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INTRODUCTION
The Federal Highway Administration (FHWA) established the 
Development of Crash Modification Factors (DCMF) Program in 2012 
to address highway safety researchers’ need to evaluate new and 
innovative safety strategies (improvements) using reliable, quantitative 
estimates of the effectiveness of these strategies in reducing crashes. 
Forty-one State departments of transportation provided technical 
feedback on safety improvements for the DCMF Program and 
implemented new safety improvements to facilitate evaluations. These 
States are members of the Evaluations of Low-Cost Safety Improvements 
Pooled Fund Study (ELCSI–PFS), which functions under the DCMF 
Program.

This project evaluated the safety effectiveness of adaptive signal control 
technologies (ASCTs) at urban intersections. The ELCSI–PFS Technical 
Advisory Committee determined that such an evaluation was among its 
high-priority activities.

STUDY OBJECTIVE
This evaluation assessed the potential of the ASCT safety-improvement 
strategy to reduce crashes in terms of total, fatal and injury, and PDO 
crashes and two intersection-specific crash types (i.e., angle and rear 
end). The research team developed crash-modification factors (CMFs) 
and benefit–cost (B/C) ratios for the safety improvement. Practitioners 
can use these CMFs and B/C ratios for decisionmaking in the project-
development and safety-planning processes.

BACKGROUND 
ASCTs continuously monitor arterial traffic conditions and queuing at 
intersections and dynamically adjust signal-timing-plan parameters 
to optimize one or more operational objectives. These objectives 
may include minimizing overall delays, balancing queue growth, or 
preventing queue spillback, among others. ASCTs perform signal-timing 
adjustments based on measured travel conditions in a corridor (FHWA 
2017). Adaptive signal control is effective where daily variability in 
traffic demand results in unpredictable travel patterns. Adaptive signal 
controls rely on traffic sensor systems to measure changes in normal 
travel patterns and algorithms to dynamically alter traffic signal timing 
parameters (i.e., cycle, splits, and/or offsets) in response to measured or 
predicted conditions.
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The principal benefits of ASCTs compared to 
conventional fixed-time signal systems are derived from 
a better distribution of signal green time, which improves 
corridor progression by reducing delay and congestion. 
Improving traffic flow and reducing stops can also 
improve traffic safety. This evaluation presents the 
findings from a crash-based evaluation that estimated 
safety improvements resulting from deploying ASCTs.

Many traffic industry vendors have developed and 
deployed an array of ASCT products during the last 
30 yr. Examples of these systems include the Split Cycle 
Offset Optimization Technique (SCOOTTM), Sydney 
Coordinated Adaptive Traffic System (SCATS™), 
Real-time Hierarchical Optimized Distributed Effective 
System (RHODES), optimized policies for adaptive 
control (OPAC) (or virtual fixed cycle), Adaptive Control 
Software Lite (ACS Lite), and InSync.

Stevanovic (2010) indicated that ASCT deployments 
can reduce delay, number of stops, and other negative 
measures of traffic performance. The degree of 
operational benefit from installing ASCTs depends 
on several factors, such as the previous type of traffic 
control, the quality of previous signal timing, and the 
predictability or stability of traffic demand (Lodes and 
Benekohal 2013). ASCT deployments are most effective 
at locations where demand conditions are variable and 
unpredictable (FHWA 2012).

In addition to operational benefits, other potential 
nonsafety benefits of ASCTs noted in the literature 
previously cited include the following:

• Reductions in fuel consumption.
• Decreases in emissions and air pollution.
• Improvements in signal timing:

» Decreased effort to develop signal timings; in 
some cases, it can reduce retiming intervals from 
years to minutes (FHWA 2012).

» Lowered cost of periodic operational data 
collection and retiming.

» Reduced cycle lengths, which produce better 
pedestrian response.

• Establishment of public transport priority and 
emergency vehicle priority.

• Better accommodation of roadwork and special 
events (compared to traditional systems).

METHODOLOGY
The research team identified available sources of 
before–after data suitable for evaluating the safety of 
ASCTs. Control groups or control series were added 
to the data-collection plan to strengthen the design 
whenever possible. Matching methods (e.g., Stuart 
2010), such as propensity score matching, were used 
to assign control locations for Florida data to allow 
the research team to compare the treatment sites 

with control sites that have the most similar covariate 
distributions. To evaluate the safety effectiveness of 
ASCTs, the research team implemented an interrupted 
time series design for Virginia and Texas data, where 
comparison locations could not be included in the 
evaluation, and an interrupted time series design with 
comparison group (ITS-CG) for Florida data, where a 
robust set of comparison sites could be included.

Analysis methods used in this evaluation included 
variants of the empirical Bayes (EB) method, the full 
Bayesian (FB) estimation method, and generalized 
linear models with generalized estimating equations 
to implement segmented regression analyses. For the 
past decade, EB methods have been widely used for 
safety evaluations in before–after analyses. What the 
transportation safety community refers to as “the EB 
method” is in fact the combination of a specific study 
design (i.e., a before–after design with a reference 
group) and the EB method. To control for regression-
to-the-mean bias, the EB method produces a weighted 
average between the observed and safety performance 
function (SPF)-estimated crashes according to the 
reliability of the SPF. The research team applied FB 
estimation methods for the before–after analysis with 
the ITS-CG design to cope with known limitations 
of the EB method (i.e., the need for reliable SPFs 
based on a fairly large reference group of at least 
a few hundred sites). Additionally, uncertainty in the 
estimated SPFs was not reflected in the final safety 
effectiveness estimate of the EB method, an issue 
corrected by applying the FB method. The research 
team also implemented a generalized linear segmented 
regression (GLSR) analysis using the Poisson–gamma 
mixture model, which describes a negative binomial 
error on the response variable, to account for time and 
intervention (i.e., installation of ASCTs) as key variables. 
This approach enabled the research team to account 
for trends and assess the expected change in safety 
resulting from installing ASCTs.

DATA
Although ASCT systems have been in use for 30 yr 
(roughly 20 yr in the United States), many were 
implemented for demonstration or experimental 
purposes. Additionally, the number of ASCT sites 
maintained in continuous operation for several years 
that can be aligned with a time series of crash data was 
limited in most cases the research team reviewed.

Further, the United States uses various detection layouts 
and strategies to adjust traffic control at sites with ASCT 
deployments. Initially, the research team focused on the 
five ASCT-type alternatives most commonly used in the 
United States (i.e., SCOOT, SCATS, RHODES, OPAC, 
and InSync).
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After requesting data and locations for evaluation 
from several agencies, the research team received 
positive responses from multiple States. Limitations in 
the format and completeness of the data, however, led 
to the decision to pursue additional data collection and 
assembly for only three States. Ultimately, the research 
team prepared datasets for evaluation from these 
three States due to the restricted number of sites with 
sufficient implementation history and complete data for 
before and after periods. The limited number of sites 
and reduced availability of key variables (e.g., dates 
of installation or annual average daily traffic (AADT) 
for minor roads at intersections) were the main reasons 
to narrow the scope of additional data collection. The 
three States selected for evaluation were Florida, Texas, 
and Virginia.

Florida
The research team collected data from 98 intersections 
from two counties in Florida, including 78 from Orange 
County and 20 from Pinellas County (figure 1). These 
ASCTs were distributed in six areas (or corridors).

Figure 1. Map. ACST sites in Florida.

Screen capture by Texas A&M Transportation Institute using ArcGIS software. © 2019 Esri and its licensors. All rights 
reserved. Service Layer Sources: Esri, HERE, Garmin, Intermap, increment P Corp., GEBCO, USGS, FAO, NPS, NRCAN, 
GeoBase, IGN, Kadaster NL, Ordnance Survey, Esri Japan, METI, Esri China (Hong Kong), 
© OpenStreetMap contributors, and the GIS User Community. 

The 20 ASCTs in Pinellas County were installed in 
2014 and use InSync equipment. The ASCTs in Orange 
County, which also use InSync equipment, were 
installed at 78 intersections during 3 different years: 
2015 (25 intersections), 2016 (11 intersections), 
and 2017 (42 intersections). The roadway design 
characteristics for major and minor legs were manually 
measured and collected from Google Earth™ satellite 
imagery (Google, Inc. 2019).

The research team collected 7 yr of crash data 
(2010 through 2016) for each intersection. The crash 
data were obtained from the Florida Department of 
Transportation (FDOT) State Safety Office. The research 
team created a 250-ft buffer around each intersection 
to identify intersection-related crashes, resulting in data 
from a total of 1,385 crashes collected across all study 
sites.

The research team also collected 7 yr of AADT data 
(2010 through 2016) for major and minor legs. The 
AADT data originated from three sources:
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• Historical Annual Average Daily Traffic Shapefile 
obtained from the FDOT Transportation Data 
and Analytics Office website (FDOT 2019). This 
shapefile contains 5 yr of AADT data (2014 
through 2018) for road segments in Florida.

• Orange County traffic counts accessed through 
the Orange County Government website. This 
web-based platform provides up to 20 yr (1999 
through 2018) of traffic volume data for each 
traffic count location (Orange County Government 
Florida 2019).

• Pinellas County traffic count maps obtained from 
the county’s website. These maps represent 8 yr 
of traffic averages (2011 through 2018) (Pinellas 
County Florida 2019).

Texas
The research team collected data from 25 intersections 
in Tyler, TX (figure 2). These locations were on three 
corridors:

• Loop 323 from US 69N south, east, and north to 
Commerce St.

• US 69 (Broadway) from Amherst Dr. to 
Cumberland Rd.

• Beckham Ave. from Frontage Rd. (SH 31) south to 
Loop 323.

Figure 2. Map. ASCT sites in Tyler, TX.

Screen capture by Texas A&M Transportation Institute 
using ArcGIS software. © 2019 Esri and its licensors. All 
rights reserved. Service Layer Sources: Esri, HERE, Garmin, 
Intermap, increment P Corp., GEBCO, USGS, FAO, NPS, 
NRCAN, GeoBase, IGN, Kadaster NL, Ordnance Survey, 
Esri Japan, METI, Esri China (Hong Kong), © OpenStreetMap 
contributors, and the GIS User Community. 

These ASCTs were installed in 2012 using ASC Lite 
equipment. The roadway design elements for major and 
minor legs were manually measured and collected from 
Google Earth satellite imagery (Google, Inc. 2019).

The research team collected 8 yr of crash data (2010 
to 2017) for each study site. The Texas Department 
of Transportation (TxDOT) Crash Records Information 
System supplied the crash data (TxDOT 2019a). 
As with the Florida sites, the research team created              
a 250-ft buffer around each intersection to select 
intersection-related crashes. The period of analysis 
was expanded to 8 yr to obtain a stable baseline of 
comparison for the after period. The team identified a 
total of 4,067 intersection-related crashes during the 
2010 to 2017 period.

TxDOT supplied the AADT data for major and minor 
legs of each intersection from its Roadway Inventory 
Data system (TxDOT 2019b). The research team 
collected 8 yr of AADT data corresponding to the years 
of crash data (2010 to 2017) for both the major and 
minor legs.

Virginia
The research team collected data from 68 intersections 
equipped with InSync ASCT systems in 7 counties in 
Virginia (figure 3).

In 2011, ASCTs were installed at 18 study sites, 
while another 50 ASCTs were installed in 2012. The 
research team manually measured the roadway design 
characteristics of major and minor legs using Google 
Earth satellite imagery. The Virginia Department of 
Transportation (VDOT) provided crash data for 8 yr 
(2006 through 2013).1 The research team identified a 
total of 3,547 intersection-related crashes at these study 
sites from 2006 through 2013.

ANALYSIS

Florida
The research team conducted the safety evaluation 
of ASCTs in Florida by employing two evaluation 
approaches: a before–after analysis using the EB 
method and before–after analysis with comparison 
groups using the FB estimation method. The Florida 
data included 98 intersections with ASCTs, which were 
installed between 2014 and 2017. Because the period 
for the Florida crash data was from 2010 through 
2016, the 42 intersections with ASCT implementations 
in 2017 were used as reference sites for the EB 
analysis and comparison sites for the FB analysis. The 
11 intersections treated during 2016 were excluded 

1The study team obtained this crash data via email from the Safety, Operations, and Traffic Engineering Team at VDOT in February 2018.
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from both EB and FB before–after analyses because no 
after data were available.

Figure 3. Map. ASCT sites in Virginia.

Screen capture by Texas A&M Transportation Institute using ArcGIS software. © 2019 Esri and its licensors. All 
rights reserved. Service Layer Sources: Esri, HERE, Garmin, Intermap, increment P Corp., GEBCO, USGS, FAO, 
NPS, NRCAN, GeoBase, IGN, Kadaster NL, Ordnance Survey, Esri Japan, METI, Esri China (Hong Kong),                            
© OpenStreetMap contributors, and the GIS User Community. 

For the EB before–after analysis, the research team 
developed SPFs based on the data from the reference 
sites. The research team then used these SPFs to estimate 
the expected crash frequencies at the treated sites had 
treatments not been applied and calibrated SPFs for 
each year of the before–after periods rather than just for 
each period (Hauer 1997; Park et al. 2010, 2019). 

The research team also examined crashes by employing 
an FB before–after analysis method. The team fitted 
the Poisson–gamma mixture model (equivalent to the 
negative binomial distribution) with a change point to 
total, fatal and injury, property-damage-only (PDO), 
rear-end, and angle crashes. The research team 
followed the steps for implementing FB before–after 
evaluations with two comparison groups (corresponding 
to implementation years 2014 and 2015) as proposed 
by Park et al. (2010).

By its nature, an EB before–after analysis cannot 
account for the uncertainty in the SPF estimates in the 
safety effectiveness estimate. In contrast, the FB analysis 
can incorporate uncertainty in model parameters into 
the final safety effectiveness estimate.

Texas
Because neither reference nor comparison sites were 
available in the Texas study, the team conducted the 
safety evaluation of ASCTs using a GLSR analysis. A 
negative binomial regression model that introduced 
time as a variable to control for overall trend and 
intervention (i.e., installation of ASCTs) as a variable 
was employed to estimate the effect of the ASCT. 
The Texas crash data contained 25 intersections with 
ASCTs installed in 2012. The research team obtained 
yearly crash data at each intersection for years 2010 
through 2017. As an estimation method, the team 
used generalized estimating equations to account for 
correlations in crash counts obtained for multiple years 
at the same intersection.
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Virginia
As previously discussed, VDOT provided data for 
68 intersections with ASCTs. As was the case with the 
Texas data, neither reference nor comparison sites were 
available, so the research team again conducted its 
safety evaluation using a GLSR analysis and applied a 
negative binomial regression model to control for trend 
and intervention. 

RESULTS
For Florida, CMFs were estimated using two alternative 
methods: the EB method and FB method. The latter 
is considered more robust as it better accounts for 
sources of uncertainty. The research team estimated the 
CMFs for Texas and Virginia from a negative binomial 
GLSR analysis using generalized estimating equations. 
Table 1 presents the results of these analyses.

For Florida, the results indicated no statistically 
significant changes in total, fatal and injury, PDO, or 
rear-end crashes. The increase in angle crashes for the 
Florida sites was statistically significant based on the EB 
before–after analysis; however, it was not statistically 
significant for the FB analysis. Because the FB analysis 
method better accounts for uncertainty in the data 
than the EB method, FB uncertainty estimates tend to 
be larger than those resulting from the EB approach. 
As a result, EB analysis results often underestimate 
true uncertainty and may incorrectly indicate statistical 
significance.

The analysis of Texas corridors estimated a CMF of 
1.000 (0-percent reduction) in total crashes (statistically 
insignificant). It also showed a 10.5-percent increase 
in fatal and injury crashes (statistically insignificant), 
a 4.7-percent decrease in PDO crashes (statistically 
insignificant), a 44-percent reduction in rear-end 
crashes (statistically significant at the 95-percent 
confidence level), and a 2.8-percent increase in angle 
crashes (statistically insignificant).

For Virginia, the analysis indicated a 13.3-percent 
reduction in total crashes (statistically significant at the 
90-percent confidence level), a 35.8-percent reduction
in fatal and injury crashes (statistically significant at the

95-percent confidence level), a 1.9-percent increase in
PDO crashes (statistically insignificant), a 39.6-percent
reduction in angle crashes (statistically significant at
the 95-percent confidence level), and a 2.0-percent
increase in rear-end crashes (statistically insignificant).

Table 1. Comparison of CMFs for ASCTs obtained by State and analysis approach.

State Methodology Total Fatal and Injury PDO Angle Rear End

FL EB 1.045 1.039 1.022      1.207** 1.003

FL FB 1.042 1.033 1.027 1.239 0.940

TX GLSR 1.000 1.105 0.953 1.028      0.560**

VA GLSR    0.867*     0.642** 1.019      0.604** 1.020

*Statistical significance at a 90-percent confidence level.
** Statistical significance at a 95-percent confidence level.

ECONOMIC EFFECTIVENESS
Because of the mixed results (no statistically significant 
change in safety in Florida and significant crash 
reductions in Texas and Virginia), the research team 
conducted an economic evaluation for two scenarios:

1. The safety benefit estimated from the Virginia
dataset is realized.

2. No measurable safety effect is realized (the worst-
case outcome observed in this study).

When assuming a 13.3-percent reduction in total 
crashes (as indicated by the analysis results in Virginia), 
the research team estimated a B/C ratio of 65.56. 
When assuming no safety benefit derived from ASCT 
installations (as the results from Florida suggested), 
the B/C ratio estimate dropped to 25.46. In both 
cases, a B/C ratio larger than 1.0 indicated that the 
benefits obtained from implementing ASCT outweigh 
the costs. These results considered an adjusted value 
of a statistical life, average crash costs in the three 
States, cost savings due to reduced congestion, costs 
of operating new software, costs of maintenance, and 
other metrics recommended in NCHRP Synthesis 403: 
Adaptive Traffic Control Systems: Domestic and Foreign 
State of Practice (Stevanovic 2010).

CONCLUSIONS
The objective of this study was to perform a rigorous 
safety effectiveness evaluation of ASCT installations. To 
accomplish the goals of this study, the research team 
compiled safety data from Florida, Texas, and Virginia. 
The evaluation included total, fatal and injury, PDO, 
rear-end, and angle crashes.

When analyzing the Florida data, the research team 
implemented two estimation methods (EB and FB) that 
yielded similar and statistically insignificant estimates 
of effectiveness for four out of the five crash types 
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evaluated. However, for angle crashes, the EB analysis 
indicated a large and statistically significant increase 
(20.7 percent) after the installation of ASCTs. The 
more robust FB method found a similar estimate (a 
23.9-percent increase) not to be statistically significant. 
The result from the FB method was considered the most 
plausible of the two (i.e., no evidence of a change 
in angle crash frequency) given that this method 
accounted for a source of uncertainty that the EB 
method ignores.

Results from the Texas analysis, based on interrupted 
time series, also showed mostly insignificant changes in 
safety associated with ASCT installations. The notable 
exception was a statistically significant reduction 
(44 percent) in rear-end crashes. This result was 
consistent with past literature. For example, Khattak 
(2016) reported reductions of 34 percent in total 
crashes and 45 percent in fatal and injury crashes.

The results from Virginia produced evidence of 
significant reductions in total crashes (a 13.3-percent 
reduction, or 0.867 CMF, significant at the 10-percent 
significance level), fatal and severe crashes (a 
35.8-percent reduction, or 0.642 CMF, significant at 
the 5-percent significance level), and angle crashes 
(39.6-percent reduction, or 0.604 CMF, significant 
at the 5-percent significance level). These results are 
consistent with past literature. Past research has reported 
additional improvements in terms of delay, queue 
lengths, and travel time; for example, Stevanovic et al. 
(2011). Regarding crash-based evaluations, Ma et al. 
(2016) estimated a CMF of 0.92 for total crashes and 
0.83 for fatal and injury crashes.

Regarding statistically insignificant results, it should be 
noted that such results could indicate either the absence 
of a change in safety performance, or the presence 
of very small safety effects that could not be detected 
in the datasets used in this study. Additionally, it was 
notable that the results that were statistically significant 
were not consistent across the three States, which points 
to differences between installations. The research team 
speculates that differences in the safety effectiveness of 
ASCTs probably depend on the specific technologies 
implemented and local operational characteristics of the 
sites under study.
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