which found 20% 
reduction in pedestrian casualties and 25% decrease in 
pedestrian fatalities when speed was reduced from 60 to 
50 kilometers per hour. Similarly, [18,24,40] found a 
higher speed/speed limit is related to higher pedestrian 
injury severity, suggesting that lowering posted speed 
limits could reduce pedestrian injury severities. Alterna- 
tively, the possibility of disallowing pedestrian crossings 
at some wide signalized intersections especially where 
speed limits are high should be considered as a counter- 
measure. This, in fact, has been suggested by [40] for 
roads with high speeds and a substantial mix of vehicles, 
and where the proportion of heavy trucks is high. 

In terms of the types of vehicles involved in the 
crashes, Table 2 shows that pedestrian injury severity 
level reduces when a passenger car or a sport utility ve- 
hicle is involved in a crash at a signalized intersection. 
On the other hand the results show that pickups have no 
effect on disabling and fatal injury outcome. Though the 
effect of sport utility vehicles is inconsistent with what 
[19] reports, the finding that trucks, vans and buses cause 
more severe pedestrian injuries in crashes than other ve- 
hicles confirms many earlier researches in the traffic 
safety literature. For example, [18] reports similar results 
in their Florida study and explain them as due to these 
vehicles hitting a large area of the human body in crashes. 
Reference [41] adds that light trucks, vans and sport util-
ity vehicles result in higher injury severity risks, while to 
[19] these trucks increase fatal injuries because of their 
larger masses, longer stopping distances and greater 
momentum. Although [42] found similarly, they add that 
the front-end designs of these vehicles contribute to pe- 
destrian injuries in crashes as well. 

7. Conclusion 

This paper analyzes pedestrian injury severity outcomes 
in automobile crashes that occur at signalized intersec- 
tions to identify its statistically significant correlates. It 
uses data and a small sample from a medium-size city, 
estimates an ordered logit model of injury severity out- 
comes and finds that vehicle type, gender, land-use and 
some road and intersection characteristics such as speed 
limit, traffic volume and the presence of sidewalks, as 
well as visual obstruction significantly explain pedestrian 
injury outcomes. In particular, female drivers and pedes- 
trians are found to be disproportionately involved in 
crashes at intersections that involve pedestrians. And, the 
presence of a sidewalk at an intersection is found to in- 
crease the probability of a pedestrian sustaining a dis-  
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abling or fatal injury in an automobile crash as passenger 
cars, sport utility vehicles and pickups which are found 
to be associated with less severe pedestrian injuries in 
these crashes. Comparing these results to those from pre- 
vious research, some consistencies and deviations are 
observed. For example, the finding that more females 
than males are involved in these crashes is inconsistent 
with what [24] found whereas the finding that road, in- 
tersection and traffic characteristics as well as land use 
affect these crashes is consistent with the results in [24] 
among others. Additionally, the finding that passenger 
cars, sport utility vehicles and vans cause less injury in 
these crashes is consistent with what previous research 
found. Where inconsistencies prevail, they show that 
these effects are contextual and that likely differences in 
results would obtain if city compared to state or national 
data are used. This means that caution must be exercised 
in extending the results from national or state data to 
local levels and vice versa. 
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