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a  b  s  t r  a  c  t

The  objective  of this  study  is  to  develop  a safety  propensity  index  (SPI)  for both  signalized  and  unsignalized
intersections.  Through  the use of  a structural  equation  modelling  (SEM)  approach  safety  is  quantified  in
terms of  multiple  endogenous  variables  and  related  to  various  dimensions  of exogenous  variables.  The
singular  valued  SPI  allows  for identification  of  relationships  between  variables  and  lends  itself  well  to
a  comparative  analysis  between  models.  The  data  provided  by the  Highway  Safety  Information  System
(HSIS)  for  the  California  transportation  network  was utilized  for analysis.  In  total  22,422  collisions  at
unsignalized  intersections  and  20,215  collisions  at signalized  intersections  (occurring  between  2006
and  2010)  were  considered  in the  final  models.  The  main  benefits  of  the approach  and  the  subsequent
development  of  an  SPI  are  (1)  the identification  of  pertinent  variables  that  effect  safety  at  both  intersection
types,  (2)  the  identification  of  similarities  and  differences  at  both  types  of  intersections  through  model
comparison,  and  (3)  the quantification  of  safety  in  the  form  of an  index  such  that  a  ranking  system  can  be
developed.  If further  developed,  the  adopted  methodology  may  assist  in  safety  related  decision  making
and policy  analysis.

© 2014  Elsevier  Ltd. All  rights  reserved.

1. Introduction

Creating a safer, more efficient transportation network is a
main goal of transportation researchers across the world leading to
countless studies that analyze different safety aspects as they per-
tain to transportation. In these studies the quantification of safety
(a difficult and ambitious undertaking) is approached in a variety of
manners and has a vast array of applications. One such application is
the analysis of safety at roadway intersections. Intersection related
collisions are of particular concern to transportation researchers
as they accounted for 47% of all vehicles involved in collisions and
28% of those involved in fatal collisions on United States roadways
in 2010 (NHTSA, 2012). Signalized intersections accounted for 25%
of total vehicles in collisions and 8% of vehicles involved in fatal col-
lisions while unsignalized intersections accounted for 22% of total
vehicles involved and 20% of vehicles involved in fatal collisions
(NHTSA, 2012).
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Research in this study is aimed at quantifying and analyzing
safety at both signalized and unsignalized intersections by explor-
ing a comprehensive modelling framework that quantifies safety
in terms of multiple endogenous variables and considers the com-
bined effects of various exogenous variables on safety as well as
on one another. One such framework that allows for the inclusion
of these parameters is that of structural equation modelling (SEM).
The main benefit of this approach is the quantification of safety
in terms of a safety propensity index (SPI). The SPI is a singular
value that relates all exogenous variables to all endogenous vari-
ables and allows for the development of a ranking system in order
to understand and evaluate safety at intersections. Additionally, the
estimation of structural models for both signalized and unsignal-
ized conditions creates a powerful comparative framework from
which additional analysis can be conducted. This methodology has
been utilized by Hamdar et al. (2008) to examine aggressiveness
at signalized intersections as well as by Hamdar and Schorr (2013)
in order to compare and contrast safety in differing flow scenar-
ios (interrupted and uninterrupted). Within the SEM framework,
research in this study will explore further applications of the mod-
elling technique – and a refined analysis approach is proposed to
better understand and compare the factors affecting safety in both
driving scenarios.
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Specific research goals to be accomplished throughout this study
are as follows: (1) to systematically identify the factors that affect
safety propensity at both signalized and un-signalized intersec-
tions in a given area; (2) to utilize existing public data repositories
(Highway Safety Information System (HSIS)) to study the safety
implications of changes in network geometry as an evolving sys-
tem (in time and space); (3) to validate the formulated structural
equation model against alternative model structures estimated
using the existing signalized and un-signalized intersection’s inci-
dent data; and (4) to analyze the validated model to compare the
results obtained given the intersection type. The findings may  help
in understanding how better transportation system performance
can be achieved and strategies can be proposed to improve traffic
safety and operations.

2. Conceptual framework and background

A great amount of effort has gone into assessing the differ-
ent factors that contribute to collisions at both signalized and
unsignalized intersections. Previous studies have utilized a number
of different modelling techniques for both analytical and pre-
dictive purposes. Throughout the literature safety is commonly
characterized through a single endogenous metric such as colli-
sion rate (Vogt and Bared, 1998; Chin and Quddus, 2003; Wang
and Abdel-Aty, 2006; Isebrands et al., 2010; Caliendo and Guida,
2012; Wu  et al., 2013) or injury/collision severity (Abdel-Aty and
Abdelwahab, 2004; Xie et al., 2009; Quddus et al., 2010; Jung et al.,
2012) and expansions to this characterization often focus around
the categorical grouping of collisions by collision type (Wang et al.,
2003; Kim et al., 2006; Bham et al., 2012). The “safety frame-
work” is further defined through the identification and selection
of exogenous variables – which are typically related to one of the
following categories: environmental conditions, geometric design,
traffic characteristics, driver demographics or vehicle characteris-
tics. Many studies examine a combination of two or three variable
types such as geometric design/traffic characteristics (Li et al.,
1994; Poch and Mannering, 1996; Karlaftis and Golias, 2001; Wang
et al., 2003; Wu et al., 2013), driver demographics/environmental
conditions (Bham et al., 2012; Jung et al., 2012), or geometric
design/traffic characteristics/environmental conditions (Kim et al.,
2006; Quddus et al., 2010). While these studies examine the com-
bined effects of these variables on safety, the modelling framework
utilized does not allow for examination of the effects individual
variables have on one another or for analysis to be conducted on
a dimensional level (geometric, environmental, etc.) as opposed to
individual variables – all of which are captured through the SEM
approach.

An additional area of interest not explored in the studies men-
tioned above is the comparison and evaluation of safety at both
signalized and unsignalized intersections. Comparison of how cer-
tain factors (such as lane width, average annual daily traffic (AADT),
median width, design speed and the level of actuation/control) have
varying effects on safety at both intersection types can provide
additional insights for future research and design.

This research separates itself from the aforementioned studies
by imploring the analytical SEM approach which lends itself to a
greater number and combination of exogenous measures. Further-
more, through the use of SEM formulation endogenous variables
are grouped into different dimensions and their complex interac-
tions are formulated. This confirmatory (as opposed to exploratory)
approach requires the modeller to postulate the links between vari-
ables based on hypotheses and previous empirical results (Golob
and Meurs, 1986; Golob, 2001). Once these links have been pos-
tulated, the SEM approach establishes causal directional relations
between variables and then the model is either accepted or rejected

based on its validity (Golob, 2001). When a model is accepted the
propensity for safety is captured though a latent scale and index
which are related to the observable variables through the SEM
formulation. The structure of the model and the SPI itself allows
for three major contributions: identification of variables that have
a significant effect on safety at both signalized and unsignalized
intersections; presenting the manner in which these variables and
their effects vary with intersection type; and assessment of the rel-
ative importance of different determinants (Hamdar and Schorr,
2013).

In contrast to explicitly simulating drivers’ behaviours (Hamdar
et al., 2008; Paleti et al., 2010), this paper will feature an empiri-
cal data-driven approach (Hamdar and Schorr, 2013) through the
HSIS data system. Although the SEM approach has been used to
examine safety under different interrupted and uninterrupted flow
conditions (Hamdar and Schorr, 2013) as well as at international
unsignalized intersections alone (Lee et al., 2008), a model that
compares different types of intersections will demonstrate the
benefits of the approach itself and provide a new perspective on
intersection safety. Comparing results with previous studies will
lead to additional insights into potential effects of certain variables
– though it is important to keep in mind that the research is fun-
damentally different and conducted in totally different geographic
locations.

The formulation of the structural model given the data avail-
ability and the corresponding limitations can be found in Section 3.
Section 4 provides the results of the factor analysis and the numer-
ical simulation as well as the model statistics. These numerical
results are discussed and the obtained models (signalized versus
unsignalized) are compared in Section 5. The concluding remarks
and the future research needs are provided in Section 6.

3. Statistical model

3.1. Available data and limitations

Data available through the HSIS for the California transportation
network was  utilized in this study. In order to build a comprehen-
sive and inclusive data set, all collisions (regardless of collision type
or severity) occurring at all intersections (regardless of the level
of control) between 2006 and 2010 were considered for analysis.
HSIS data was provided on a yearly basis in three separate data
sets; the Accident File (containing the variables for lighting, pre-
cipitation, collision severity, total injuries, total fatalities and the
number of vehicles), the Intersection File (containing the variables
for AADT, channelization, intersection legs, control/actuation level
and the number of lanes), and the Roadway File (containing the
variables for lane width, shoulder width, surface width, median
width, divided/undivided and design speed). Also contained in
the Accident File was  a variable stating where the collision had
occurred in relation to an intersection (regardless of the type or
level of control). Only collisions occurring in intersections or within
250 feet of an intersection were considered for analysis. Data sets
were merged on a year by year basis first by merging the inter-
section and roadway files through variables for route name and
milepost and then by merging this composite file with the acci-
dent file through the use of the same variables. For cases where
the collision occurred within 250 feet of the intersection, the colli-
sion was  assigned to the intersection where the absolute value of
the difference between the collision milepost and the intersection
milepost was  at a minimum. Merged data sets for each year were
then combined to yield the final set for analysis.

Once the master data set was  compiled collisions were clas-
sified as having occurred at either an unsignalized or signalized
intersection using the traffic control variable from the intersection
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