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Executive Summary 
 
In the year 2003, approximately 41% of all vehicle crashes in the US occurred at 
intersections; these crashes resulted in nearly 9,000 fatalities, or approximately 23% of all 
traffic fatalities. Of these intersection-related fatal crashes, 68% occurred at unsignalized 
intersections (no stop signs, controls, or other signs).   
 
In rural Minnesota, approximately one-third of all crashes occur at intersections.  From 
1998-2000, 62% of all intersection-related fatal crashes in Minnesota occurred at rural 
through/stop intersections.  The American Association of State Highway and 
Transportation Officials (AASHTO) recognized the significance of rural intersection 
crashes in its Strategic Highway Safety Plan (SHSP), and identified the development and 
use of new technologies as a key initiative to address the problem of intersection crashes. 
 
In the rural Intersection Decision Support System (IDS) proposed here, infrastructure-
based sensing and communication technology is used to determine the safe gaps in traffic 
and then communicates this information to the driver so that he or she can make an 
informed decision about entering a major road traffic stream. 
 
In this document, we summarize the results of the rural IDS project.  Briefly, these 
include: 
 

1. An analysis of rural expressway intersection crashes in Minnesota, including the 
development of a technique to identify intersections having crash rates higher 
than expected; 

2. A statistical model that can be used to estimate or project the societal benefits of 
deploying a rural stop sign assistant at rural intersections; 

3. The design, development, and implementation of a rural intersection surveillance 
and data acquisition system.  (Gap acceptance behavior of drivers at a live 
intersection has been quantified, and two crashes have been captured.); and 

4. A task analysis, design study, and simulator-based evaluation of innovative 
Driver-Infrastructure Interface (DII) concepts for communicating to the stopped 
driver, leading to an understanding of the timing and content of information 
needed for an effective, acceptable DII.
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Introduction 
 
In the year 2003 approximately 41% of all vehicle crashes in the US occurred at 
intersections; these crashes resulted in nearly 9,000 fatalities, or approximately 23% of all 
traffic fatalities. Of these intersection related fatal crashes, 68% occurred at unsignalized 
intersections (no stop signs, controls, or other signs) (NHTSA, 2005).   
 
To address the intersection crash problem, the FHWA sponsored Infrastructure 
Consortium, consisting of state Department of Transportations (DOTs) and Universities 
from Minnesota, Virginia, and California, created the Intersection Decision Support 
(IDS) project, which was formed and given the task of developing technologies and 
approaches to mitigate the intersection crash problem.  Three different problems were 
addressed as part of this initiative.  Virginia addressed signalized and stop controlled 
intersection violations and crashes.  California addressed Left Turn Across Path/Opposite 
Direction (LTAP/OD) violations, primarily in the urban and suburban setting.  Minnesota 
elected to address crashes at rural unsignalized intersections.  
 
In rural Minnesota, approximately one-third of all crashes occur at intersections.  From 
1998-2000, 62% of all intersection-related fatal crashes in Minnesota occurred at rural 
through/stop intersections.  The American Association of State Highway and 
Transportation Officials (AASHTO) recognized the significance of rural intersection 
crashes in its Strategic Highway Safety Plan (SHSP), and identified the development and 
use of new technologies as a key initiative to address the problem of intersection crashes. 
 
In the rural Intersection Decision Support System (IDS) proposed here, infrastructure-
based sensing and communication technology is used to determine the safe gaps in traffic 
and then communicates this information to the driver so that he or she can make an 
informed decision about entering a major road traffic stream. 
 
In this document, we summarize the results of the rural IDS project.  Briefly, these 
include: 
 

1. An analysis of rural expressway intersection crashes in Minnesota, including the 
development of a technique to identify intersections having crash rates higher 
than expected. 

2. A statistical model which can be used to estimate or project the societal benefits 
of deploying a rural stop sign assistant at rural intersections.  

3. The design, development, and implementation of a rural intersection surveillance 
and data acquisition system.  Gap acceptance behavior of drivers at a live 
intersection has been quantified, and 2 crashes have been captured. 

4. A task analysis, design study, and simulator-based evaluation of innovative 
Driver-Infrastructure Interface (DII) concepts for communicating to the stopped 
driver, leading to an understanding of the timing and content of information 
needed for an effective, acceptable DII. 
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Each of these is expanded in the sections that follow. 
 

1. Review of Minnesota’s Rural Intersection Crashes: Methodology for Identifying 
Intersections for Intersection Decision Support (IDS)  
 
Contributors: Howard Preston, Richard Storm, Max Donath, Craig Shankwitz 
 
Minnesota’s rural crash records were analyzed in order to develop a better understanding 
of crashes at rural intersections and their cause. The study’s objective was to investigate 
the causes of crashes at rural intersections and to support the development of technology 
based strategies to mitigate the high crash rate. Since previous research found that up to 
80 percent of intersection crashes at thru-STOP intersections may be related to selection 
of insufficient gaps in traffic, the development and validation of Intersection Decision 
Support (IDS) technology that assists in proper gap selection was identified as a primary 
goal.  This was also supported in National Cooperative Highway Research Program 
(NCHRP) Report 500 (Volume 5): A guide for Addressing Unsignalized Intersection 
Collision, which was written in response to AASHTO’s SHSP to provide state and local 
agencies with tools to address crashes at unsignalized intersections.  Objective 17.1 D1 
states that there is a need to “Provide an Automated Real-Time System to Inform Drivers 
of the Suitability of Available Gaps for Making Turning and Crossing Maneuvers”. 
 
This portion of the investigation addressed questions such as: how many unsafe rural 
intersections are there in Minnesota, where they are, and what are the characteristics of 
crashes at these intersections. Without a comprehensive understanding of Minnesota’s 
rural intersection crashes, effective deployment of IDS technology would be difficult, 
especially if the hypothesis that drivers have difficulties selecting adequate gaps is 
invalid. 
 
A database of over 3,700 intersections was examined. Using the critical crash rate as an 
indicator, 23 rural expressway intersections and 104 rural two-lane intersections were 
identified as unusually “dangerous” locations. Of these 127 intersections, further 
investigation focused on the rural expressway intersections, since expressways tend to 
carry higher volumes at higher speeds when compared to two-lane roadways. Also, past 
studies found that the percentage of intersection crashes on rural expressways increases 
with increasing mainline volumes, and there are several high-volume rural expressway 
corridors in Minnesota.  
 
This study of Minnesota intersections showed that crashes at rural expressway thru-STOP 
intersections have similar crash and severity rates when compared to all rural thru-STOP 
intersections.  However, right angle crashes (which are most often related to gap 
selection) were observed to account for 36 percent of all crashes at the rural expressway 
intersections.  At intersections that have higher than expected crash rates, approximately 
50 percent of the crashes are right angle crashes (This 50% figure is up from the 28% for 
all rural thru-STOP intersections). Further investigation also found that drivers’ inability 
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Decision Support (IDS), Mn/DOT Final Report MN/RC-2004-31. Saint Paul, MN: 
Mn/DOT. 




