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ABSTRACT 
An analysis of crash data shows that the number of fatal school bus related crashes has remained 
nearly constant over the past ten years, despite an increase in available safety-improving 
technology. One of the main concerns related to school bus safety is the issue of illegally passing 
a stopped school bus. A survey on driver behavior around stopped school buses confirmed that 
driver behavior around stopped school buses is incorrect more than 25% of the time.  

To improve safety around stopped school buses, this dissertation presents a Concept of 
Operations for a connected vehicle application to improve safety around stopped school buses 
using Dedicated Short Range Communication (DSRC). The focus of this application is to 
increase awareness of stopped school buses or bus stops that are obscured from the driver’s view

(e.g., around a blind curve). An on-road naturalistic driving experiment was conducted to 
evaluate driver response to an in-vehicle message to warn drivers that they are approaching a 
stopped school bus that is stopped around a curve. The data indicated a nearly immediate 
change in speed, deceleration, and jerk after receiving an in-vehicle message.  

Within the framework of further developing the school bus stop connected vehicle message set, a 
multi-stage approach to developing useful connected vehicle applications in the near-term, 
intermediate-term, and long-term was developed. While this dissertation focuses on applications 
involving school buses and school bus stops, the authors expect that similar multi-stage 
implementation approach can be applied toward the development of many other applications. 

The dissertation concludes by using microsimulation to evaluate the impact of using specialized 
speed control algorithms to reduce vehicle speeds near bus stops along high speed roads. The 
simulation evaluated the effect of the reduce speed zone on travel time and emissions when the 
system was considered as a pre-timed speed limit and also when the system was modeled as a 
connected vehicle system.  The results indicated that the connected vehicle system would 
provide increased safety (pedestrian crash survivability) while only providing a slight increase in 
average travel time and vehicle emissions compared to the baseline condition; however, the 
travel time detriment and emissions are compounded when the system is applied to a corridor 
with multiple bus stops. 
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Chapter 1: INTRODUCTION 

BACKGROUND 

Students around the world use buses to travel to and from school.  In the U.S. alone, 450,000 

public school buses travel approximately 4.3 billion miles to transport 23.5 million students to 

and from school and school related activities each year (1).  Data from the 2000 Census Report 

estimates that school-aged children make 23.5 billion trips each year regardless of mode-choice 

and more than half of the total trips occur on rural roads (58.6 billion miles annually) compared 

to urban roads (54.7 billion miles annually) (2).   

School bus transportation is often considered one of the safest modes of travel (1–6) since it only 

accounts for 2% of the total number of motor vehicle fatalities of school-aged children (3); 

however, if one considers all of the vehicles involved in school bus related crashes, such as an 

injury or fatality in a passenger vehicle that collided with a school bus, there are approximately 

140 school-aged fatalities and 85,000 injuries each year due to school bus related crashes (7). 

CURRENT STATE OF THE PRACTICE 

School buses travel on a variety of different types of roadways with varying speed limits and 

roadway characteristics (i.e., straight, curvy, hilly, divided, undivided, etc.).   Along these routes, 

school buses make regular stops to pick up and drop off students.  When stopping a school bus, 

drivers must be cautious of hills and curves where other drivers may not see their stopped bus or 

students crossing the road.   

Placing school bus stops along curvy high-speed roads is 

not recommended because it puts students in a potentially 

dangerous situation; however the practice cannot always 

be avoided.  For example, in rural, mountainous districts, 

students may reside on high-speed roads with lots of 

curves.  In these cases, school bus stops may be preceded 

by a “School Bus Stop Ahead” sign to warn drivers that 

they may encounter a school bus (8).  These static signs 

provide no indication of when school is in session or 

when the bus is expected to pick-up or drop-off students.   

UNDERSTANDING THE PROBLEM 

Although school bus transportation is often considered one of the safest ways to transport 

students to and from school, parents and school bus drivers are increasingly concerned about the 

safety of their students while they board or alight the vehicle due to vehicles that illegally pass a 

stopped school bus that is loading or unloading students.  Previous research has indicated that 

bus drivers perceived illegal passing by other motorists as the biggest safety problem that faces 

Figure 1: Sign S3-1 in the 

MUTCD “School Bus Stop 

Ahead”  
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school transportation vehicles (7).  More recent data from the one-day national survey on illegal 

passing of school buses indicates that school buses nearly 100,000 school buses were passed by 

nearly 76,000 drivers in one day (9).   

Although some States and school districts have begun to utilize automated stop arm cameras to 

catch drivers who illegally pass a school bus, research indicates that the problem may be deeper 

than simple disobedience.  A survey of Florida motorists in 1998 revealed that drivers did not 

understand their responsibilities pertaining to stopped school bus laws and the associated school 

bus indicators (flashing red lights, flashing amber lights, and retractable stop arm signs) (10).  To 

date, no national studies have evaluated this hypothesis. 

By studying and understanding the characteristics of school bus related crashes, researchers, 

engineers, school transportation professionals, and safety advocates can develop methods and 

technologies to reduce school bus related crashes of all severity levels. 

The objectives of this project were to develop and evaluate a system for improving driver 

awareness and compliance around school buses and school bus stops within a Connected Vehicle 

environment.  This dissertation describes the results of an on-road test to evaluate how drivers 

respond to an in-vehicle message about an upcoming school bus stop.  While the experiment 

demonstrated nearly immediate reaction times to the audio-visual warning message, the long-

term effect of the in-vehicle messaging system is currently unknown.  To combat that 

uncertainty, this dissertation presents a multi-stage approach to developing useful connected 

vehicle applications in the near-term, intermediate-term, and long-term, ultimately leading to a 

fully connected system with automated speed control capabilities.  While this dissertation 

focuses on applications involving school buses and school bus stops, the author expects that 

similar multi-stage implementation approach can be applied toward the development of many 

other applications. 

One of the ways that school bus transportation can be improved is to help protect students who 

get picked up or dropped off at bus stops.  Similar to school zones, where speed limits are 

temporarily reduced during school start and end times, speed limits around school bus stops can 

also be reduced using variable speed limit signs and connected vehicle technology.  This system 

is expected to provide the most benefit to rural road bus stops that are located on high speed 

roads.  

RESEARCH OBJECTIVES 

The research objectives of this project are two-fold: 

1. Develop and evaluate a prototype system for improving driver awareness around school

buses and school bus stops using a connected vehicle environment.

a. Develop a concept of operations for distributing in-vehicle messages to alert

drivers of a stopped school bus ahead.
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b. Evaluate the impact of the school bus stop alert through road-testing the alerts on

naive human subjects.

2. Develop and evaluate a long-term approach to improving transportation safety around

school bus stops.

a. Develop the framework for a multi-stage approach to integrating school bus

applications into a fully autonomous connected vehicle system.

b. Evaluate a system of reducing speed limits in the vicinity of school bus stops

along high-speed roads by using the microsimulation software, INTEGRATION.

Simulate the proposed system on a single, isolated school bus stop and also along

a corridor with many bus stops.  Quantify the mobility and environmental impacts

of the system.

DISSERTATION LAYOUT 

Since this dissertation follows the manuscript-based format, each chapter contains a preface to 

explain how it fits in with the other chapters.  In summary, this dissertation follows the following 

organizational scheme, as depicted in Figure 2: 

- Chapter 1 provides the relevant background information that is necessary for

understanding the research needs and motivation for this dissertation.  It also provides an

overview of the remaining dissertation chapters and how they relate to each other.

The next three chapters provide the foundation for understanding the current state of school 

transportation safety and the anticipated future of connected vehicle technology.  Chapter 2 

provides a review of the existing body of literature on school bus safety and connected vehicle 

technology. Chapters 3 and 4 add to the literature review by providing the results of crash data 

analysis and a survey of driver behavior around stopped school buses. 

- Chapter 2 contains a synthesis of the definitions and policy surrounding school bus

transportation, the existing technologies that are used to improve school bus safety, the

connected vehicle system and communication standards, and existing research and

standard practice on reducing speeds at school zones and school bus stops.

- Chapter 3 presents the crash data that supports the remaining chapters.  The in-depth

analysis primarily utilizes data from the Fatality Analysis Reporting System; however,

data for all occupant injuries and crash severities is presented in Appendix A. This

chapter also discusses existing school transportation safety initiatives and its potential to

improve safety through advanced transportation  systems.

- Chapter 4 builds on chapter 3 by evaluating driver behavior around school buses. This

chapter presents the results of an online survey on stated driving behavior around school

buses and school bus stops.  The survey presented a variety of scenarios and asked

drivers how they would behave when approaching a stopped school bus (i.e., stop behind
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the bus or continue driving) and how confident they felt with their decision.  The survey 

also asked drivers how they behave when driving by occupied school bus stops. 

The research in these four chapters further expands the existing body of literature by developing 

and testing a set of connected vehicle applications for improving safety around school bus stops. 

Chapters 5 and 6 provide a concept for a near-term solution using in-vehicle messaging whereas 

Chapters 7 and 8 focus on a longer-term approach involving speed control systems and 

autonomous driving capabilities. 

- Chapter 5 presents a concept of operations (ConOps) to describe how a connected vehicle

application can be used to improve school bus safety in a fully connected environment.

The ConOps identifies different features, functionality, and operational scenarios in

which the application can improve school bus safety.

- Chapter 6 summarizes the results of testing the Stopped School Bus Ahead connected

vehicle (CV) application from Chapter 5.  The experiment involved on-road testing to

evaluate driver response to receiving an in-vehicle message about a stopped school bus

ahead. The full test plan and detailed data analysis are available in Appendix B and C,

respectively.

- Chapter 7 provides the framework for a multi-stage approach to integrating enhanced

school bus warnings into the connected vehicle system.  It builds upon the content of

Chapter 5 and 6 by predicting how the school bus applications will integrate with other

in-vehicle systems, connected technology, and autonomous capabilities.

- Chapter 8 builds upon Chapter 7 by simulating the effect of using speed control to reduce

vehicle speeds in the vicinity of a school bus stop.  The data was collected through the

microsimulation program, INTEGRATION.  The simulation input and output files are

available in Appendix D.

The dissertation pulls each chapter together into a final conclusion. 

- Chapter 9 provides the final conclusions and recommendations from the previous chapter.

It also provides a roadmap for expanding the future research in this topic area.

The dissertation chapters are supported by several appendices. 

- Appendix A supports Chapter 3 by providing a brief analysis of crash data from the

Federal Highway Administration’s General Estimates System.

- Appendix B coincides with statistical analysis that was presented within Chapter 4.  The

data is a direct output from the JMP statistical analysis software.

- Appendix C contains the detailed test plan matrix that corresponds to the on-road testing

described in Chapter 6.

- Appendix D contains additional figures that relate to the on-road testing described in

Chapter 6. 

4



- Appendix E contains the input and output files for the INTEGRATION simulations in

Chapter 8. 

- Appendix F contains a paper that describes a phone-based application for parents to use

to evaluate their child’s bus stop for major safety concerns.  This paper was presented as

a poster at the 2015 Women Transportation Seminar Annual Meeting.

- Appendix G presents a preliminary procedure for performing an economic analysis on the

school bus related applications that are presented within the main body of the

dissertation.

5



Figure 2: Graphical representation of the dissertation layout.
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Chapter 2: LITERATURE REVIEW 

CHAPTER PREFACE 

This chapter provides an overview of the definitions and policy surrounding school bus 

transportation, existing technologies that are used to improve school bus safety an overview of 

the connected vehicle system and communication standards, and existing research and standard 

practice on reducing speeds at school zones and school bus stops.  Due to the manuscript-based 

format of this dissertation, some of the literature review content is repeated in the remaining 

chapters to ensure that each paper is able to be published as an independent manuscript without 

ties to the dissertation. 

SCHOOL BUS DEFINITION 

The National Highway Traffic Safety Administration’s (NHTSA) Federal Motor Carrier Safety 

Regulations define school buses as “a [motor vehicle designed for carrying more than 10 persons 

including the driver] that is used for purposes that include carrying students to and from school 

or related events on a regular basis, but does not include a transit bus or a school-chartered bus” 

(1).  Charter buses which are hired on a short-term basis are not considered school buses even 

when transporting students to or from a field trip. 

NHTSA recommends that all school buses (2): 

 Be identified with the words “School Bus”

 Be painted National School Bus Glossy Yellow

 Have bumpers of glossy black, but they may be covered with a reflective material for

increased visibility

 Be equipped with safety equipment including a charged fire extinguisher mounted near

the driver’s seat

 Be equipped with devices (such as the stop signal arm) to enhance safe bus operation

 Be equipped with a system of signal lamps

 Have a system of mirrors

 Comply with all Federal Motor Vehicle Safety Standards (FMVSS) at the time of
manufacturing.

BEST PRACTICES FOR PLACING SCHOOL BUS STOPS 

Although maintaining the safety of school children is a high priority, no national guidelines or 

requirements exist related to school bus stop placement.  The Safe Routes to School Guide 

provides useful information about how State or local policies are developed (3).  For example, 

some States have developed very basic policy to regulate specifications such as the minimum 

allowable distance between stops and the minimum radius from the school in which a school bus 

must provide service to students.  In other cases, more specific policies exist at the local and 
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district level and may include restrictions related to placement of bus stops on private 

roads/property and cul-de-sacs, placement of stops at the corner of intersections versus at mid-

block locations, and placement of bus stops on high volume roads or near railroad crossings. 

Additionally, local policies may include stipulations about how to accommodate younger riders 

such as kindergarten students who cannot walk far from home.  Furthermore, some school 

districts may rely on the judgment of the school transportation director to place high-risk bus 

stops.   

The Safe Routes to School Guide (3) emphasizes that student visibility and safety is one of the 

highest priorities when selecting bus stop locations.  Current best practices include locating bus 

stops on roads with lower traffic volumes and speeds and minimizing the number of stops along 

multi-lane roads (3).  Additionally, certain constraints such as the school bus’s limited 

maneuverability and adequacy of student waiting areas add additional restrictions to bus stop 

placement.   

USE OF BUS STOP AHEAD SIGNS 

Placing bus stops along curvy or hilly terrain is sometimes 

unavoidable.  The current state of practice for dealing with 

these situations involves placing a fluorescent yellow-

green “School Bus Stop Ahead” sign (Figure 1) according 

to the following guidance from the Manual on Uniform 

Traffic Control Devices (MUTCD) (4): 

“The School Bus Stop Ahead (S3-1) sign should be 

installed in advance of locations where a school 

bus, when stopped to pick up or discharge 

passengers, is not visible to road users for an 

adequate distance and where there is no 

opportunity to relocate the school bus stop to 

provide adequate sight distance.”  

While the guidance provides some direction as to when 

school bus stop signs are to be used, they are simply 

guidelines, not requirements.  Additionally, these signs, as 

described, provide no indication of the school bus schedule 

which leaves drivers in the dark as to whether or not they 

may come across a school bus.  One school district in 

Missouri attempted to partially address this problem by 

adding removable flags to improve the conspicuity of the 

signs during the academic year, however, they have since 

discontinued this practice for unstated reasons.  In a 

research study, researchers at Texas Transportation 

Figure 1: Sign S3-1 in the 

MUTCD “School Bus Stop 

Ahead”  

Figure 2: Older Version of the 

“School Bus Stop Ahead” 

(Replaced by the sign in Figure 

1in the 2009 MUTCD, although 

many road signs have not been 

upgraded.) 
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Institute added actuated flashing beacons to existing “School Bus Stop Ahead” signs to evaluate 

whether drivers reduced their speeds or applied their brakes earlier.  The study demonstrated 

reductions in driver speeds after seeing the active flashing beacons, indicating that the active 

warning system is an effective tool for improving safety and awareness (5).   

Older versions of the “School Bus Stop Ahead” sign (Figure 2) may still exist at some locations 

as text with a yellow background (6).  If both signs are used in the same city, town, or 

municipality, these older signs may confuse drivers about whether or not both signs are valid 

thus causing a safety concern if drivers purposefully ignore the sign. 

SCHOOL BUS LOADING AND UNLOADING PROCEDURES 

School bus drivers must be cognizant of drivers that may ignore or be unaware of current school 

bus stopping laws. The general procedure for warning other vehicles that a school bus is about to 

stop involves activating the bus’s amber and red flashing lights which are located on the front 

and rear of the school bus.  The driver first activates the amber warning lights by pressing the 

amber light switch on their driver console. This is expected to happen at least 100 feet prior to 

the bus stop. Once the bus comes to a complete stop and the driver opens the door, the bus’s 

lights automatically switch from the amber lights to the red lights.  At this time, the stop signs 

installed on the left side of the bus extend to display a “STOP” sign to the surrounding drivers 

(7).    

DANGERS OF LOADING AND UNLOADING 

The process of loading and unloading students from the school bus is the most dangerous time 

for students.  The Kansas Department of Transportation began collecting data on school bus 

loading and unloading fatalities during the 1970-1971 school year (8).  That year, the nation 

experienced 75 fatalities related to school bus transportation (9).  Since then, many efforts have 

ensued to train bus drivers and educate students and the general public.  As a result the fatalities 

related to loading and unloading have greatly reduced (see Table 1).  It is important to recognize 

that the fatalities in Table 1 do not include fatalities within the school bus or within other 

vehicles that may have collided with another vehicle as a result of a stopped school bus. 
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Table 1: School Bus Loading and Unloading Fatalities (10) 

Academic Year Back of Bus Front of Bus Passing Vehicle Total 

1999-2000 4 7 11 22 

2000-2001 3 3 3 9 

2001-2002 4 1 8 13 

2002-2003 1 5 6 12 

2003-2004 2 1 6 9 

2004-2005 9 5 6 20 

2005-2006 6 1 6 13 

2006-2007 1 2 4 7 

2007-2008 1 0 4 5 

2008-2009 7 3 7 17 

2009-2010 2 6 5 13 

2010-2011 3 1 4 8 

2011-2012 1 2 6 9 

2012-2013 2 1 6 9 

Total 46 38 82 157 

DANGER ZONE 

The danger zone is a widely acknowledged concept that depicts the most dangerous areas around 

a school bus where a student may be visually obscured from the bus driver or from passing 

vehicles.  The danger zone 

diagram, which shades a ten 

foot perimeter around the 

entirety of the bus, is supported 

by literature that identified the 

shaded areas as hot spots for 

student injuries or crashes in 

and around a school bus (9–11).  

Teachers and bus drivers 

frequently distribute educational 

materials to bus-riding students 

in order to increase the students’ 

situational awareness via 

printable materials or webpages 

(12), online games (13), and 

DVDs (14). 
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Figure 3: Diagram of the School Bus Danger Zones 
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SAFE-TO-CROSS SIGNALS 

Due to a driver’s elevated seat position and overall awareness of other road users, drivers are 

trained to use a physical signal to indicate when it is safe for their students to cross the street 

(15).  Often, drivers will use a hand motion, head nod, or other action to communicate the all-

clear signal.  If a dangerous situation arises, a bus driver should be able to quickly communicate 

with the crossing students to ensure a student’s safety.  Some school bus fleets have external 

public address (P.A.) systems installed to facilitate verbal communication with students outside 

the bus; however, these are sometimes difficult to hear or understand due to outside noises such 

as the bus engine or other traffic (16). 

LAWS REGARDING PASSING OF STOPPED SCHOOL BUSES AT SCHOOL BUS STOPS 

The legality of passing a stopped school bus varies based on State laws (17).  While all States 

require drivers to stop when approaching a stopped school bus from behind, ninety-percent of the 

States provide exceptions to the stopping rule when the driver is approaching the bus from the 

opposite direction depending on the roadway’s attributes.  Figure 4 graphically shows the 

circumstances in which a driver is not required to stop for a school bus that is stopped and 

loading or unloading students.  More specifically, as shown in Table 2, over half of the States 

allow drivers to pass a stopped school bus when they are traveling in the opposing direction on a 

divided highway regardless of the number of lanes on the roadway.  Five States allow drivers to 

continue passing a stopped bus when they are traveling in the opposing direction on a roadway 

with four or more lanes, even if the road lacks a physical median or other barrier. Other 

exceptions include a requirement to slow down to 10 mph when approaching a school bus that is 

stopped on the opposite side of a divided highway and a special rule that drivers are allowed to 

pass a stopped school bus when they are traveling on a different roadway, controlled access 

highway, and/or stopped in a loading zone where pedestrians may not enter the roadway. 
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Figure 4: Graphical representation of State exceptions to the stopped school bus law. 

Table 2: Percent of States exceptions to the stopped school bus law. 

Percent Scenarios Where Drivers are Exempt from Stopping for a 

Stopped Bus 

63% Opposite side of a divided highway or roadway (median or barrier) 

16% Opposite side of roadway with 4 or more lanes 

12% 4-lane divided highway moving in the opposite direction

10% Other 

10% No Exceptions 

In a survey of school bus drivers in three Florida counties, drivers perceived illegal passing by 

other motorists as the biggest safety problem that faces school transportation vehicles (18).  This 

claim is substantiated by a field study in Florida which identified 10,590 instances of vehicles 

illegally passing 3,427 school buses on a single day.  Fifty-six percent of the illegal passing 

maneuvers occurred on 2-lane roads more than half of those (66%) were by vehicles traveling in 

the opposing lane.  On average, there were 5.9 incidents per bus per day on routes that utilized 

primarily main roads, whereas mostly minor-road routes with light traffic averaged 3.1 incidents 

per bus.  Although injuries caused by illegally passing vehicles are rare, reported injuries 

generally involved a pedestrian with serious head injuries and a variety of fractures.  Sometimes, 

illegal passing also resulted in sideswipe crashes that caused cosmetic damage to the bus, but few 

injuries or fatalities were reported as a result of those crashes (18).   

4+ lanes, undivided

4+ lanes divided

Any divided highway

Other

No Exceptions
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Due to the overwhelming number of vehicles that illegally pass school buses on a regular basis, 

eleven states (Arkansas, Connecticut, Georgia, Illinois, Maryland, North Carolina, Rhode Island, 

South Carolina, Virginia, Washington, and West Virginia) allow the use of cameras on the 

outside of school buses to capture images of motorists illegally passing a school bus (19). 

Within these States, school districts may implement a program to automatically photograph and 

issue citations to vehicles that pass a school bus while the stop arm is extended and the red lights 

on the rear of the bus are flashing.  While this system makes progress in issuing citations to 

drivers who illegally pass stopped school buses, the system does not actively prevent crashes 

between pedestrians and illegally passing vehicles.     

Previous research has indicated that motorists do not understand their responsibilities pertaining 

to stopped school bus laws and the associated school bus indicators (flashing red lights, flashing 

amber lights, and retractable stop arm signs) (20).  More recent data collected at a focus group of 

six light vehicle drivers in Virginia indicated that drivers are uncertainty remains in the year 

2014 (21).   

EXISTING SCHOOL BUS TECHNOLOGY FOR IMPROVING SAFETY 

School bus fleets have installed a variety of high- and low-technology solutions for improving 

school transportation safety.  The following sub-sections provide examples of relevant safety-

improving technologies on school buses. 

STOP ARMS CAMERAS 

Systems are able to automatically detect and process violations, however, officer involvement is 

typically required to review and issue the citation.  In 2013, 12% of the organizations surveyed in 

the School Bus Fleet Equipment Survey used school buses equipped with exterior cameras to 

record stop-arm violations (22).   

CROSS-VIEW MIRRORS 

Cross-view mirrors are a series of two to four mirrors strategically mounted to improve a driver’s 

view of students around the school bus’s perimeter.  A 1992 study reviewed six commercially 

available cross-view systems to determine its optical properties and field of view around three 

different types of school buses.  The mirrors’ effectiveness varies considerably depending on the 

location and angle of installation (23). 

EXTERIOR BACKUP SYSTEMS 

Similar to backup cameras on personal vehicles, aftermarket rearview cameras are available for 

installation on school buses.  Typically, school bus drivers are encouraged to have spotters or 

assistants who help monitor the back of the bus while driving in reverse (24).  These cameras 

eliminate the need for spotters by installing a video feed to a driver’s rear-view mirror (25). 
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INTERIOR VIDEO SYSTEMS 

Interior video recording systems are commonly installed on school buses to document student 

behavior (19, 26).  Recent advancements in wireless communication and data streaming has led 

some systems to allow emergency personnel and bus dispatchers to live-stream the video when a 

bus driver activates an emergency panic button. 

CROSSING ARMS 

School bus crossing arms are installed on the front of a school bus in an effort to force students 

to walk at least six feet in front of the front of the bus.  This has produced a substantial reduction 

in loading/unloading zone fatalities (27).  In a 2013 survey of school bus technologies, 39% of 

respondents indicated that each bus in their fleet had a crossing arm installed, 27% of 

respondents indicated having the crossing arm installed on some of their buses, and the 

remaining 34% did not have crossing arms installed on any buses (22).  

INTERIOR OCCUPANT PROTECTION 

As of 2010, seatbelts are only required on school buses in New York, New Jersey, Florida, 

California, and Texas  (22, 28).  Despite early research indications that seatbelts would save lives 

and prevent injuries (29), school bus operators and transportation officials expressed concern that 

the seatbelts could be used as weapons and would be difficult to enforce (30).  NHTSA 

recognized the need for improving student safety on school buses and addressed concerns by 

focusing on improving student compartmentalization (31, 32).  

SCHOOL BUS TRACKING 

Some fleet managers are moving towards installing systems to track and manage school buses. 

These highly-detailed systems are able to identify the state of various school bus technologies. 

For example, the Blue Bird Connect System (33) is able to track the following information: 

 Bus location (GPS positioning)

 Engine state (idle time, on/off)

 Trip history (routes, journey, harsh turn/acceleration/brake)

 Door position (open/close, emergency or main door)

 Stop arm position (extended or not)

 State of warning lights (red/amber)

 Engine alerts (diagnostics, speed threshold violations, low battery)

This specific system is also capable of providing turn-by-turn directions, digital inspection 

checklists, and direct communication with fleet managers and/or dispatchers. 

STUDENT TRACKING 

Student tracking systems track student ridership on a day-to-day basis by logging students in 

when they board or unload from the bus.  Tracking methods include use of Radio Frequency 

Identification Device (RFID) technology (34, 35) and GPS positioning (33).  Some of the 
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devices are capable of allowing parent access through the internet (35).  In 2013, 4% of the 

school bus operations surveyed used student tracking technology (22).  

OTHER TECHNOLOGIES 

Several other technologies exist to improve student safety; however, specific usage data is not 

available at this time.  These technologies include driver breathalyzers to ensure sobriety while 

transporting students (36), lighting systems to help students board the bus in the dark (37), and 

strategically place retroreflective tape on a bus (28). 

CONNECTED VEHICLE BACKGROUND 

The connected vehicle system aims to improve transportation safety by opening a 

communication network that allows communication between vehicles and the transportation 

infrastructure to reduce crashes and improve mobility of people and goods.  The concept behind 

this system is to enable vehicles to send and receive basic safety messages.  Unlike current radar 

and video-based systems which have field-of-view constraints, connected vehicle technology 

enables vehicles to collect data from all directions, providing a 360-degree awareness of their 

surroundings.  Former names for this system include Vehicle Infrastructure Integration Program, 

Intelligent Vehicle Initiative, IntelliDrive
SM

. 

In February of 2014, the United States Department of Transportation (U.S. DOT) issued an 

announcement that they will begin taking steps to enable wide-spread use of this technology as it 

pertains to light vehicles (38).  At this point, the system mostly focuses on a vehicle’s ability to 

send out speed and position data; however, advancements are being made to enhance these 

messages by allowing specialty vehicles to broadcast special safety messages such as an alert 

that an emergency vehicle is approaching.  The U.S. DOT currently supports the system as a 

means of disseminating safety messages.  The system has not advanced to a point of allowing 

automated driving without driver intervention.   

OVERVIEW 

The connected vehicle system enables wireless communication between a nearly limitless 

number of road users.  Frequently referred to as V2X, or vehicle-to-X, the system focuses on 

vehicle communication with a variety of other devices where the X part of the name gets 

replaced by the receiving road user.  For example, V2I would represent vehicle-to-infrastructure 

communication, V2V represents vehicle-to-vehicle communication, and V2P represents vehicle-

to-pedestrian communication.   

While still in the early development and testing phase, the connected vehicle system has many 

unknowns.  First, in terms of the architecture of the system, the system must be able to compute 

and process data quickly enough to provide reliable risk analysis and driver warnings, but the 

cost of operations must remain low (39).  Additionally, early marketed versions of the system 

must be able to accommodate a large number of unequipped vehicles in order to build trust in the 

crash prevention warnings.  Researchers have indicated that early versions of the equipment will 
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likely focus on infrastructure applications in for drivers to see immediate benefits,  but they will 

also be capable of accommodating V2V communication once enough vehicles are equipped with 

the ability to utilize direct vehicle to vehicle communication (39).  In a similar vein, the systems 

must provide an adequate number of warnings that neither warn the driver too often nor warn the 

driver too infrequently.  The former problem of sending too many warnings may cause the driver 

to ignore the warning due to early notification or disbelief in the existence of a hazard; however, 

providing too few warnings may degrade the effectiveness of the system by neglecting potential 

hazards. 

Overall, the connected system technology is expected to prevent up to 80 percent of vehicle 

crash scenarios that involve unimpaired drivers (40).  While this is a widely accepted estimate, 

further research is needed to evaluate the safety benefits of individual applications. 

Key players in the development of the connected vehicle program include the Department of 

Transportation, the Intelligent Transportation System (ITS) Joint Program Office, NHTSA, and 

the Crash Avoidance Metrics Partnership (CAMP). 

ROADSIDE EQUIPMENT 

One of the basic, early components of the connected vehicle system includes roadside equipment 

that is able to communicate to individual road users.  These devices, which fall under the 

vehicle-to-infrastructure category, are mounted on or incorporated with a stationary device along 

a road or pathway.  V2I is important because connected vehicles get to experience the V2I 

applications regardless of connected vehicle market penetration (41).  Even if only ten percent of 

vehicles have DSRC, they can still use the systems, see the benefits, and learn to trust the 

system.   

Roadside units are able to deliver a variety of messages to benefit road users.  Its capabilities 

include delivering weather-related information, messages from changeable message signs, and 

indications from traffic signals or other traffic 

control devices.  These messages and alerts are 

intended to be delivered to drivers through an 

onboard user interface using graphics, text, 

audio, or vibrations. 

Since roadside units are frequently related to 

existing transportation infrastructure, they will 

likely be managed, monitored, and maintained 

by local or State agencies (42). 

ONBOARD EQUIPMENT 

Onboard equipment is typically mounted on or 

in a vehicle, but may also be a portable device 

Figure 5: Basic architecture of V2V 
onboard units 

Telematics
V2V 

Communication

Risk Evaluation

Warning 

Management

Driver Interface
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that can be fixed upon a bicycle or other moving object.  Since these units are regularly moving, 

they are required to send out telemetry data that includes current location, heading, speed, and 

acceleration.  This data is sent and received through the V2V system then evaluated to identify 

potential risks of surrounding vehicles.  If two vehicle trajectories appear to conflict, provided 

the vehicles maintain their associated speed, acceleration, and assumed trajectory based on a 

digital map, the risk evaluation algorithm calls upon the warning management system to assess 

the level of danger and issue and appropriate warning (43).     

The warning management system typically chooses which warning to display on the driver 

interface based on an assumed time-to-collision.  The earliest warning occurs when a vehicle is 

in Zone 3.  This represents the time when a collision is likely, but the driver still has adequate 

time to make comfortable evasive maneuvers.  A vehicle in Zone 2 receives a serious warning 

that a crash is imminent.  At this point, the driver may need to apply hard brakes to avoid a 

collision.   Zone 1 represents the time in which a vehicle must immediately respond if a crash is 

to be avoided.  Evasive maneuvers in zone 1 may include sudden deceleration or quick steering 

maneuvers that may be uncomfortable for the vehicle occupants.  Ideally, drivers react to the first 

and second level warnings, thus reducing the need for a the final collision warning (43). 

EXISTING STANDARDS 

SAE J2735 

The SAE J2735 Standard (44) provides the specifications for connected vehicle technologies 

using the 5.9 GHz DSRC environment; however, the message sets, data frames, and data 

elements are transferrable to other means of communication.  The Standard was developed to 

ensure the interoperability between various applications regardless of system or application 

developer.   

The introduction to the Standard contains an overview of the DSRC architecture, a description of 

how the messages are designed (messages contain data frames and data frames contain data 

elements), and a short explanation of the message encoding.  The remainder of the Standard 

presents basic messages and an index of their corresponding data frames and data elements. 

BASIC SAFETY MESSAGE 

The basic safety message (BSM) contains the standard safety data required to communicate 

vehicle information such as vehicle telemetry and vehicle type.  It is frequently sent at a rate of 

10 times per second.  The safety message may contain up to two parts: one related to the basic 

safety information from the vehicle and the other related to optional policies that may impact 

BSMs in the future.  All BSMs must contain Part I, however Part II is optional at this time. 
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Figure 6: Basic Safety Message as Specified in the SAE J2735 Standard (44) 

SAE J2735 also governs the standardization of MAP Data messages which contain information 

related to relevant geometric properties of the roadway.  Currently, MAP messages are mostly 

used in intersection applications; however, they are also applicable to curve safety alerts and 

applications related to traffic platoons. 

PERFORMANCE MEASUREMENTS AND ACCEPTANCE CRITERIA 

The wide breadth of connected vehicle technology leads to nearly limitless capabilities including 

crash prevention, crash avoidance, and information dissemination.  This leads to a multitude of 

issues including how and when messages should be presented.  Researchers need to be able to 

ASN.1 Representation 
BasicSafetyMessage : : = SEQUENCE { 

-- Part I 
msgID   DSRCmsgID, -- 1 byte 

-- Sent as a single octet blob 
blob1 BSMblob, 

-- The blob consists of the following 38 packed bytes: 
--  msgCnt MsgCount, -x- 1 byte 
--  id  TemporaryID,  -x- 4 bytes 

-- secMark DSecond, -x- 2 bytes 

-- pos PositionLocal3D, 
-- lat Latitude, -x- 4 bytes
-- long Longitude, -x- 4 bytes
-- elev Elevation, -x- 2 bytes
-- accuracy PositionalAccuracy, -x- 4 bytes

-- motion Motion, 
-- speed TransmissionAndSpeed, -x- 2 bytes 
-- heading Heading, -x- 2 bytes
-- angle SteeringWheelAngle, -x- 1 byte
-- accelSet AccelerationSet4Way, -x- 7 bytes

-- control Control, 
-- brakes BrakeSystemStatus, -x- 2 bytes 

-- basic VehicleBasic, 
-- size VehicleSize, -x- 3 bytes

-- Part II, sent as required 
-- Part II, 
safetyExt VehicleSafetyExtension OPTIONAL, 
status VehicleStatus  OPTIONAL, 

. . . -- # LOCAL_CONTENT 

}
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determine the timing of collision avoidance messages including factors such as driver reaction 

time, braking time, and existing road conditions.  Knowing these factors will allow researchers to 

determine the critical and/or preferred time to avoid a collision (45).   

Researchers may also utilize a variety of notification methods such as audible, visual, and tactile 

messages.  The Crash Warning System Interfaces: Human Factors Insights and Lessons Learned 

provides guidance for when to use each type of notification method with respect to the type of 

information it is presenting (46).  A hazardous condition is recommended to utilize a 

combination of audible, visual, and/or tactile notification whereas a non-critical informational 

message may only utilize a visual message. 

As the connected vehicle system begins to reach market penetration, researchers will be faced 

with a new set of challenges to determine whether or not automatic responses are necessary 

during safety-critical events.  These automatic responses may include automatic braking or 

automatic steering to avoid a collision. 

RELEVANT DYNAMIC MOBILITY APPLICATIONS 

Connected vehicle applications are generally categorized into four categories based on the 

intended improvements.  These four categories are environmental, mobility, safety, and support. 

Examples of each are presented below (47):  

 Environmental: connected eco-driving; dynamic eco-routing; eco-approach and departure

at signalized intersections; eco-cooperative adaptive cruise control; eco-integrated

corridor management decision support system; eco-lanes management; eco-multimodal

real-time traveler information; eco-ramp metering; eco-smart parking; eco-speed

harmonization; eco-traffic signal timing; eco-transit signal priority; electric charging

stations management; low emissions zone management; roadside lighting; enhanced

maintenance decision support system; road weather advisories and warnings for

motorists; road weather information and routing support for emergency responders; road

weather information for freight carriers; road weather information for maintenance and

fleet management system; variable speed limits for weather-responsive traffic

management

 Mobility: border management systems; container security; container/chassis operating

data; smart roadside initiative; freight drayage optimization; freight -specific dynamic

travel planning; ad hoc messages; performance monitoring and planning; advanced

automatic crash notification relay; emergency communications and evacuation; incident

scene pre-arrival staging guidance for emergency responders; incident scene work zone

alerts for drivers and workers; cooperative adaptive cruise control; queue warning; speed

harmonization; vehicle data for traffic operations; emergency vehicle priority; freight

signal priority; intelligent traffic signal system; pedestrian mobility; transit signal

priority; dynamic ridesharing; dynamic transit operations; integrated multi-modal

electronic payment; intermittent bus lanes; route id for the visually impaired; smart park
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and ride system; transit connection protection; transit stop request; advanced traveler 

information systems; receive parking space availability and service information; traveler 

information- smart parking 

 Safety: transit pedestrian indication; transit vehicle at station/stop warnings; vehicle 

turning right in front of a transit vehicle; curve speed warning; oversize vehicle warning; 

pedestrian in signalized crosswalk warning; railroad crossing warning; red light violation 

warning; reduced speed zone warning; restricted lane warnings; spot weather impact 

warning; stop sign gap assist; stop sign violation warning; warnings about hazards in a 

work zone; warnings about upcoming work zone; blind spot warning + lane change 

warning; control loss warning; do not pass warning; emergency electronic brake light; 

emergency vehicle alert; forward collision warning; intersection movement assist; pre-

crash actions; situational awareness; tailgating advisory; vehicle emergency response 

 Support: communications support, core authorization, data distribution, infrastructure 

management, security and credentials management, signal phase and timing 

The applications listed above are in various states of development and evaluation (47, 48).  

Although there are no current school bus related connected vehicle applications, select 

applications related to the scope of this research are presented in the upcoming subsections. 

Additionally, it is important to recognize that the success connected vehicle system is heavily 

dependent on the ability of these applications to maximize message acceptance and accurately 

express message urgency while minimizing driver distraction and annoyance (49). 
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TRANSIT VEHICLE AT STATION/STOP WARNINGS (47) 

This V2V application informs nearby drivers that they are approaching a stopped transit vehicle 

at a station or bus stop.  The description of the application includes a V2I component that enables 

a variable message sign to display a safety message to vehicles that are not equipped with 

connected vehicle technologies.  The connected vehicle application database lists the following 

needs and requirements for the transit vehicle at station/stop warning: 

Needs Requirements 

Needs to inform vehicles of the presence and behavior of 

a nearby transit vehicle to prevent collisions 

Shall determine the predicted trajectories of transit 

vehicles 

Shall be able to acquire vehicle position information 

Needs to determine the location of transit vehicles so 

that it may inform other vehicles of its location and 

behaviors 

Shall be able to acquire vehicle position information 

Needs to determine the behavior of transit vehicles so 

that it can communicate that information to other 

vehicles and pedestrians 

Shall be able to acquire vehicle trajectory information 

Shall be able to acquire transit vehicle behavior 

broadcasts (pulling out, about to stop etc.) 

Shall broadcast host transit vehicle behavioral 

information (pulling out, about to stop, etc.) 

Needs to inform pedestrians of the nearby presence and 

behavior of a transit vehicle to help prevent collisions 

Shall acquire the locations of transit vehicle stops 

Shall inform roadside equipment near transit stops of the 

nearby presence and behavior of transit vehicles 

Shall be able to receive pedestrian location information 

from pedestrians near transit stops 

Shall inform pedestrians near stops of the nearby 

presence and behavior of transit stops 

 

  

22



DO NOT PASS WARNING (47) 

This V2V application warns drivers if there is an oncoming vehicle in their lane as they are 

attempting a passing maneuver.  It uses telemetry data and an assumed intended path to 

determine whether a vehicle may safely pass a slower moving vehicle.  The application also has 

the ability to inform drivers of when the passing zone is occupied even if the driver is not 

attempting a passing maneuver. 

The connected vehicle application database lists the following needs and requirements for the do 

not pass warning: 

Needs Requirements 

Needs to know when a vehicle faces an impending 

collision with a vehicle in the passing lane, if the host 

vehicle were to attempt to pass a slower moving vehicle 

in front 

Shall determine which lane on the roadway that the host 

vehicle is in 

Shall determine the current speed, heading and position 

of its host Vehicle relative to Vehicle positions indicated 

in warning messages 

Shall determine if the Driver is attempting a passing 

action, so that it can determine whether the Vehicle is in 

danger if a pass is attempted 

Shall determine the possibility of collision with 

oncoming vehicles during a passing action, given the 

Vehicle's position, heading, speed, acceleration and 

performance characteristics, and the positions, headings 

and speeds of nearby Vehicles 

Shall determine if a Vehicle in front and in the same lane 

as itself is moving slower 

Shall determine the geometry of the passing zone, so 

that it can properly determine whether it is safe to pass 

Needs to know when a vehicle faces an impending 

collision with a vehicle in the passing lane, if the host 

vehicle were to attempt to pass a slower moving vehicle 

in front 

Shall notify the driver of a possible crash as a result of a 

passing attempt 

Needs to be able to advise the driver that the passing 

zone is occupied when a slow moving Vehicle is in front 

Shall notify the driver when the passing zone is occupied 
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EMERGENCY VEHICLE ALERT (47) 

This connected vehicle application alerts the driver of the location and movement related to 

emergency vehicles that are responding to an incident.  Use of this V2V application enhances the 

ability for emergency vehicles to respond quickly and safety by encouraging other vehicles to 

move out of the way or yield to emergency vehicles. 

The connected vehicle application database lists the following needs and requirements for the 

transit vehicle at station/stop warning: 

Needs Requirements 

Needs to receive information about the location 

and status of nearby emergency vehicles 

responding to an incident 

Shall be able to receive emergency vehicle 

location information 

Shall notify the Driver of the presence of 

emergency vehicles nearby that may affect the 

host vehicle 

 

CURRENT GUIDELINES AND RESEARCH ON IN-VEHICLE WARNING MESSAGE TIMING 

The Human Factors Guideline for Collision Warning System Interfaces provides guidance for 

disseminating in-vehicle collision warning messages (46).  These guidelines base collision 

warning timing on expected driver response time and deceleration levels.  The messages should 

be deployed in a manner that allows drivers enough time to receive the message and respond 

appropriately.   

A majority of the existing body of literature focuses on collision warning timing rather than non-

imminent warning messages.  In 2002, research performed by the University of Iowa evaluated 

driver behavior after receiving collision warning messages.  The findings indicated that early 

deployment of collision warning messages were preferable because they allowed drivers to have 

lower levels of deceleration compared to late message deployment (50).  Researchers at 

Loughborough University confirmed those findings in a 2004 study (51).   They found that 

earlier timing (alert presented within 0.05 seconds of a decelerating vehicle) allowed drivers to 

have a more timely response to an imminent collision waring compared to middle or late timing 

(alert presented 0.6 and 1.0 seconds, respectively) after detecting a decelerating vehicle).  

Additionally, the researchers identified that drivers lost their trust in the warning message when 

the warnings were presented after the drivers had initiated a braking maneuver (52).  A recent 

study looked at the timing of intersection collision warnings and concluded that intersection 

collision warnings provided the best driver responses when they were deployed at 4.0-4.5 

seconds prior to a potential collision (53).  

Additional resources are presented in Table 3, below.
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Table 3: Summary of existing research on connected vehicle warning message timing. 

Year Authors Title Reaction 

Time (time 

to initially 

react) 

Response 

Time (time 

to perform 

a 

maneuver) 

Alert Type Notes 

General In-vehicle Messages (location not relevant) 

2014 Lerner, 

Robinson, 

Singer, 

Jenness, 

Huey, 

Baldwin, 

Fitch (49) 

Human Factors for Connected 

Vehicles: Effective Warning 

Interface Research Findings 

N/A 1.63 seconds Visual Drivers were asked to 

honk a horn to 

acknowledge a warning 

message 

2006 Lee, 

McGehee, 

Brown, 

Marshall 

(54) 

Effects of Adaptive Cruise 

Control and Alert Modality on 

Driver Performance 

0.58 seconds N/A Audio-visual Driver responses to 

warnings about lead 

vehicle events  

Collision Studies 

2006 Ho, 

Cummings, 

Wang, 

Tijerina, 

Kochhar (55) 

Integrating Intelligent Driver 

Warning Systems: Effects of 

Multiple Alarms and 

Distraction on Driver 

Performance 

N/A 0.5 to 2.0 

seconds 

In-vehicle aural 

warning (tonal 

beeps) 

Simulator Study 

 

Study evaluated driver 

responses to forward 

collision warnings, 

following-vehicle 

approaching fast, and 

lane departure warnings. 

2002 Lee,  

McGehee, 

Collision Warning Timing, 

Driver Distraction, and Driver 

0.76 to 1.14 

seconds 

1.35 to 2.0 

seconds 

Audio-visual Simulator study 
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Brown, 

Reyes (50) 

Response to Imminent Rear-

End Collisions in a High-

Fidelity Driving Simulator 

Driver responses varied 

due to early alert versus 

late alert 

2015 Ruscio, 

Ciceri, 

Biassoni (56) 

How does a collision warning 

system shape driver's brake 

response time? The influence 

of expectancy and automation 

complacency on real-life 

emergency braking 

0.35 seconds 0.86 seconds Visual (LED 

light) 

Reaction time is the time 

it took for the driver to 

begin lifting their foot 

from the accelerator; 

response time was the 

remaining time it took to 

move foot and press the 

brake to the maximum 

recorded intensity 

Responses where drivers 

had anticipatory 

information that fulfilled 

expectations were 

approximately 0.5 

seconds faster than 

events when the driver 

didn’t have warning 

information. 

Curve-related Studies 

2005 McElheny 

(57) 

Multidimensional Warnings: 

Evaluating Curve Warning 

Stimuli in an On-Road 

Environment 

1.0 seconds 

0.7 seconds 

1.9 seconds 

1.8 seconds 

Audio-visual 

Haptic-audio-

visual 

Field test on private road 

(Smart Road)  

Intersection Studies 

2009 Inman, Davis 

(58) 

The Effects of In-Vehicle and 

Infrastructure-Based Collision 

Warnings at Signalized 

0.86 seconds 1.22 seconds In-vehicle 

warning 

Simulator Study 

Reaction time 
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Intersections (audible voice 

“danger, red 

light violator” 

and 

illumination of 

a red LED on 

the vehicle’s 

dashboard, and 

a brake pulse) 

determined by 

accelerator release; 

response time determined 

by pressing the brake; in-

vehicle message 

provided slower 

reaction/response times 

compared to 

infrastructure-based 

alerts or combined in-

vehicle/infrastructure 

alerts. 

2009 Caird, 

Chisholm, 

Lockhart 

(59) 

Do in-vehicle advanced signs 

enhance older and younger 

drivers' intersection 

performance? Driving 

simulation and eye movement 

results 

0.4 to 0.48 

seconds 

0.69 to 0.73 

seconds 

Visual (heads 

up display) 

Reaction time 

determined by 

accelerator release; 

response time determined 

by pressing the brake 

2011 Chen, Cao, 

Logan (60) 

Investigation into the effect of 

an intersection crash warning 

system on driving performance 

in a simulator 

N/A 

N/A 

1.4 seconds 

1.3 seconds 

Visual 

Audio 

Simulator study; 

response time determined 

by the time to brake 

2015 Yan, Zhang, 

Ma (61) 

The influence of in-vehicle 

speech warning timing on 

drivers’ collision avoidance 

performance at signalized 

intersections 

N/A 1 second Audio Simulator study; 

response time determined 

by the time to brake 
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The guidelines and current research studies provide helpful data related to imminent 

collision warning timing, however there are gaps in the research in terms of the timing of 

non-emergency messages such as a warning of a stopped school bus ahead when a 

collision is not imminent.  The previously mentioned sources were used as guidance for 

developing the message deployment time in this study. 

EXISTING RESEARCH ON REDUCING SPEEDS NEAR BUS STOPS TO IMPROVE

SAFETY 

In addition to increasing awareness about the existence of a school bus stop on a high-

speed road, one of the best ways to improve safety is to reduce approach speeds.  There 

are several methods for achieving speed reductions for temporary situations. 

ACTIVE ROADSIDE SCHOOL BUS WARNING SYSTEMS 

Researchers at Texas Transportation Institute developed an active advance warning 

device that used an actuated flashing beacon to improve the effectiveness of static 

“School Bus Stop Ahead” signs (5).  They performed field tests to evaluate the effect of 

supplementing the standard static sign with top- and bottom-mounted flashing amber 

beacons.  In this study, the school buses carried a specialized transmitter that activated 

the SBSA sign over a specialized radio frequency. 

The researchers conducted a before/after, case/control study in a rural environment with 

four experimental sites and control sites.  Each of the sites had limited visibility, high 

speed limits, reasonably high traffic volumes, and minimal additional distracting stimuli 

(limited signs, traffic control devices, etc.).  With and without buses present, the 

researchers recorded average vehicle speeds, speed profiles, and brake light activation 

distance of approaching vehicles at each site. 

The results confirmed a statistically significant two mph decrease in average vehicle 

approach speeds prior to the bus stops when the beacon was activated regardless of 

whether or not the bus was present.  At the sign location, vehicle speeds were reduced by 

one mph when the beacon was activated.  Although the average statistics indicated a 

statically significant decrease in speeds, one of the sites demonstrated a noticeable, but 

not statistically significant, increase in speeds (0.5 mph upstream of the bus stop to 1.4 

mph at the bus stop) when the flashing beacons on the school bus sign were active.   

The researchers also identified the distance upstream from the sign in which the drivers 

activated their brake lights.  The evaluation of these distances indicated that they were 

not statistically different when the beacon was flashing compared to when it was off.  Out 

of the four experimental sites, only one site indicated a significant difference in brake 

light actuation distance of 340 feet when the sign was active. 
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In summary, this study found that the active school bus stop warning signs contributed to 

lower speeds but did not contribute to an earlier brake activation when the flashing 

beacons were active compared to when the flashing beacons were off; however, the 

results were likely effected by site-specific characteristics. 

SCHOOL ZONES ON HIGH SPEED ROADS 

In Part 7 of the MUTCD (Traffic Control for School Areas), the text regarding school 

zone speed limits alludes to cases where school zone speed limits may be reduced by 

more than 30 mph compared to the regular posted speed limit (4).  A precedent has been 

set by some school districts that have school zones located on high-speed corridors.  One 

example case of a school zone speed limit reduction of 30 mph is in Giles County, 

Virginia where a public elementary school is located along a four-lane rural highway. 

The regular posted speed limit for this corridor is 65 mph and it is reduced to 35 mph 

when flashing.   VicRoads Australia also reduces speeds to 35 mph in school zones that 

are located on roads with 50 to 60 mph speed limits (62). 

SETTING SPEED LIMITS USING THE INJURY MINIMIZATION METHOD  

The injury minimization method, sometimes called the safe systems approach, evaluates 

the crash types that are expected to occur on each road.  Speed limits are set to minimize 

the chance of fatality or serious injury at that speed as shown in Table 4 (63).  This 

speed-setting method merges traditional safety analysis with the prediction of how well a 

human body can withstand certain forces.   

Table 4: Speed Limits for Injury Minimization 

Road type Speed Limit, 

mph (km/h) 

Roads with a mix of motorized and unprotected 

road users (i.e., pedestrians and cyclists) 

20 (30) 

Roads with uncontrolled access where side 

impact crashes can result 

30 (50) 

Undivided roads where head-on crashes can 

result 

45 (70) 

Controlled access facilities with a physical 

median separation, where at-grade access and 

non-motorized road users are prohibited 

>60 (>100)
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SETTING SPEEDS BASED ON INJURY RISK CURVES 

The proposed concept for reducing speeds at school bus stops functions on setting speeds 

based on the injury minimization method.  Although the literature indicates that speed 

limits should be set to 20 mph when traffic will be interacting with pedestrians, it is 

impractical to assume that traffic will respect a speed reduction to 20 mph along a high-

speed corridor.   

Injury risk curves are used to 

identify the probability of 

receiving injuries given 

particular conditions, in this 

case impact speed.  The injury 

risk curves are typically based 

upon the fatality risk curves of 

the entire population; however 

children are known to have a 

slightly increased injury 

tolerance compared to their 

adult counterparts (Figure 7) 

(62).  Thus, when setting speed 

limits in areas where only child 

pedestrians are expected to be 

present, the injury 

minimization methods should 

be tailored to data from 

children.  Utilizing the models 

presented by Richards, fatality 

risk is exceptionally low 

through 25 to 30 mph (62).  In 

some cases, school bus stops 

may be located on roads with 

speeds exceeding 45 mph.  In 

these cases, should there be a 

pedestrian-vehicle collision, the student’s fatality risk greatly surpasses an acceptable 

level.    

Figure 7: Child pedestrian injury risk curve (top) 

and adult pedestrian injury risk curve (bottom). 
In this figure, the red and blue lines indicate 
different injury risk functions and the dashed 
lines represent the 95% confidence intervals 
of the Ashton and Mackay function. 

0-14 years old (Ashton and Mackay) 

15-59 years old (Ashton and Mackay) Davis Function 

Davis Function 

30



REFERENCES 

1. National Highway Traffic Safety Administration. Traffic Safety Facts:

Pedestrians (2010 Data). Washington, D.C., 2012.

2. National Highway Traffic Safety Administration. Pupil Transportation Safety. 17.

1–7.

http://www.nhtsa.gov/nhtsa/whatsup/tea21/tea21programs/402Guide.html#g17.

3. Pedestrian and Bicycle Information Center. Safe Routes to School Guide.

Washington, D.C., 2007.

4. Federal Highway Administration. Traffic Control for School Areas. In Manual on

Uniform Traffic Control Devices, Washington, D.C., pp. 731–746.

5. Carson, J. L., A. Holick, E. S. Park, M. Wooldridge, and R. A. Zimmer.

Development and Evaluation of an Active Warning Device for School Bus Loading

and Unloading Points in Areas of Limited Visibility. College Station, 2005.

6. Federal Highway Administration. Change List for the 2009 Edition of the

MUTCD Part 7. http://mutcd.fhwa.dot.gov/htm/2009/mutcd2009cl_7.htm#sec7b.

7. Virginia Department of Education. Bus Driver Training Unit E – Loading and

Unloading Passengers.

http://www.doe.virginia.gov/support/transportation/training/driver_training/unit_e.

pdf.

8. Gray, R. Preliminary Results Released for Annual School Bus Loading/Unloading

Survey. School Transportation News, , 2012.

9. McMahon, T. Survey finds 9 danger zone deaths in last school year. School Bus

Fleet, Jan, 2014.

10. School Bus Fleet. Loading and Unloading Statistics. 2014.

31



11.   Donoughe, K., and B. Katz. Evaluation of Fatal School Bus Related Crashes and 

Associated Crash Characteristics. 2014. 

 

12.   National Highway Traffic Safety Administration. Traffic Safety Toolkit. 

http://www.nhtsa.gov/parents/parents-bus.html. 

 

13.   CyberDrive Illinois. Danger Zone. 

http://www.cyberdriveillinois.com/departments/drivers/traffic_safety/school_bus_s

afety/game/index.html. 

 

14.   School Bus Safety Company. Danger Zone Demonstration. 

http://www.schoolbussafetyco.com/request-free-danger-zones-school-bus-

training/. 

 

15.   National Highway Traffic Safety Administration. School Bus Driver In-Service 

Safety Series: Loading and Unloading. 

http://www.nhtsa.gov/Driving+Safety/School+Buses/School+Bus+Driver+Trainin

g. 

 

16.   Bowman, D., S. Baker, and K. Donoughe. School Bus Focus Group: School Bus 

Drivers. Blacksburg, VA, 2014. 

 

17.   National Association of State Directors of Pupil Transportation Services. State 

Laws Regarding Passing Stopped School Buses. 

http://www.nasdpts.org/Operations/documents/State_Laws_Regarding_Passing_Sc

hool_Buses.pdf. 

 

18.   Appachu, D., A. M. Elias, B. Stephens, C. E. Wallace, and A. Gan. Identification 

of Critical Issues Involving School Bus Safety. Gainesville, FL, 1999. 

 

19.   National Conference of State Legislatures. School Bus Video Monitoring Chart. 

http://www.ncsl.org/research/transportation/school-bus-video-monitoring-

chart.aspx. 

 

20.   Baltes, M. Measuring Motorist Comprehension of Florida’s School Bus Stop Law 

and School Bus Signalization Devices. Transportation Research Record, Vol. 

32



1640, 1998, pp. 10–16. 

 

21.   Bowman, D., S. Baker, and K. Donoughe. School Bus Focus Group: Light Vehicle 

Drivers. Blacksburg, VA, 2014. 

 

22.   School Bus Fleet. School Bus Equipment Surveys. 2013. 

 

23.   Garrott, W. R., and S. M. Kiger. An Ergonomic Evaluation of School Bus Cross 

View Mirror Systems. 1992. 

 

24.   Ahn, A. There are safer ways to back up a bus. 

http://www.schoolbusfleet.com/channel/school-bus-safety/news/2013/08/08/there-

are-safer-ways-to-back-up-a-bus.aspx. Accessed Sep. 14, 2014. 

 

25.   Fisher, M. Rosco and Thomas Built Buses Make “MOR” of Backup Camera 

System. http://www.stnonline.com/home/latest-news/6166-rosco-and-thomas-

built-buses-make-mor-of-backup-camera-system. Accessed Sep. 14, 2014. 

 

26.   American Bus Video Inc. School Bus Video Cameras. 

http://www.schoolbussafety.net/cameras.html. Accessed Dec. 23, 2015. 

 

27.   Cassell, J. The case for crossing arms. School Bus Fleet, , 2013. 

 

28.   Wiegand, D., D. Bowman, R. Hanowski, C. Daecher, and G. Bergoffen. CTBSSP 

Synthesis 17: Special Safety Concerns of the School Bus Industry. Washington, 

D.C., 2010. 

 

29.   Spital, M., A. Spital, and R. Spital. The Compelling Case for Seat Belts on School 

Buses. Pediatrics, Vol. 78, 1986, pp. 928–932. 

 

30.   National Education Association. Seat Belts, School Buses and Safety. 

http://www.nea.org/home/19085.htm. 

 

31.   Hinch, J., L. McCray, P. Aloke, L. Sullivan, D. Willke, C. Hott, and J. Elias. 

School Bus Safety: Crashworthiness Research. Washington, D.C., 2002. 

 

33



32.   Elias, J., L. Sullivan, and L. McCray. Large School Bus Safety Restraint 

Evaluation - Phase II. http://www-

nrd.nhtsa.dot.gov/pdf/esv/esv18/CD/Files/18ESV-000313.pdf. Accessed Sep. 13, 

2014. 

 

33.   Blue Bird. Blue Bird Connect - GPS Fleet Management System. http://www.blue-

bird.com/blue-bird-connect.aspx#.VBX1P_mzETd. Accessed Sep. 14, 2014. 

 

34.   Zonar Systems. Z Pass Student Tracking. 

http://www.zonarsystems.com/products/zpass-student-tracking/. Accessed Sep. 14, 

2014. 

 

35.   Secured Mobility. SMART Tag. http://www.securedmobility.com/. Accessed Sep. 

14, 2014. 

 

36.   Alcolock. Safety In the Palm of Your Hand. http://alcolockusa.com/schoolbus. 

Accessed Sep. 14, 2014. 

 

37.   Fisher, M. New Lighting System Helps to “Guard” Students Boarding Buses in 

the Dark. http://www.stnonline.com/home/latest-news/5733-new-lighting-system-

helps-to-guard-students-boarding-the-bus-in-the-dark-. Accessed Sep. 14, 2014. 

 

38.   National Highway Traffic Safety Administration. U.S. Department of 

Transportation Announces Decision to Move Forward with Vehicle-to-Vehicle 

Communication Technology for Light Vehicles. 

http://www.nhtsa.gov/About+NHTSA/Press+Releases/2014/USDOT+to+Move+F

orward+with+Vehicle-to-

Vehicle+Communication+Technology+for+Light+Vehicles. Accessed Apr. 2, 

2014. 

 

39.   Kanazawa, F., H. Kanoshima, K. Sakai, and K. Suzuki. Field operational tests of 

Smartway in Japan. IATSS Research, Vol. 34, No. 1, Jul. 2010, pp. 31–34. 

 

40.   Cronin, B., and K. Dopart. Connected Vehicles – Improving Safety, Mobility, and 

the Environment. 1–56. 

http://www.its.dot.gov/presentations/pdf/NASA_Briefingv3.2.pdf. 

 

34



41. Hada, H. Cooperative Vehicles: Opportunity and Challanges. 

http://www.ssti.us/wp/wp-content/uploads/2012/05/Toyota-Hada-Cooperative-

Vehicle-4-17-2012.pdf. 

42. Misener, J., S. Biswas, and G. Larson. Development of V-to-X systems in North

America: The promise, the pitfalls and the prognosis. Computer Networks, Vol. 55,

No. 14, Oct. 2011, pp. 3120–3133.

43. Sepulcre, M., J. Gozalvez, and J. Hernandez. Cooperative vehicle-to-vehicle

active safety testing under challenging conditions. Transportation Research Part

C: Emerging Technologies, Vol. 26, Jan. 2013, pp. 233–255.

44. SAE. J2735 Dedicated Short Range Communications (DSRC) Message Set

Dictionary.

45. Tang, A., and A. Yip. Collision avoidance timing analysis of DSRC-based

vehicles. Accident; analysis and prevention, Vol. 42, No. 1, Jan. 2010, pp. 182–95.

46. Campbell, J. L., C. M. Richard, J. L. Brown, and M. McCallum. Crash warning

system interfaces: Human Factors insight and lessons learned. Washington, D.C.,

2007.

47. United States Department of Transportation. Connected Vehicle Reference

Implementation Architecture.

www.iteris.com/cvria/html/applications/applications.html. Accessed Sep. 30,

2014.

48. The CAMP Vehicle Safety Communications Consortium. Vehicle Safety

Communications Project Task 3 Final Report Identify Intelligent Vehicle Safety

Applications Enabled by DSRC. Farmington Hills, MI, 2005.

49. Lerner, N., E. Robinson, J. Singer, J. Jenness, R. Huey, C. Baldwin, and G. Fitch.

Human Factors for Connected Vehicles: Effective Warning Interface Research

Findings. 2014.

50. Lee, J. D., D. V. McGehee, T. L. Brown, and M. L. Reyes. Collision Warning

35



Timing, Driver Distraction, and Driver Response to Imminent Rear-End Collisions 

in a High-Fidelity Driving Simulator. Human Factors: The Journal of the Human 

Factors and Ergonomics Society, Vol. 44, No. 2, Apr. 2002, pp. 314–334. 

 

51.   Abe, G., and J. Richardson. The effect of alarm timing on driver behaviour: An 

investigation of differences in driver trust and response to alarms according to 

alarm timing. Transportation Research Part F: Traffic Psychology and Behaviour, 

Vol. 7, No. 4-5, 2004, pp. 307–322. 

 

52.   Abe, G., and J. Richardson. Alarm timing, trust and driver expectation for forward 

collision warning systems. Applied Ergonomics, Vol. 37, No. 5, 2006, pp. 577–

586. 

 

53.   Yan, X., Y. Zhang, and L. Ma. The influence of in-vehicle speech warning timing 

on drivers’ collision avoidance performance at signalized intersections. 

Transportation Research Part C: Emerging Technologies, Vol. 51, 2015, pp. 231–

242. 

 

54.   Lee, J. D., D. V McGehee, T. L. Brown, and D. Marshall. Effects of Adaptive 

Cruise Control and Alert Modality on Driver Performance. Transportation 

Research Record: Journal of the Transportation Research Board, Vol. 1980, 2006, 

pp. 49–56. 

 

55.   Ho, A. W. L., M. L. Cummings, E. Wang, L. Tijerina, and D. S. Kochhar. 

Integrating Intelligent Driver Warning Systems: Effects of Multiple Alarms and 

Distraction on Driver Performance. 2006. 

 

56.   Ruscio, D., M. R. Ciceri, and F. Biassoni. How does a collision warning system 

shape driver’s brake response time? The influence of expectancy and automation 

complacency on real-life emergency braking. Accident Analysis & Prevention, 

Vol. 77, 2015, pp. 72–81. 

 

57.   McElheny, M. J. Multidimensional Warnings: Evaluating Curve Warning Stimuli 

in an On-Road Environment. Virginia Polytechnic Institute and State University, 

2005. 

 

58.   Inman, V. W., and G. W. Davis. The Effects of In-Vehicle and Infrastructure-

36



Based Collision Warnings at Signalized Intersections. McLean, Virginia, 2009. 

 

59.   Caird, J. K., S. L. Chisholm, and J. Lockhart. Do in-vehicle advanced signs 

enhance older and younger drivers’ intersection performance? Driving simulation 

and eye movement results. International Journal of Human Computer Studies, 

Vol. 66, No. 3, 2008, pp. 132–144. 

 

60.   Chen, H., L. Cao, and D. B. Logan. Investigation into the effect of an intersection 

crash warning system on driving performance in a simulator. Traffic Injury 

Prevention, Vol. 12, No. 5, 2011, pp. 529–37. 

 

61.   Yan, X., Y. Zhang, and L. Ma. The influence of in-vehicle speech warning timing 

on drivers’ collision avoidance performance at signalized intersections. 

Transportation Research Part C: Emerging Technologies, Vol. 51, Feb. 2015, pp. 

231–242. 

 

62.   Richards, D. C. Relationship between Speed and Risk of Fatal Injury: Pedestrians 

and Car Occupants. 1–41. 

http://www.dft.gov.uk/pgr/roadsafety/research/rsrr/theme5/researchreport16/doc/rs

wp16.doc. 

 

63.   Forbes, G. J., T. Gardner, H. McGee, and R. Srinivasan. Methods and Practices 

for Setting Speed Limits: An Informational Report. Washington, D.C., 2012. 

 

37



Chapter 3:  CRASH DATA ANALYSIS 
 

CHAPTER PREFACE 

This chapter presents the crash data that supports the remaining chapters.  The in-depth analysis 

primarily utilizes data from the Fatality Analysis Reporting System; however, data for all 

occupant injuries and crash severities is presented in Appendix A. This chapter also discusses 

existing school transportation safety initiatives and its potential to improve safety with new 

technological advancements. 

This paper provides the foundation for the remaining chapters on how to address the underlying 

issues of school bus related crashes through the use of advanced transportation systems.   

Content on this chapter was comprised in part of content from the following papers: 

Donoughe, K., Katz, B. Evaluation of Fatal School Bus Related Crashes and Associated 

Crash Characteristics, in: Transportation Research Board 93rd Annual Meeting, Paper 

Number 14-3424. Washington, D.C., 2015, pp. 1–16. 

Donoughe, K., and B. Katz. Evaluation of fatal school bus related crashes and near-term 

crash mitigation strategies. IATSS Research, Vol. 38, No. 2, 2015, pp. 135–141. 

IDENTIFYING THE PROBLEM 

Although research surrounding school bus related crashes is limited, a handful of researchers 

have identified areas of concern surrounding school bus transportation.  These problems 

generally related to the students’ awareness of their own safety and other motorists’ regard for 

school bus loading and unloading laws.   

LACK OF AWARENESS OF STUDENTS AS PEDESTRIANS 

As students exit the bus, they often have to cross the street by walking in front of or behind the 

bus.  In this process, young children sometimes become the victims in school bus related crashes 

in the loading and unloading zone (1).  There are two common cases where students could find 

themselves involved in this type of crash: 

1. Students may dart in front of the bus, unaware of the bus driver’s restricted visibility 

within the ten foot area surrounding the bus.  Due to its nature, this area is often referred 

to as the “danger zone” (2). 

2. If motorists are unaware of the law to stop while buses are stopped, they may illegally 

pass a bus and collide with a child attempting to cross the road. 

 

38



ILLEGAL PASSING OF STOPPED SCHOOL BUSES 

In a survey of school bus drivers in three Florida counties, drivers perceived illegal passing by 

other motorists as the biggest safety problem that faces school transportation vehicles (1).  This 

claim is substantiated by a field study in Florida which identified 10,590 instances of vehicles 

illegally passing 3,427 school buses on a single day.  In that study fifty-six percent of the illegal 

passing maneuvers occurred on 2-lane roads and more than half of those (66%) were by vehicles 

traveling in the opposing lane.  On average, there were 5.9 incidents per bus per day on routes 

that utilized primarily main roads, whereas mostly minor-road routes with light traffic averaged 

3.1 incidents per bus (1).   

Although injuries caused by illegally passing vehicles are rare, reported injuries generally 

involved a pedestrian with serious head injuries and a variety of bone fractures.  Sometimes, 

illegal passing also resulted in sideswipe crashes that caused cosmetic damage to the bus, but few 

occupant injuries or fatalities were reported as a result of those crashes (1).   

KNOWLEDGE GAPS AND UNIQUE RESEARCH CONTRIBUTIONS 

Previous research on school bus crashes are limited to injury and fatality data of school bus 

occupants or provide limited information on the occupants of other vehicles involved (3, 4).  The 

remainder of this paper considers the previously mentioned issues in addition to parsing out 

information on where and under what circumstances school bus related fatal crashes are 

occurring.  Although all the raw data in this paper is publically available, the authors are 

articulating it in manner that has not been done before.  Doing so provides a more complete 

understanding of the problem which could encourage the development and implementation of 

technologies to improve school transportation safety. 

DATA ANALYSIS  

The data for this paper was collected through the National Highway Traffic Safety 

Administration’s (NHTSA’s) Fatality Analysis Reporting System (FARS).  The FARS database 

contains the police-reported information on all fatal crashes in the United States.  It is important 

to note that since FARS only contains data from fatal crashes, less severe crashes are 

underrepresented in the data.   

DATA COLLECTION METHOD 

The data in the following sections presents ten years of fatal school bus related crash data.  The 

timespan (2002-2011) was chosen to ensure a good representation of crashes.  Using a smaller 

sample size would emphasize anomalies in the data; whereas using a larger sample could 

confound the results since older school buses lack the improved vehicle safety devices that have 

become more prevalent in recent years.   

The complete FARS database is organized into three main databases: the crash files, the vehicle 

files, and the person files.  Recent updates to the organization of the system have led to the 

creation of additional sets of information, such as event data, maneuver data, pre-crash data and 
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others, but for the purpose of ensuring consistently available information across the data 

collection period in this paper, only the main three databases were utilized.  These databases 

were linked together through the crash year, case number, and State.  To reduce the size of the 

combined dataset, variables other than the ones presented in Figure 1 were pruned.  Additionally, 

only crashes coded as being “school bus related” were included in the analysis in this paper. 

 

Figure 1: Variables utilized in the crash analysis.  The three databases were linked together 

through the crash year, case number, and state.  Additionally, only crashes indicated as 

being “school bus related” were kept. 

KEY VARIABLE DESCRIPTIONS 

This paper contains two key variables that are important to understand in detail.  For definitions 

or additional information on any of the other FARS variables, reference the FARS, NASS, and 

GES Coding and Validation Manual, available on the Transportation Research Board’s (TRB) 

Transportation Research International Documentation (TRID) website (5). 

Crash Related Fatality 

FARS defines a fatal crash as any crash that leads to the death of at least one person within thirty 

consecutive 24-hour time periods after the crash.  Additionally, the person must have died as a 

result of the injuries incurred from the crash. 

School Buses (School Transportation Vehicles)  

School buses are identified in the variable called “bus use” which is located in the vehicle 

database of FARS.  This variable identifies all types of buses including: public school buses, 

Crash File 

•Crash Year 

•Case Number 

•State 

•Roadway Function 

•Manner of Collision 

•Relation to Roadway 

•School Bus Related 

•Crash Time 

•EMS Notification Time 

•EMS Arrival Time 

•EMS Time at Hospital 

•Number of Fatalities 

 

Vehicle File 

•Crash Year 

•Case Number 

•State 

•Vehicle Number 

•Vehicle Make 

•Vehicle Model 

•Body Type 

•Vehicle Model Year 

•Vehicle Identification 
Number 

•Special Use 

•Bus Use 

•Most Harmful Event 

•Vehicle Configuration 

•Speed Limit 

•Number of Fatalities in the 
Vehicle 

Person File 

•Crash Year 

•Case Number 

•State 

•Person Number 

•Person Type 

•Age 

•Injury Severity 
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private school buses, city buses, charter buses, transit buses, shuttle buses, and other buses that 

have been modified for personal or private use.  More specifically, school buses are vehicles that 

are externally identifiable as a vehicle that transports pupils to and from school (preschool 

through high school).  To be identified as a school bus, the vehicle must be operating for school-

related purposes.  For example, a bus transporting band students to a weekend competition would 

be considered a school bus even though it is not traveling during normal school hours.   

Other vehicle types besides the traditional bus are also classified as school buses if they were 

used as a school transportation vehicle.  For example, a 15-passenger van that is used to transport 

private school students to and from school would be considered a school bus even though it is 

neither a bus nor externally identified as a school bus.  In cases like these, it is the responsibility 

of the reporting law enforcement officer to identify it as a school bus on the crash report.   

School Bus Related Crash 

“School bus related” crashes are defined in the crash file of FARS as a crash involving a school 

transportation vehicle, as described above.  The school bus may be directly involved in the crash 

or it may be included as a non-contact vehicle.  In the latter case, the crash report may have 

indicated that the crash occurred in the vicinity of a school bus and that the school bus was a 

contributing factor to the crash.  For example, a crash may be coded as school bus related if a 

pedestrian was struck by another vehicle while crossing the street after exiting the school bus.  

Another non-contact example of a school bus related crash is if a rear-end crash occurred at the 

end of a queue that was caused by a stopped school bus as it discharged students.  It is important 

to recognize that the coding of non-contact cases is subject to whether or not the reporting police 

officer recognized the school bus’s relation to the crash.  

Due to the way the crashes are coded, unless a bus was in the vicinity of the crash when a crash 

occurred, students that were injured while crossing the street to get to a bus or transit stop were 

not recorded as a bus related fatality.  This indicates that the number of pedestrian fatalities may 

be underestimated in this paper.  

DATA ANALYSIS RESULTS 

SCHOOL BUS RELATED CRASHES 

There is no apparent evidence that the number of school bus related crashes is declining.  Figure 

2 shows the crash trends over the past ten years normalized by the number of school buses used 

each year in the United States.  Although normalizing the data by school bus vehicle-miles 

traveled would have been preferred, there are several inconsistencies in the annual reporting of 

that data, thus making it an unreliable metric. 
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Figure 2: Number of School Bus Related Crashes, Fatalities, and Vehicles Involved in Fatal 

Crashes (per 100,000 School Buses) 

Despite current downward trends in the overall number of fatal crashes in the United States, the 

number of school bus related crashes and fatalities have remained largely stagnant.  When 

normalizing the data with respect to nationwide crash trends, the importance of addressing 

school bus related crashes becomes evident by the upward trend in Figure 3 representing the 

percent of crashes that are related to school buses. 

 

Figure 3: Percent of School Bus Related Crashes with Respect to the Total Number of 

Crashes Nationwide 

 

2002 2003 2004 2005 2006 2007 2008 2009 2010 2011

Vehicles 52.8 52.5 50.9 51.6 55.7 62.3 57.3 42.8 49.1 44.6

Fatalities 28.0 29.8 28.2 28.2 31.2 29.1 31.9 25.3 27.3 26.0

Crashes 25.4 27.4 26.5 26.3 27.0 24.8 28.1 22.3 26.0 23.7
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From 2002 to 2011, there were a total of 1,220 fatal school bus related crashes.  Although school 

bus related crashes generally had only one fatality per crash (usually a pedestrian or non-bus 

vehicle, as discussed later), 7% of the crashes had multiple fatalities (Table 1).  The largest 

number of school bus related crash fatalities occurred in an 80-vehicle crash in 2007 which 

resulted in twelve fatalities.   

Table 1: Number of fatalities per fatal school bus related crash with respect to the 

relationship to the roadway. 

 Year  

Number of 

Fatalities 

Per Crash 

2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 Grand 

Total 

1 112 120 118 118 117 111 122 91 118 104 1131 

2 2 7 6 6 11 8 8 12 4 6 70 

3 2 2 1   1 2 1 1 1 11 

4    1 1  2   1 5 

7 1    1      2 

12      1     1 

Grand 

Total 

117 129 125 125 130 121 134 104 123 112 1220 

 

As expected, a majority of the school bus related fatal crashes occurred between 6am-9am and 

2pm-5pm (Figure 4).  The crashes that occurred outside of the typical school transportation peak 

hours may have been related to school field trips or academic half-days.  Additionally, the 

increased number of fatalities in the afternoon timeframe could correspond to the increased 

demand for school transportation in the afternoon (6). 

 

43



 

Figure 4: Time of day for fatal school bus related crashes. 

Only 60% of the crash files documented the time (hour and minute) in which the crash occurred, 

time that the emergency medical services (EMS) were notified, and the arrival time of the EMS 

crews.  Of those cases, Figure 5 illustrates that approximately half of them had less than a 10 

minute response time (from crash to EMS arrival); 24% had a response time of 10-14 minutes; 

and 29% had a response time of greater than 15 minutes.  Twelve percent of the crashes failed to 

notify the EMS within 10 minutes of the crash and several crashes called for EMS more than an 

hour after a fatal crash.  The extremes of this data range from instant notification of the EMS to a 

delay of two hours between the crash time and notification of the EMS.  Although it seems 

counterintuitive to wait two hours to contact the EMS regarding a fatal crash, the definition of a 

crash related fatality indicates that the person has died within thirty days of the crash.  Therefore, 

in a case with an extended time between the crash time and the EMS notification time, it can be 

assumed that the injured person was not an on-scene fatality. 
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Figure 5: Time elapsed from time of the crash time to the  

notification and arrival of the emergency medical services. 

VEHICLES INVOLVED IN SCHOOL BUS RELATED CRASHES 

There were a total of 2,463 vehicles involved in the 1,220 school bus related crashes.  Forty-

seven percent of those vehicles were being used as school buses (1,158 out of 2,463) as defined 

by FARS.  Most were coded as school buses, but several were large vans or city buses that were 

being used as school transportation vehicles at the time of the crash, thus meeting the FARS 

definition of a school bus (Table 2). 
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Table 2: Bus use (and body type) with respect to number of fatalities per vehicle 

Bus Use and Number of Fatalities Per Vehicle 0 1 2 3 4 7 Grand 

Total 

Not Used as a School Bus 418 815 61 8 2 1 1305 

Used as Public School Bus 816 55 3  2  876 

        School Bus 754 49 2  2  807 

        Large Van – Includes Van-Based Buses 16 4     20 

        Cross-Country/Intercity Bus 17      17 

        Other Bus Type 29 2 1    32 

Used as Private School Bus 22 4 1  1  28 

        School Bus 18 2     20 

        Large Van – Includes Van-Based Buses 4 2 1  1  8 

Used as School Bus, Public/Private Unknown 239 15     254 

        School Bus 195 8     203 

        Large Van – Includes Van-Based Buses 31 5     36 

        Other Bus Type 14 2     16 

Grand Total 1495 889 65 8 5 1 2463 

 

Of all the fatal school bus related crashes, 53% occurred on rural roads and the remaining 47% 

on urban roads (Table 3).  This crash distribution closely mimics the distribution of school-

related transportation trips in rural and urban areas (6).   
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Table 3: Functional class of the roadway on which the crash occurred compared against 

the speed limit of the road. 

  Speed Limit (not recorded 2010-2011)   

 Road Functional Class 0-19 20-34 35-49 50-64 65-79 Unknown Total 

R
u
ra

l 
R

o
ad

s 

Principal Arterial – Interstate    1 33 5 37 

Principal Arterial – Other  2 38 129 47 59 264 

Minor Arterial  6 69 184 34 61 345 

Major Collector  4 57 173 22 57 310 

Minor Collector  9 27 49  8 92 

Local Road or Street 2 40 96 60 2 45 246 

Unknown  1 4    5 

U
rb

an
 R

o
ad

s 

Principal Arterial – Interstate   84 19 33 14 148 

Principal Arterial – Other  4 17 26 6 11 63 

Other Principal Arterial  26 134 47 2 84 283 

Minor Arterial  45 140 41 2 57 280 

Collector  19 47 8  26 101 

Local Road or Street 4 95 71 12  54 239 

Unknown   4   1 5 

 Unknown (Rural or Urban)   3   3 5 

 Grand Total 6 251 791 749 181 485 2463 

 

FATALITIES RESULTING FROM SCHOOL BUS RELATED CRASHES 

As expected, this section demonstrates a higher number of total fatalities compared to the total 

number of school bus related crashes and the associated number of vehicles involved.  Using the 

example case where a vehicle fatally injures a student crossing the street after exiting the school 

bus, this section would include a data point for each person involved in the crash, regardless of 

the person’s injury severity rating.  Although the initial data in Figure 6 presents the total number 

of people involved, most of the subsequent data in this section presents only the fatally injured 

people, including pedestrians, bicyclists, and vehicle occupants. 
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As represented in Figure 6, there were a total of 5,948 people involved in fatal school bus related 

crashes (represented by the largest oval), over half of which were occupants within a school

buses.  Overall, 1,350 people involved incurred fatal injuries, 84 (6.2%) of which were school

bus occupants.  As expected, a majority (65%) of the pedestrians involved in fatal school bus 

related crashes were fatally injured.   

Figure 6: Venn diagram showing selected characteristics of the people involved in fatal 

school bus related crashes. Overlapping ovals represents people that share the 

characteristics of each overlapping oval.  (visual representation, not to scale) 

Fatality Relationships

Total People Involved in Fatal 

School Bus Related Crashes: 5,948

School Bus Occupants: 3,372

Total 

Fatalities: 

1,350

Pedestrians 

Involved:

467

School Bus Occupant 

Fatalities: 84

Pedestrian 

Fatalities: 304
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Out of all the fatalities, 79% were drivers or passengers of a motor vehicle in transport (59% and 

20% respectively).  The remaining 21% were pedestrians, bicyclists, or other non-motorists.  As 

seen in Table 4, 95% of the pedestrian fatalities (including bicyclist and non-motorist) occurred 

on the roadway. 

Table 4: Fatally injured persons with respect to the crash location on the road. 

Relation to Road Driver Passenger Occupant of a 

Motor Vehicle 

Not in Transport 

Pedestrian/ 

Cyclist/ 

 Non-Motorist 

Grand 

Total 

On Roadway 750 255 1                     267 1273 

On Shoulder 10 3  5 18 

On Median 4 2  0 6 

On Roadside 24 12  4 40 

Outside Trafficway 2 1  1 4 

Off Roadway - Location Unknown 3 2  1 6 

In Parking Lane/Zone 1    1 

Continuous Left Turn Lane    1 1 

Unknown 1    1 

Grand Total 795 275 1 279 1350 
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Table 5 demonstrates the characteristics of fatal crash locations with respect to the person who 

was fatally injured.  A majority (62%) of in-vehicle fatalities occurred on rural roads whereas, 

almost three quarters of the pedestrian fatalities occurred on urban roads.  

Table 5: Functional class of the roadway on which the crash occurred with respect to the 

role of the fatally injured person. 

 Relation to Road Driver Passenger Occupant of a 

Motor Vehicle 

Not in 

Transport 

Pedestrian/ 

Cyclist/  

Non-Motorist 

Grand 

Total 

R
u
ra

l 

Principal Arterial –Interstate 11 7  2 20 

Principal Arterial –Other 100 44  5 149 

Minor Arterial 135 48 1 11 195 

Major Collector 117 38  16 171 

Minor Collector 34 10  6 50 

Local Road or Street 85 30  35 150 

Unknown 0 1  1 2 

U
rb

an
 

Principal Arterial –Interstate 29 16  0 45 

Principal Arterial –Other 15 7  6 28 

Other Principal Arterial 94 19  37 150 

Minor Arterial 90 23  49 162 

Collector 29 9  20 58 

Local Road or Street 52 23  89 164 

Unknown 2   1 3 

 Unknown (Rural or Urban) 2   1 3 

 Grand Total 795 275 1 279 1350 

DISCUSSION 

The results of this paper coincide with previous research indicating that school bus occupants are 

at a relatively low risk of fatal injury compared to pedestrians, bicyclists or the occupants of 

other vehicles involved in school bus related crashes (3, 4, 6–9).  Similarly, researchers in 

Sweden have indicated that the occupants of transit buses are safer relative to other modes of 

transportation, however when accounting for pedestrian crashes involving transit riders as they 

travel to and from the station, the crash risk of traveling by bus increases (10).  Applying that 

concept to school bus riders, the risk of being in a crash is highest when school children are 

pedestrians traveling to and from the bus stop; therefore, it is important to consider ways of 

reducing school bus related crashes in addition to reducing pedestrian-related crashes around 

school bus stops.  Although newly installed stop-arm cameras are expected to reduce instances of 

illegal school bus passing, and thus the crashes caused by such activities (11–13), there remains 

untapped potential for designing customized vehicle safety systems and applying pedestrian 

safety initiatives around bus stops to improve overall school transportation safety.  

50



Some of the promising school zone safety initiatives that could easily apply to school bus stops 

include best practices highlighted by the “Human Factors Guideline for Road Systems,” the Safe 

Routes to School Program, and regular safety audits of school bus stops.  The “Human Factors 

Guideline for Road Systems” provides a method for identifying hazardous school crossing 

locations by encouraging designers and traffic engineers to envision safety hazards by acting as 

virtual road users (14).  For example, when heavy fog is present it can be difficult to know where 

the bus will stop because the driver may not be able to see the children waiting at the bus stop. 

Even though the flashing amber bus light is activated, approaching drivers do not know when or 

how far it will be before the bus comes to a complete stop and activates the flashing red lights. 

This creates a road user safety dilemma zone where drivers are uncertain of how they will need 

to behave.  The Safe Routes to School Program, which focuses on improving the safety of 

school-aged pedestrians and bicyclists, recently published a special resource for determining bus 

stop locations (15).  The new guidelines provide school transportation directors with additional 

safety concerns to consider when selecting school bus stop locations such as intentionally 

placing bus stops on roads with lower speeds and minimizing the number of stops along multi-

lane roads.  Building off of the national Road Safety Audit Procedure, the City of Phoenix 

established a subset of questions encouraging counties and school districts to evaluate school 

zone safety (16).  The audits, performed at high-use school crossing locations, focus on 

identifying safety deficiencies such as visibility obstructions (physical or weather-related), 

inadequate space for students to congregate prior to crossing the street, and unusual traffic or 

student conditions that could negatively impact student safety.  While this audit, and others (17, 

18), focus specifically on school zones, the prompts and procedures can be easily modified to 

apply to school bus stop locations by adding prompts that correspond to the guidelines for 

selecting bus stop locations. 

CONCLUSIONS 

Although school buses are often touted as one of the safest modes of transportation, there are still 

many serious injuries and fatalities that result from school bus related crashes.  The data shows 

that the number of fatal crashes has remained nearly constant over the past ten years, despite a 

clear decrease in the total number of fatal crashes in the United States.  This data analysis 

confirms previous research findings that indicate most of the fatal injuries in school bus related 

crashes occur to pedestrians and occupants of other vehicles.  It also emphasizes the need to 

gather more information on crashes involving pedestrians that were traveling to or from the bus 

stop, but that were not coded as school-bus related.  These discoveries may lead to the 

identification of customized vehicle safety systems (such as in-vehicle messages and connected 

vehicle safety systems) that could be implemented to reduce the number of school bus related 

crashes, thus saving and protecting the lives of young children across the country.  However, 

until a new approach has been identified and implemented, existing school transportation safety 

programs, combined with school bus driver training, public awareness, and outreach campaigns 

that draw attention to the dangers of passing stopped school buses, can be used as effective tools 

to help reduce school bus related crashes. 
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Chapter 4:  A SURVEY OF STATED DRIVER BEHAVIOR 

AROUND STOPPED SCHOOL BUSES  
 

CHAPTER PREFACE 

This builds on chapter 3 by evaluating driver behavior around school buses. This chapter 

presents the results of an online survey on stated driving behavior around school buses and 

school bus stops.  The survey presented a variety of scenarios and asked drivers how they would 

behave when approaching a stopped school bus (i.e., stop behind the bus or continue driving) and 

how confident they felt with their decision.  The survey also asked drivers how they behave 

when driving by occupied school bus stops.  The contingency tables and associated statistical 

output is provided in Appendix B.  The purpose of this chapter is to add to the body of literature 

and to support the idea that illegal school bus passing maneuvers are a safety concern that has the 

potential to be improved with advanced communication technology. 

This paper leads to the development of a concept of operations for a connected vehicle system 

that may improve transportation safety by educating drivers about school bus laws, by 

developing a concept for in-vehicle messages about stopped school buses, and by developing a 

concept for how connected or autonomous vehicles may interact with school buses in the future 

of transportation systems to ensure all vehicles and drivers are obeying the school bus laws (e.g., 

stopping as required by when students are loading or unloading from the school bus).   

Content on this chapter was comprised of content from the following papers: 

Donoughe, K., Katz, B., 2015. A Survey of Stated Driver Behavior around Stopped School 

Buses, Under Review in: Transportation Research Part F. Washington, D.C., pp. 1–16. 

 

INTRODUCTION 

Although school bus transportation is often considered one of the safest ways to transport 

students to and from school, parents and school bus drivers are increasingly concerned about the 

safety of their students while they board or alight the vehicle due to vehicles that illegally pass a 

stopped school bus that is loading or unloading students.  Previous research has indicated that 

bus drivers perceived illegal passing by other motorists as the biggest safety problem that faces 

school transportation vehicles (1–3).  More recent data from the one-day national survey on 

illegal passing of school buses indicates that nearly 100,000 school buses were passed by nearly 

76,000 drivers in one day (2).   
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Although some States and school districts have begun to utilize automated stop arm cameras to 

catch drivers who illegally pass a school bus, research indicates that the problem may be deeper 

than simple disobedience.  A survey of Florida motorists in 1998 revealed that drivers did not 

understand their responsibilities pertaining to stopped school bus laws and the associated school 

bus indicators (flashing red lights, flashing amber lights, and retractable stop arm signs) (3).  To 

date, no national studies have evaluated this hypothesis. 

LAWS REGARDING PASSING OF STOPPED SCHOOL BUSES AT SCHOOL BUS STOPS 

The legality of passing a stopped school bus varies based on State legislation.  While all States 

require drivers to stop when approaching a stopped school bus from behind, ninety-percent of the 

States provide exceptions to the stopping rule when the driver is approaching the bus from the 

opposite direction depending on the roadway’s attributes (4).  The most extensive laws require 

drivers to stop for a stopped school bus regardless of roadway type and roadway attributes 

(California, Mississippi, New York, North Dakota, and Rhode Island); however the remaining 45 

States have various exceptions regarding when a driver must stop for a stopped school bus that is 

stopped and loading or unloading students as seen in Figure 1.  More specifically, over half of 

the States allow drivers to pass a stopped school bus when they are traveling in the opposing 

direction on a divided highway regardless of the number of lanes on the roadway.  Eight States 

allow drivers to continue passing a stopped bus when they are traveling in the opposing direction 

on a roadway with four or more lanes, even if the road lacks a physical median or other barrier. 

Other exceptions include a requirement to slow down to 10 mph when approaching a school bus 

that is stopped on the opposite side of a divided highway (New Jersey) and a special rule that that 

specifies drivers are allowed to pass a stopped school bus when they are traveling on a different 

roadway, controlled access highway, and/or stopped in a loading zone where pedestrians may not 

enter the roadway (Alabama, Louisiana, Oklahoma, and Texas). 
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Figure 1: Graphical representation of State exceptions to the stopped school bus law. 

The current study aims to identify nationally-representative deficiencies in drivers’ 

understanding of the laws regarding passing a stopped school bus.  With new insights, 

researchers can develop methods and technologies to improve driver comprehension and reduce 

school bus related crashes of all injury severity levels. 

METHODS 

DATA COLLECTION 

During the course of this study, researchers solicited responses to an online survey regarding 

drivers’ stated behavior around stopped school buses.  The survey was reviewed and approved 

by the Virginia Tech Institutional Review Board (IRB).  Responses were recruited through social 

media posts and via emails.  Respondents were required to be at least 18 years old, current US 

residents, and hold a valid U.S. driver’s license.  Due to the sensitive nature of questioning 

drivers about potentially illegal driving behaviors, the survey respondents remained anonymous. 

The survey remained open for thirty days beginning on December 4, 2014 and closing on 

January 2, 2015.   

SURVEY ITEMS 

In addition to basic demographic information (age group, gender, and State of residence), the 

survey collected data regarding how frequently drivers encounter a stopped school bus that was 

loading or unloading students. 

4+ lanes, undivided

4+ lanes divided

Any divided highway

Other

No Exceptions
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The survey presented drivers with several scenarios in which a vehicle was approaching a 

stopped school bus along a road.  The respondents viewed a diagram and then responded by 

indicating how they would behave in each scenario.  The scenarios covered three basic driving 

situations: 1) encountering a school bus while driving along an undivided four-lane highway, 2) 

encountering a school bus that is stopped at an intersection, and 3) encountering a school bus on 

a divided highway.  Respondents could choose to come to a complete stop before passing the 

bus, come to a complete stop when next to the bus, look for students then proceed with caution, 

or continue driving without stopping or slowing down.  Once they provided their response, they 

were asked to rate their confidence in their maneuver from confident, unsure, very unsure, or 

having no idea.   

Figure 2: Example survey diagram and questions. 
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DATA CODING 

Responses were coded as correct or incorrect based on the State laws in which the respondent 

lives and drives.  An answer was coded correct if the driver chose to stop when they were 

required to stop by law or if they chose to continue driving when they did not need to stop.  In 

some cases, respondents indicated that they should stop when next to the bus when they should 

have stopped before passing the bus.  Due to the overall intent of the school bus stopping laws to 

reduce vehicle-pedestrian conflicts, these cases were coded as correct answers when a driver was 

approaching the bus from behind; however, they were coded as incorrect if a driver was 

approaching from any other direction as stopping next to the bus could interfere with a student 

who is crossing the roadway.  Responses were coded as incorrect if a respondent indicated that 

they would continue driving (whether at the same speed or at a reduced speed) when they needed 

to stop, or if they stopped when they were permitted to continue driving.  In cases where 

respondents indicated that they live in one State, but regularly drive in other States, their home 

State was used to determine the correctness of their response. 

Researchers coded the respondent confidence levels into two groups: confident and unsure.  

These groups were necessary to improve the validity of the statistical analysis since in many of 

the tables only a small number of respondents who chose the “very unsure” and “I have no idea!” 

responses. 

STATISTICAL ANALYSIS 

The researchers performed statistical analyses using SAS JMP on the dataset of completed 

surveys.  The data analysis involved evaluating the overall descriptive statistics to evaluate 

circumstances under which drivers performed appropriately according to their State laws.  

Researchers then analyzed each survey question using two-way contingency tables to determine 

if a relationship exists between a driver’s chosen response (i.e. correct or incorrect maneuver) 

and the driver’s confidence in their answers (i.e. confident or unsure).  Since some of the tables 

resulted in cells with expected values of less than five, Fisher’s Exact test was chosen to test the 

statistical significance of each table.   

PRESENTATION OF THE RESULTS 

The results of this research are presented in two sections.  First, this section describes the 

descriptive statistics of the survey response rates, the descriptive statistics of the overall results, 

and then the results of a survey reliability assessment.  The next section presents the results of 

the individual maneuvers in which the survey presented to the respondents.  These scenarios 

included: encountering a school bus on a four-lane undivided highway, encountering a school 

bus at a four-way intersection, and encountering a school bus on a four-lane divided highway.  

The introduction to each section provides a brief overview of the results.  Detailed information is 

available in the subsequent sub-sections. 
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OVERALL RESULTS OF SURVEY RESPONDENTS 

Over the course of the survey, 237 respondents began the survey with an 86 percent completion 

rate (N=203).  Respondents were permitted to save and return to the survey at a later time; 

however, the survey timed out after 7 days of inactivity.  Only completed surveys were used in 

the data analysis.  Excluding outliers who took greater than one hour to respond (N=10), the 

average respondent took 11 minutes to complete the survey with a median response time of 9 

minutes.  

DEMOGRAPHICS OF SURVEY RESPONDENTS 

As shown in Table 1, out of the completed surveys used in the data analysis, 69.4% were female 

respondents, 28.6% were male respondents, and 2% of respondents declined to provide their 

gender.  Respondents also provided information on their age grouping based on age groupings 

from the United States Census Bureau (5).  The largest response group included individuals 

between 25 and 44 years old (58.1%).  

Table 1: Survey responses by age and gender with respect to National census data (2010). 

  

Count of 

Respondents 

Percent of 

Respondents 

National 

Percent 

Gender Distribution  

Female 141 69.4% 49.1% 

Male 58 28.6% 50.9% 

Prefer not to answer 4 2.0% N/A 

Total 203 100% 100% 

Age Distribution  

18-24 years 28 13.7% 13.0% 

25-44 years 118 58.1% 40.7% 

45-64 years 42 20.6% 29.6% 

65 years and over 14 6.9% 16.7% 

Prefer not to answer 1 0.4% N/A 

Total 203 100% 100% 

 

Respondents reported living and driving in 32 States with a heavy bias towards residents on the 

eastern half of the United States.  Several respondents self-reported driving in more than one 

State, some of which have different laws pertaining when it is legal to pass a stopped school bus 

(e.g. Virginia and Delaware). 

DESCRIPTIVE STATISTICS OF OVERALL RESULTS 

Survey respondents were asked to identify the frequency in which they encounter a stopped bus 

that is loading or unloading students (Table 2).  
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Table 2: Survey responses regarding frequency of encounters with stopped school buses. 

Frequency - Encounter Stopped Bus Count Percent 

More than once per week 56 27.6% 

Approximately once per week 46 22.7% 

Approximately once per month 80 39.4% 

Less than once per year 6 3.0% 

Approximately once per year 15 7.4% 

Total 203 100.0% 

SURVEY RELIABILITY AND QUALITY CONTROL 

Researchers evaluated the reliability of the survey using an alternate-form reliability comparison 

between two scenarios where drivers were expected to respond similarly.  In both scenarios, the 

respondent was indicating how they would react when they approached a stopped school bus 

from behind. Responses were compared for two scenarios: the undivided highway versus the 

intersection approach.  In both cases, drivers were expected to come to a complete stop behind 

the school bus regardless of the driver’s State of residence. 

 

Figure 3: Results of the alternate-form reliability comparison between two similar 

encounters with a stopped school bus. 

As shown in Figure 3, the results indicated a high level of consistency between responses in 

regard to both the chosen driving maneuver (stop, continue driving, etc.) and the confidence in 

the driver’s maneuver. 

Regular Alignment - 

Approach from Behind Confident

Unsure, but it 

feels like the 

right choice.

Very 

unsure

I have 

no idea!

Grand 

Total

Come to a complete stop before 

you have passed the bus 133 14 1 148

Come to a complete stop when 

next to bus 16 7 23

Look for students, then proceed 

with caution 11 13 1 25

Continue driving, no need to stop 

or slow down 5 2 7

Grand Total 165 36 1 1 203

Regular Alignment - 

Approach from Behind Confident

Unsure, but it 

feels like the 

right choice.

Very 

unsure

I have 

no idea!

Grand 

Total

Come to a complete stop before 

you have passed the bus 138 18 1 157

Come to a complete stop when 

next to bus 16 8 24

Look for students, then proceed 

with caution 6 6 2 14

Continue driving, no need to stop 

or slow down 4 2 2 8

Grand Total 164 34 2 3 203
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OVERALL RESULTS OF THE DRIVING MANEUVERS 

The following sub-sections provide the detailed results of the respondents’ chosen maneuvers 

when approaching a stopped school bus along a roadway.  There are several key trends in the 

results.  First, survey respondents indicated confusion about the proper legal maneuvers on 

undivided roads, four-way intersections, and divided highways.  Second, when drivers were 

unsure about how to respond to the scenario, they were more likely to choose the incorrect 

response.   

Considering all survey scenarios involving a school bus encounter, respondents chose the 

appropriate behavior 61.6 percent of the time.  By scenario, respondents responded most 

appropriately to the scenarios involving undivided and divided highways (both with 75 percent 

correct behaviors), although they were less confident of their responses when they encountered 

scenarios on divided highways (68 percent confident) compared to undivided highways (77 

percent confident).  The intersection scenarios resulted in the lowest percent of correct behaviors 

(56 percent correct behaviors), however these scenarios were also associated with the lowest 

percent of confident answers (63 percent confident). 

SCHOOL BUS ENCOUNTER ON A FOUR-LANE UNDIVIDED HIGHWAY 

The survey queried drivers on their behaviors when approaching a school bus along a four-way 

undivided highway.  All State laws require drivers to stop for a stopped school bus when 

approaching the school bus from behind (Figure 4a); however, Delaware, Illinois, Iowa, 

Kentucky, Missouri, Ohio, South Dakota, and Washington do not require drivers to stop when 

approaching from the opposite direction since the roadway is at least four lanes wide (Figure 4b) 

(4).   

(a)  (b) 

Figure 4: Survey scenarios for encountering a stopped school bus on a four-lane undivided 

highway from behind (a) and from the opposite direction (b). 

As seen in Table 3 and Figure 5, 16% (N=32 out of 203) survey respondents indicated 

performing in a manner that violated the law of their home State when approaching the bus from 

behind and 33.5% (N=68) indicated illegal behavior when approaching the bus from the opposite 

side of travel.  Drivers were more confident in their responses when they were approaching the 

bus from behind (81.3%, N=165) compared to approaching the bus from the opposite direction 

(72.9%, N=148). 
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Overall, 25% of respondents provided answers that directly violated the law when approaching a 

stopped school bus along a four-lane highway and 23% of the respondents were unsure of their 

maneuvers.  In both scenarios, the two-way contingency table analysis indicated that drivers who 

were unsure about their answers were more likely to answer incorrectly compared to drivers who 

were confident in their response (𝑃𝑟𝑜𝑏 < 0.0001 for both scenarios).   

Table 3: Summary of survey responses pertaining to the undivided highway scenarios. 

Number 

Description of Encounter Correct Incorrect Confident Unsure Percent 

U
n
d
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ed
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ig
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w
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E
n
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u

n
te

rs
 

Undivided Highway - Same Side  
171 32 165 38 

84% 16% 81% 19% 

Undivided Highway – Opposite Side 
135 68 148 55 

67% 33% 73% 27% 

TOTAL 306 100 313 93 

Percent of Total 75% 25% 77% 23% 

 

 

Figure 5: Histogram of incorrect responses to the undivided highway scenarios. 

SCHOOL BUS ENCOUNTER AT A FOUR-WAY INTERSECTION  

The survey queried drivers on their behaviors when approaching a school bus from each 

direction of a four-way intersection.  Most State laws and/or driver’s education handbooks 

indicate that vehicles must stop for a stopped school bus at an intersection regardless of the 

direction of travel or type of traffic control device.  For example, drivers are required to stop for 

Regular Alignment Scenario
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a stopped school bus at a signalized intersection just as they would be required to stop for a 

stopped school bus along the main road at a two-way stop-controlled intersection. 

As seen in Figure 6, drivers have a higher percentage of incorrect stopping behavior when they 

are maneuvering away from the school bus (such as making a right turn from approach 3 or a left 

turn from approach 4).  These two turning maneuvers had the highest percentages of stopping 

responses.  Drivers who approached the school bus from behind were more likely to behave 

correctly (i.e., less likely to be have incorrectly).   

 

Figure 6: Percentage of incorrect responses for each intersection approach based on the 

State laws of each respondent’s main residence. The shaded orange block on approach one 

represents the location where the bus is stopped. 

 

As seen in Table 4 and Figure 7, the survey respondents were less confident in their behavior 

around stopped school buses at approaches 2, 3, and 4 (cumulative average of 42.3% unsure 

responses, N=773 out of 1827) compared to approach 1 (cumulative average of 20.7% unsure, 

N=126 out of 609). 
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Table 4: Summary of survey responses pertaining to the intersection scenarios. 

Number 

Description of Encounter Correct Incorrect Confident Unsure Percent 
In

te
rs

ec
ti

o
n

 E
n
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u
n
te

rs
 

Intersection Approach 1 - Overall 91.1% 8.9% 79.4% 20.6% 

    Intersection Approach 1 - Through  
181 22 164 39 

89% 11% 81% 19% 

    Intersection Approach 1 - Left 
177 26 156 47 

87% 13% 77% 23% 

    Intersection Approach 1 - Right  
197 6 163 40 

97% 3% 80% 20% 

Intersection Approach 2 - Overall 91.1% 8.9% 79.4% 20.6% 

    Intersection Approach 2 - Through  
80 123 110 93 

39% 61% 54% 46% 

    Intersection Approach 2 - Left  
133 70 118 85 

66% 34% 58% 42% 

    Intersection Approach 2 - Right  
37 166 115 88 

18% 82% 57% 43% 

Intersection Approach 3 - Overall 41.1% 58.9% 56.3% 43.7% 

    Intersection Approach 3 - Through  
113 90 127 76 

56% 44% 63% 37% 

    Intersection Approach 3 - Right  
28 175 108 95 

14% 86% 53% 47% 

    Intersection Approach 3 - Left 
137 66 125 78 

67% 33% 62% 38% 

Intersection Approach 4 - Overall 45.8% 44.2% 57.6% 42.4% 

    Intersection Approach 4 - Through 
105 98 105 98 

52% 48% 52% 48% 

    Intersection Approach 4 - Right  
107 96 137 66 

53% 47% 67% 33% 

    Intersection Approach 4 - Left 
67 136 109 94 

33% 67% 54% 46% 

TOTAL 1362 1074 1537 899 

Percent of Total 56% 44% 63% 37% 
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Figure 7: Histogram of the incorrect responses for the intersection scenarios. 

The following sections provide the statistical analysis to determine the relationship between 

stopping maneuver and confidence level of drivers’ responses to each intersection approach. 

Intersection Approach 1 

Regardless of intersection maneuver (through, right turn, left turn), 91.1% of respondents 

indicated a correct behavior when approaching a stopped school bus from intersection approach 

number one (N=555 out of 609).  The highest percent of correct responses is attributed to the 

right turn maneuver (97.0%, N=197 out of 203).  Driver uncertainty in these three scenarios from 

were low (20.6%, N=126 out of 609) with the highest uncertainty for the left-turn maneuver 

(23.2%, N=47 out of 203).   

In each of these scenarios, Fisher’s Exact test indicates that respondent answers are independent 

of their confidence in the maneuver (𝑃𝑟𝑜𝑏 < 0.0001 for through maneuver; 𝑃𝑟𝑜𝑏 = 0.0012 for 

right turn maneuver; 𝑃𝑟𝑜𝑏 = 0.0012 for left turn maneuver) indicating that drivers are more 

likely to respond incorrectly when they are unsure of their answers versus when they are 

confident of their responses. 

Intersection Approach 2 

Regardless of intersection maneuver (through, right turn, left turn), 41% of respondents indicated 

a correct behavior when approaching a stopped school bus from approach number two at the 

intersection (N=250 out of 609).  Only 18.2% of drivers (N=37 out of 203) responded correctly 

to the right-turn scenario for this approach.  Driver uncertainty in these scenarios were high 

(43.7%, N=266 out of 609) with the highest uncertainty for the through intersection maneuver 

(46%, N=93).   
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Through Movement 11% 44% 61% 48%

Left Turn Movement 13% 33% 34% 67%
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In each of these scenarios, Fisher’s Exact test indicates that respondent answers are independent 

of their confidence in the maneuver (𝑃𝑟𝑜𝑏 < 0.0001 for through maneuver; 𝑃𝑟𝑜𝑏 = 0.0023 for 

right turn maneuver; 𝑃𝑟𝑜𝑏 < 0.0001 for left turn maneuver) indicating that drivers are more 

likely to respond incorrectly when they are unsure of their answers versus when they are 

confident of their responses. 

Intersection Approach 3 

Regardless of intersection maneuver (right turn, left turn, through), 45.6% of respondents 

indicated a correct behavior when approaching a stopped school bus from approach number three 

at the intersection (N=278 out of 609).  Only 13.8% of drivers responded correctly to the right-

turn scenario for this approach (N=28 out of 203).  Driver uncertainty in these scenarios were 

high (40.1%, N=249 out of 609) with the highest uncertainty for the right turn intersection 

maneuver (46.8%, N=95).   

In each of these scenarios, Fisher’s Exact test indicates that respondent answers are independent 

of their confidence in the maneuver (𝑃𝑟𝑜𝑏 = 0.0003 for through maneuver; 𝑃𝑟𝑜𝑏 = 0.0101 for 

right turn maneuver; 𝑃𝑟𝑜𝑏 < 0.0001 for left turn maneuver) indicating that drivers are more 

likely to respond incorrectly when they are unsure of their answers versus when they are 

confident of their responses. 

Intersection Approach 4 

Regardless of intersection maneuver (right turn, left turn, through), 45.8% of respondents 

indicated a correct behavior when approaching a stopped school bus from approach number four 

at the intersection (N=279 out of 609).  Only 33.0% of drivers responded correctly to the left-

turn scenario for this approach (N=67 out of 203).  Driver uncertainty in these scenarios were 

high (42.4%, N=258 out of 609) with the lowest uncertainty for the right-turn intersection 

maneuver (32.5%, N=66 out of 203).   

In each of these scenarios, Fisher’s Exact test indicates that respondent answers are independent 

of their confidence in the maneuver (𝑃𝑟𝑜𝑏 < 0.0001 for through maneuver; 𝑃𝑟𝑜𝑏 = 0.0003 for 

right turn maneuver; 𝑃𝑟𝑜𝑏 < 0.0001 for left turn maneuver) indicating that drivers are more 

likely to respond incorrectly when they are unsure of their answers versus when they are 

confident of their responses.. 

SCHOOL BUS ENCOUNTER ON A DIVIDED FOUR-LANE HIGHWAY 

The survey queried drivers on their behaviors when approaching a school bus from the opposite 

direction of a divided highway.  Most States exempt drivers from stopping for stopped school 

buses in these scenarios, however, five States still require drivers to stop when the bus is loading 

or unloading students (California, Mississippi, New York, North Dakota, and Rhode Island).   
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             (a)               (b)                (c) 

Figure 8: Survey scenarios for encountering a stopped school bus on a four-lane divided 

highway with a concrete barrier (a), a grassy median (b), and a grassy median with a left-

turn lane (c). 

Overall, as seen in Table 5 and Figure 9, 75% of drivers (N=454 out of 603) indicated the correct 

stopping behavior when approaching a stopped school bus from the opposite direction along a 

divided highway.  Over 70% of drivers felt confident in their stopping behavior when a concrete 

barrier (N=155 out of 201) or grassy median (N=145 out of 201) separated them from the bus; 

however, only 55% (N=112 out of 201) of drivers were confident in their maneuvers in the 

presence of a grassy median with a left turn lane.   

Table 5: Summary of survey responses with respect to the divided highway scenarios. 

Number 

Description of Encounter Correct Incorrect Confident Unsure Percent 
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Divided Highway - Concrete Barrier*  
151 50 155 46 

74% 25% 76% 23% 

Divided Highway - Grassy Median  
157 44 145 56 

77% 22% 71% 28% 

Divided Highway - Grassy Median with 

Turn Lane*  

146 55 112 89 

72% 27% 55% 44% 

TOTAL 454 149 412 191 

Percent of Total 75% 25% 68% 32% 

* These scenarios did not support the hypothesis that correct responses are statistically related to feeling confident 

that the maneuver is the legally correct choice. 

67



 

Figure 9: Histogram of the incorrect responses for the intersection scenarios. 

The following sections provide the statistical analysis to determine the relationship between 

stopping maneuver and confidence level of drivers’ responses to each divided highway scenario. 

Divided Highway with Concrete Barrier 

Seventy-five percent of respondents indicated a correct behavior when approaching a stopped 

school bus from the opposite direction of a divided 4-lane highway with a concrete barrier 

(N=151 out of 201).  Driver uncertainty in this scenarios was low (22.9%, N=46 out of 201) 

compared to the uncertainty of the intersection-related scenarios. 

In this scenario, the data accepts the null hypothesis (𝑃𝑟𝑜𝑏 = 0.2103) of the right-sided Fisher’s 

Exact test indicating that, for this scenario, the correctness of respondent answers is unrelated to 

their confidence in their maneuver.   

Divided Highway with Grassy Median 

78.1% of respondents indicated a correct behavior when approaching a stopped school bus from 

the opposite direction of a divided 4-lane highway with a grassy median (N=157 out of 201).  

Driver uncertainty in this scenarios was low (27.9% of respondents were unsure; N=56 out of 

201) compared to the uncertainty of the intersection-related scenarios, but drivers were more 

uncertain about this scenario compared to the divided highway with a concrete barrier. 

The right-sided Fisher’s Exact test indicates that respondent answers are independent of their 

confidence in the maneuver (𝑃𝑟𝑜𝑏 = 0.0101) indicating that drivers are more likely to respond 

incorrectly when they are unsure of their answers versus when they are confident of their 

responses. 

Divided Highway Scenarios
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Divided Highway with Grassy Median and Paved Left Turn Lane 

72.6% of respondents indicated a correct behavior when approaching a stopped school bus from 

the opposite direction of a divided 4-lane highway with a grassy median (N=146 out of 201).  

Driver uncertainty in this scenarios was high (44.3% of respondents were unsure; N=89 out of 

201) compared to the uncertainty of the other two divided highway scenarios. 

In this scenario, the data accepts the null hypothesis (𝑃𝑟𝑜𝑏 = 0.1581) of the right-sided Fisher’s 

Exact test indicating that, for this scenario, the correctness of respondent answers is unrelated to 

their confidence in their maneuver.   

DISCUSSION 

The results of this survey identify a relationship between driving behavior around stopped school 

buses and driver confidence in their decision to stop for a school bus or continue driving.  

Generally, survey respondents who were confident in their driving maneuvers often provided the 

legally appropriate response to the school bus encounter; however, drivers often act counter to 

the laws when they are uncertain of how they are required to behave when they encounter a 

stopped school bus. When drivers behave inappropriately they introduce a variety of safety 

concerns along the roadway including potential vehicle-pedestrian crashes and crashes caused by 

unexpected stopping or slowing.   

Survey respondents had the opportunity to provide any additional comments related to the school 

bus survey.  This provided additional insight into the survey trends including personal 

admissions of uncertainty regarding the laws and evidence of extra cautious driving behaviors.   

UNCERTAINTY OR CONFUSION ABOUT THE SCHOOL BUS STOPPING LAWS 

Many of the free-responses indicated that drivers are uncertain or confused about how to react to 

stopped buses.  Several respondents admitted that they did not know the laws or that they could 

only remember some of the rules regarding when to stop.  Respondents also indicated that they 

often responded based on their intuition rather than based on knowledge of State laws; however, 

one of the survey respondents demonstrated knowledge that the stopping laws sometimes vary 

by State. 

Many of the respondents expressed confusion about how to react to a school bus during the 

intersection scenarios.  They felt that their driving maneuvers were dependent on the type of 

intersection traffic control.  Although most school transportation professionals discourage 

placement of school bus stops at intersections, educating the public on how to interact with 

stopped buses at intersections is still important to reducing potential conflicts near stopped 

school buses.  Educational materials may take a variety of different forms including educational 
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brochures, social media campaigns, and entertaining videos (such as the Lego-inspired bicycle 

safety videos produced by the City of Edmonton
1
). 

EXTRA CAUTIOUS DRIVING BEHAVIOR 

The open-ended survey responses led some respondents to elaborate on their driving behavior 

around stopped school buses.  Those drivers indicated that they exercise extreme caution 

(“always slow down” or “always stop”) around stopped school buses because children are often 

unpredictable.  While cautious driving behaviors such as watching for children are applauded, 

stopping when it is not necessary can lead to crashes with other vehicles who were not expecting 

to stop.   

CONCLUSIONS 

School bus transportation is considered to be one of the safest forms of transporting students to 

and from school; however, illegal driving behavior around stopped school buses puts students 

and other road users in danger of being involved in a school bus related crash.  Previous research 

indicated that school bus drivers were concerned about the frequency of illegal passing 

maneuvers; however, the focus of improving compliance has mostly focused on issuing warnings 

and citations for drivers who perform these maneuvers. The results of this survey indicate that 

driver behavior around stopped school buses is incorrect 25% of the time along undivided four-

lane highways, 44% at intersection approaches, and 25% along divided highways.  Incorrect 

responses include drivers who pass a school bus illegally or stop when they are not required to 

stop.  In general, drivers who answered with incorrect driving maneuvers were often unsure of 

their responses, thus indicating that driver education could provide an additional benefit towards 

improving the safety of students while loading or unloading from a school bus. 

Current methods to improve driver compliance around stopped school buses includes county or 

State public education initiatives as well as implementation of automated stop arm enforcement 

programs to prosecute drivers who illegally pass stopped school buses.  Additional research is 

being performed by the Virginia Tech Transportation Institute to establish a connected vehicle 

system that will improve knowledge of and compliance to stop arm laws.   

  

                                                

1
 www.edmonton.ca/transportation/cycling_walking/cycling-video-gallery.aspx 
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Chapter 5:  OPERATIONAL SCENARIOS FOR THE SCHOOL 

BUS STOP ALERT APPLICATION 
 

CHAPTER PREFACE 

This chapter uses the content from the literature review (chapter 2) and the driver behavior 

survey (chapter 4) to develop a concept of operations for how a school bus related safety 

application could operate in a fully connected environment.  The ConOps identifies different 

features, functionality, and operational scenarios in which the application can improve school 

bus safety. 

The next chapter (chapter 6) uses the premise of this ConOps to evaluate whether an in-vehicle 

message could improve driver awareness of a stopped school bus along the roadway.  Chapter 7 

builds upon this concept by breaking the implementation of the connected vehicle messaging 

system into near-term, intermediate-term, and long-term approaches.   

Content on this chapter was comprised in part of content from the concept of operations which 

was overseen by Dr. Bryan Katz and published as part of the final UTC project report for 

Virginia Tech Transportation Institute. 

Donoughe, K., A. Alden, and B. Mayer. Final Report on Reducing School Bus/Light-

Vehicle Conflicts through Connected Vehicle Communications. Blacksburg, Virginia, 

2015. 

 

CONCEPT FOR THE PROPOSED SYSTEM 

The school bus stop alert (SBSA) system, as described in this section, acts as a stand-alone 

connected vehicle application that aims to improve student safety as they wait at bus stops, load 

and unload a school bus, and travel on a school bus.  The researchers acknowledge that the 

capabilities of this application may overlap with other connected vehicle applications such as 

forward collision warnings and stopped vehicle ahead. 
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Figure 1: Schematic of the SBSA 

With the SBSA system, messages will be relayed between school buses and other surrounding 

vehicles via connected vehicle technology. Connected-vehicle communications, particularly 

dedicated short-range communications (DSRC), could be used to provide surrounding traffic 

with in-vehicle notifications of the stopped bus. Such a system could prove particularly effective 

when the bus is stopped over a hill or around a blind curve.  Figure 1 demonstrates a basic 

schematic of the possible communications that are shared between school buses and approaching 

vehicles.  This message will likely be contained within the second part of the BSM.  Although 

the message may be attached to the BSM, each automobile must be equipped with the 

technology to read and process the information required for the SBSA. 

This system operates on the assumption that roadside devices are strategically placed along the 

roadside in a manner that facilitates seamless communication between vehicles even when 

vehicles or objects are otherwise obscured.  In the case of the actuated roadside sign, the system 

assumes that a school bus is equipped with an onboard device which can communicate directly 

with the sign and activate flashing beacons once a bus is in the vicinity.  The in-vehicle safety 

messages operate under the assumption that each vehicle receives a message via their onboard 

safety equipment.   

The figures and tables in the following sections were modeled, in part, after the information 

available in the Connected Vehicle Reference Implementation Architecture (1). 

DIAGRAMS OF ENTERPRISES THAT INTERACT WITH THE SBSA 

Figure 2 depicts the required relationships between organizations and enterprises who may be 

involved in the system installation within school buses and non-school bus vehicles.  This 

includes relationships between vehicle manufactures, onboard equipment manufacturers, and the 
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mobile component system.  The figure shows the roles of which enterprises own, operate, and 

develop the system in addition to information on which agreements are likely to be required in 

the development and installation of this connected vehicle application.  The key point within this 

figure is that many layers of coordination will be required between all vehicle and component 

manufacturers to ensure a well-functioning and reliable system. 

 

Figure 2: Enterprise Relationships for System Installation 
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Figure 3 depicts the required relationships between organizations who may be involved in the 

operation of the system between school buses and non-school bus vehicles.  Similar to the 

system installation diagram in Figure 2, this figure depicts relationships between vehicle owners, 

drivers, and onboard equipment devices.  For example, a vehicle’s driver may be the vehicle’s 

owner or may have an agreement with the vehicle’s owner to operate the vehicle.  The vehicle 

itself includes a piece of onboard equipment (OBE) which includes the vehicle to vehicle basic 

safety messages and bus stop notification application.  There are other implied, written, or verbal 

agreements between the vehicle owner and the usage of the OBE as well as an agreement 

between the vehicle owner and the basic safety message and bus stop application.  Similar 

agreements exist within the school bus fleet owners, school bus drivers, and school bus OBE 

manufacturers. 

 

Figure 3: Enterprise Relationships for System Operation 
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Figure 4 depicts the required relationships between organizations who may be involved in the 

maintenance of the SBSA system on school buses and non-school bus vehicles.  This includes 

relationships and agreements between vehicle owners, vehicle manufacturers, the mobile 

component system, and onboard equipment devices.  In general, the vehicle or fleet owner is 

provided with warranties and maintenance agreements between the vehicle OBE manufacturer 

and application provider.  The mobile component maintenance and development system owns 

and operates the application which has been provided to the vehicle or fleet owners.  As with the 

previous figures, inherent agreements provide manufacturers access to vehicle data which is 

required to process the applications.   

 

Figure 4: Enterprise Relationships for System Maintenance 
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Figure 5 depicts the required relationships between organizations who may be involved in the 

certification of the SBSA system.  This includes relationships between Federal and State 

regulations and certification requirements.  

In this figure, the application component certification requirements represent the functionality, 

performance, and operational environment in which a connected vehicle application must 

operate.  The connected SBSA application is constrained by these requirements.  These 

requirements are governed by the application certification entity which determines which 

applications may be deployed and operated within the connected vehicle environment.  The 

application certification entry is comprised of members that represent federal and state 

regulations as well as vehicle manufacturers.   

A similar process occurs with the vehicle OBE.  The devices have their own set of device 

certification requirements that are governed by a device certification entity that is composed of 

federal and state regulations, vehicle manufacturers, and OBE manufacturers. 

 

Figure 5: Enterprise Relationships for System Certification 
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DIAGRAMS OF THE FUNCTIONAL PROPERTIES OF THE SBSA 

Table 1 demonstrates the required functionality of the SBSA.  These represent the needs of the 

system and the content that the application requires in order to process whether or not to display 

a SBSA message. 

Table 1: Functional Properties Required of the SBSA 

Needs for the System Required Content 

Needs to warn nearby vehicles of bus 

location and behavior 

Shall determine vehicle location 

Shall determine and communicate the 

status of the stopped bus (i.e., the bus is 

stopped on the road with its stop sign 

extended and its red strobe lights flashing) 

Needs to advise each vehicle whether or 

not it is required to stop 

Shall determine other vehicles’ projected 

path via current position and trajectory data 

Shall acquire road geometry data from the 

road geometry database or from a roadside 

device 

Shall call upon State laws and exceptions 

pertaining to passing a stopped school bus 

with its stop sign extended and its red 

strobe lights flashing 
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DIAGRAM OF PHYSICAL OBJECTS THAT PROVIDE FUNCTIONALITY 

Figure 6 depicts the relationships and interactions between the physical elements that work 

together to produce SBSA messages.   

Figure 6: Conceptual view of the physical system interactions 

USER INTERFACE SYSTEM 

The applications described within this ConOps rely on up to two forms of user notifications: 

external roadside notifications and internal driver notifications.  It is anticipated that in the near 

term, the connected vehicle system will mostly rely on communication with the roadside 

infrastructure.  Several of the applications described in this ConOps are expected to interact with 

roadside devices, such as existing roadside signs which may activate flashing beacons when a 

particular operational scenario occurs.  For example, an existing “School Bus Stop Ahead” sign 

may display flashing lights when a school bus passes the sign as its preparing to stop.   

With the exception of the actuated roadside “School Bus Stop Ahead” sign, all of the proposed 

applications contain specific in-vehicle messages that are expected to be displayed on the 

driver’s in-vehicle messaging and/or navigational system.  As described in the next section of 

this chapter (Operational Scenarios), some of these messages may involve user interaction.  For 

example, a passenger vehicle driver may receive a message that indicates they are in the vicinity 
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of a school bus.  That driver may choose to either acknowledge and dismiss the message or they 

may choose to seek additional information related to the message, such as laws regarding passing 

of a stopped school bus or the bus’s direction of travel.   

The visual-based in-vehicle notifications may also be accompanied by an auditory signal to draw 

the driver’s attention to the message or to direct the driver’s attention toward the hazard.  The 

auditory signal is only intended to be used during imminent or cautionary collision warnings and 

may include simple tones, earcons, and auditory icons as described in the Human Factor’s 

Insights and Lessons Learned on Crash Warning System Interfaces (2). 

OPERATIONAL SCENARIOS 

This section provides scenarios in which a SBSA would be expected to relay information to 

other vehicles and for other vehicles to relay information to a school bus.   It covers scenarios 

under which a bus currently stops and how this system would be used in those operational 

scenarios.  

In each of the operational scenarios below, the application will follow a set algorithm to 

determine whether or not the driver will receive a warning message.  In general, these steps are 

as follows:  

1. Connected vehicles broadcast position and telemetry data to locate a vehicle’s 

position relative to a nearby school bus or school bus stop. 

2. The application checks the status of the school bus’s stop arm and red strobe lights to 

determine if students are loading or unloading from the bus. 

3. If the stop arm is extended and red strobe lights are flashing (implying that the 

vehicle is stopped and loading or unloading students), the algorithm obtains detailed 

roadway data to determine the geometric characteristics of the roadway. 

a. Vehicles which are approaching the school bus from behind are required to 

stop until the bus resumes moving. 

b. Vehicles at intersections are also required to come to a complete stop until the 

bus resumes moving. 

c. Vehicles which are approaching the school bus from the opposing direction 

may or may not be required to stop depending on the characteristics of the 

roadway with respect to the State laws.   

d. Vehicles moving in the same direction as the school bus are not required to 

stop if the vehicle is already ahead of the school bus.   
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4. Drivers of other vehicles will receive a variety of messages or warnings when they 

are approaching a stopped school bus. 

a. Drivers will receive an informational message when students are waiting at a 

school bus stop on the roadside. 

b. Drivers will receive an informational message when they are driving in the 

vicinity of a school bus. 

c. Drivers will receive a warning when they are approaching a stopping or 

stopped school bus, especially in situations where the bus or students may be 

obscured from view due to roadside obstacles or inclement weather (such as 

heavy fog). 

d. Drivers will receive an imminent collision warning when their time-to-

collision with a school bus indicates that a collision is likely.  This warning is 

most frequently expected when a vehicle is approaching a stopped bus at a 

school bus stop or railroad crossing. 

e. Drivers will receive an informational message to inform and educate them 

when they violate state laws for passing a stopped school bus. 

The distances in which a driver receives an alert may vary based on environmental conditions 

such as time of day, weather condition, and other road conditions. 

A complete listing of the types of the operational scenarios can be found in the Concept of 

Operations in the appendix.  The scenarios presented below are the scenarios that directly pertain 

to the context of this dissertation.  The wording of the messages is likely to be modified as the 

SBSA system is developed and tested. 

OPERATIONAL SCENARIO #1: MESSAGES PRESENTED TO VEHICLES APPROACHING AN 

OCCUPIED SCHOOL BUS STOP  

Table 2 lists the messages that a driver may receive as they approach an occupied school bus 

stop.  The intent of these messages are two-fold: (1) to inform drivers that there may be children 

on the roadside and (2) to indicate that they should decrease their speed to increase student 

safety. 
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Table 2: Message that an occupied school bus stop may relay to nearby vehicles  

Type of Information  Example Message/Visual 

Display 

Example Audible Alert 

School Bus Stop Ahead 

 Children near roadside 

 Reduce Speed 

In-vehicle message 

Flashing beacon on 

existing school bus stop 

ahead signs 

none 

 

This system may use a video feed and image detection software to passively determine the 

presence of students waiting at a bus stop.  If students are detected, the system activates the 

flashing beacon on the roadside signs or it sends the connected vehicle message to be displayed 

inside the driver’s vehicle.   

The system reduces the speed limit in the area surrounding the bus stop in order to improve 

pedestrian survivability in case of a crash.  While it is expected that some locations may not 

require speed reductions, such as neighborhoods with implied speed limits of 20 mph or under, 

other bus stop locations on high-speed and/or high-volume roads may greatly benefit from this 

system. 

The method for determining when to dispense these messages or activate roadside devices is as 

follows: 

1. Application determines the presence of students at a bus stop using video feed and 

image detection software. 

2. A positive reading of students waiting at the designated bus stop initiates the 

“Children on Roadside” message set.   

3. The roadside devices receive indications to activate flashing beacons or to reduce 

speed limits in the vicinity. 

4. Vehicles with connected vehicle capabilities broadcast telemetry data which is used 

by the roadside device to determine whether drivers are within the area of influence 

and should receive the in-vehicle message. 

a. All vehicles within a small radius of the bus stop will receive a message that 

children may be near the roadside.   
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b. If a speed limit reduction is in effect, vehicles within this radius may also

receive a message to inform drivers of a new speed limit or advisory speed.

c. Vehicles which are approaching the bus stop may receive a more specific

message that they are approaching an occupied school bus stop.

OPERATIONAL SCENARIO #2:  MESSAGES FROM SCHOOL BUSES TO OTHER VEHICLES IN 

THE VICINITY 

Table 3 lists the messages school buses may send other vehicles when they are within the 

vicinity of a school bus. The primary point of these messages is to inform drivers that a school 

bus is in the area and they should be alert and prepared to stop if needed.   

Table 3: Message school bus may relay to other vehicles when a school bus is in the vicinity 

Type of Information Example Message/Visual 

Display 

Example Audible Alert 

School bus in the area 

 School bus may stop to pick up

or drop off children.

 Direction of travel

 Information regarding stopping

laws

 Hidden school bus ahead

(contingent on known sight

restriction)

“School Bus in the 

Vicinity” 

none 

This message is distributed when a driver is within the vicinity of a school bus regardless of 

direction of travel or whether the school bus is stopping or stopped.  Drivers may acknowledge 

the message to dismiss it, or they may choose to ask the system to provide more information 

such as its direction of travel and information regarding the school bus passing laws within the 

State. 

The method for determining when to dispense these messages is as follows: 
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1. Connected school bus broadcasts telemetry and vehicle type data to roadside devices 

and/or other vehicles.   

2. Other vehicles with connected vehicle capabilities broadcast telemetry data which is 

used by the roadside device to determine whether drivers are within the area of 

influence and should receive the in-vehicle message. 

a. All vehicles within a specified radius of the bus stop will receive a message 

that they are traveling in the vicinity of a school bus. 

b. This radius will be selected in order to provide the driver with enough time to 

respond to the message described in the next step without endangering the 

safety of the driver, pedestrians, or other vehicles in the vicinity. 

3. Drivers that receive a message are provided with the option to acknowledge and 

dismiss the message or to seek additional information. 

a. Should the driver dismiss the message, they will not receive additional 

warnings when they reenter the radius of the same school bus or enter the 

radius of another school bus unless significant time has passed. 

b. Should the driver seek additional information, the driver may navigate the in-

vehicle driver interface to determine the bus’s direction of travel or to explore 

state requirements for when they are required to stop for a stopped school bus. 

c. If the roadside device indicates that the driver is traveling along a road with 

significant sight restrictions, the message may include a warning that the 

school bus may be obscured from view. 

OPERATIONAL SCENARIO #3:  MESSAGES FROM SCHOOL BUSES STOPPED AT BUS STOPS 

TO APPROACHING VEHICLES  

Table 4 lists the messages school buses may send other vehicles. The primary point of these 

messages is to alert drivers that a school bus is stopping or stopped ahead, in particular when 

views are obstructed. Such warnings could also include alerts that kids are loading/unloading the 

bus and may be crossing the street.  
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Table 4: Messages school bus may relay to other vehicles when a school bus is at a bus stop 

Type of Information Example 

Message/Visual Display 

Example Audible Alert 

School bus ahead – presented when 

approaching drivers have a restricted 

line of sight 

In-vehicle message 

Flashing beacons on an 

existing “School Bus 

Stop Ahead” sign 

None 

School bus is stopped ahead – 

presented when approaching drivers 

have a restricted line of sight 

 Include alert that students are

loading/unloading the bus

and may be crossing the

street.

In-vehicle message None 

Imminent collision warning – 

approaching driver is not reducing 

speed and thus may collide with the 

bus or a child on the road. 

In-vehicle message Auditory alert 

Stopping law violation In-vehicle message that 

allows driver interaction 

There are three stages of this message that drivers may experience.  The first stage is a 

cautionary collision warning that considers whether the bus is stopped or in the process of 

stopping as indicated by the dynamic properties of the school bus and the status of the amber and 

red flashing lights on the rear of the school bus.  This message is especially pertinent for drivers 

who may have a restricted view of the bus.  The second stage of this message is an imminent 

collision warning for drivers who are on track for a collision with a school bus or potentially a 

student who is loading or unloading from the school bus.  It is expected that this alert may 

overlap with some of the capabilities of other forward collision warning systems.  The third and 

final stage of this message is an informational message for drivers who have performed an illegal 

maneuver by passing a stopped school bus with its red lights flashing and its stop sign extended. 

Drivers who receive this message may dismiss it or choose to receive extra information on the 

violation.  This informational message is contingent on the ability for the SBSA to receive 

geometric roadway information on the road in which the school bus was stopped. 
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The method for determining when to dispense these messages or activate roadside devices is as 

follows: 

1. Connected school bus broadcasts telemetry, vehicle type data, and stopping indicators 

(amber flashing lights, red flashing lights, and extended stop arm) to roadside devices 

and/or other vehicles.   

2. Roadside devices or receivers on “School Bus Stop Ahead” signs receive data from the 

school bus and evaluate whether to dispense the “School Bus Stop Ahead” message 

based on the status of the amber flashing lights, red flashing lights, and stop arm. 

a. If the amber lights are flashing and the school bus is not near a railroad crossing, 

the message is disseminated and the flashing beacons on the roadside signs are 

activated.   

b. If the red lights are flashing and the stop arm is extended, the message is 

disseminated and the flashing beacons on the roadside signs are activated. 

c. The message is not disseminated when a school bus stops with its ambers on at a 

railroad crossing.   

3. Other vehicles with connected vehicle capabilities broadcast telemetry data which is used 

by the roadside device to determine whether the drivers are within the area of influence 

and should receive the in-vehicle message. 

a. All vehicles within a specified radius of the bus stop will receive a message that 

there is a stopped school bus ahead. 

4. Should the approaching vehicle not display an intent to stop (i.e., the time-to-collision is 

below an acceptable value), the driver will receive an imminent collision warning.   

5. Should the driver violate the laws pertaining the legality of passing a stopped school bus, 

the driver will receive an informational message indicating that they have violated the 

law by passing a stopped school bus.  In this case, the driver may acknowledge and 

dismiss the message or seek additional information regarding the violation. 

SUMMARY AND CONCLUSIONS 

This chapter presents the concept of operations for a proposed connected vehicle application 

related to driver behavior around stopped school buses.  The school bus stop alert system is 

intended to perform as an independent application that aims to improve student safety as they 

wait at bus stops, load and unload a school bus, and travel on a school bus.  This section presents 

diagrams to depict the enterprise interactions, functional properties, and overall user interface 

system.  Additionally, three operational scenarios were discussed in detail: 
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1. Messages presented to vehicles approaching an occupied school bus stop 

2. Messages from school buses to other vehicles in the vicinity 

3. Messages from school buses stopped at bus stops to approaching vehicles 

This system has the potential of improving safety around stopped school buses, but more 

research is needed prior to designing and implementing the system. 
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Chapter 6:  EVALUATING DRIVER RESPONSES TO IN-

VEHICLE “SCHOOL BUS STOPPED AHEAD” MESSAGES AND 

EQUIVALENT ROADSIDE SIGNING  
 

CHAPTER PREFACE 

This chapter primarily uses the content from the literature review (chapter 2) and the concept of 

operations (chapter 5) to study the effect of presenting drivers with an in-vehicle warning that 

they are approaching a stopped school bus.  The study involved designing the full experiment, 

collecting the naturalistic driving data, and analyzing the data.   

The positive results of this study led to the development of a multi-stage approach to 

implementing this type of technology (chapter 7).  The multi-stage approach expands on the 

original concept of operations (chapter 5) and focuses on how to implement similar school bus 

related messages in the near term (with V2I technology), in the intermediate-term (with a mix of 

V2I and V2V technology), and in the long-term (with autonomous driving technology).  

Content on this chapter was comprised of content from the following papers: 

Donoughe, K., B. Mayer, A. Alden, and B. Katz. 2016. Evaluating Driver Responses to In-

vehicle “School Bus Stopped Ahead” Messages and Equivalent Roadside Signing in: 

Transportation Research Board Annual Meeting, Paper Number 16-4062. Washington, D.C., 

pp. 1–20 

 

INTRODUCTION 

School bus transportation is considered one of the safest modes of travel to and from school (1–

6); however, school buses often stop unexpectedly along the roadway leading to potentially 

dangerous speed differentials with other vehicles.  This is especially salient when the bus is 

stopped outside the driver’s field of view such as along roads with blind curves or hills.  Road 

designers and school transportation professionals aim to create a bus stop environment that 

provides students with a safe, visible place to wait for their bus, but placing bus stops along 

curvy or hilly terrain is sometimes unavoidable.   
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CURRENT STATE OF THE PRACTICE 

The current state of practice for dealing with obscured bus 

stops involves placing a fluorescent yellow-green “School 

Bus Stop Ahead Sign” according to the following guidance 

from the Manual on Uniform Control Devices (MUTCD) (7):  

“The School Bus Stop Ahead sign (S3-1 in Figure 1)  

should be installed in advance of locations where a 

school bus, when stopped to pick up or discharge 

passengers, is not visible to road users for an 

adequate distance and where there is no opportunity 

to relocate the school bus stop to provide adequate 

sight distance.”  

While the guidance provides some direction as to when 

school bus stop signs are to be used, they are simply 

recommendations, not requirements.  Additionally, these 

signs, as described, provide no indication of active school bus 

presence or of the anticipated loading schedule which leaves 

drivers uncertain as to whether or not they may encounter a 

school bus.   

Previous versions of the “School Bus Stop Ahead” sign, seen 

in Figure 2, may still exist at some locations as text with a 

yellow background (8).  These former signs often exist along 

the same roads as the newer signs and could confuse drivers 

about whether both signs are valid, thus creating a safety 

concern if drivers ignore the sign because they believe it to be 

irrelevant.  

RESEARCH OBJECTIVES 

The objectives of this project were to develop and evaluate a system for improving driver 

awareness around school buses and school bus stops within a Connected Vehicle environment.  

This research, a follow-on to the development of a concept of operations (ConOps) for in-vehicle 

school bus stop alerts (9), evaluates drivers’ responses to observing a school bus around a curve 

after receiving an in-vehicle “School Bus Stopped Ahead” message and after passing similar 

static roadside signing.  The focus of the research is to identify when driver behavior becomes 

statistically different from driving the curves without a school bus present. 

CURRENT GUIDELINES AND RESEARCH ON IN-VEHICLE WARNING MESSAGE TIMING 

The Human Factors Guideline for Collision Warning System Interfaces provides guidance for 

disseminating in-vehicle collision warning messages (10).  These guidelines base collision 

Figure 1: Sign S3-1 in the 

MUTCD “School Bus Stop 

Ahead”  

Figure 2: Previous version of the 

“School Bus Stop Ahead” 

(Replaced by the sign in Figure 1 

in the 2009 MUTCD, although 

many road signs have not been 

upgraded.) 
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warning timing on expected driver response time and deceleration levels.  The messages should 

be deployed in a manner that allows drivers enough time to receive the message and respond 

appropriately.   

A majority of the existing body of literature focuses on collision warning timing rather than non-

imminent warning messages.  In 2002, research performed by the University of Iowa evaluated 

driver behavior after receiving collision warning messages.  The findings indicated that early 

deployment of collision warning messages were preferable because they allowed drivers to have 

lower levels of deceleration compared to late message deployment (11).  Researchers at 

Loughborough University confirmed those findings in a 2004 study (12).   They found that 

earlier timing (alert presented within 0.05 seconds of a decelerating vehicle) allowed drivers to 

have a more timely response to an imminent collision waring compared to middle or late timing 

(alert presented 0.6 and 1.0 seconds, respectively) after detecting a decelerating vehicle).  

Additionally, the researchers identified that drivers lost their trust in the warning message when 

the warnings were presented after the drivers had initiated a braking maneuver (13).  A recent 

study looked at the timing of intersection collision warnings and concluded that intersection 

collision warnings provided the best driver responses when they were deployed at 4.0-4.5 

seconds prior to a potential collision (14). 

The guidelines and current research studies provide helpful data related to imminent collision 

warning timing, however there are gaps in the research in terms of the timing of non-emergency 

messages such as a warning of a stopped school bus ahead when a collision is not imminent.  

The previously mentioned sources were used as guidance for developing the message 

deployment time in this study. 

METHODS 

Twenty-nine naïve subjects, counterbalanced by age and gender
1
, completed an on-road study to 

investigate drivers’ response to two types of school bus stop indicators.  Along the route, each 

driver encountered two experimental conditions that were intermixed within a variety of other 

roadside signs and in-vehicle messages.  The experimental conditions included: 

1. Encountering a stopped school bus after passing a static roadside “School Bus Stop 

Ahead” sign 

2. Encountering a stopped school bus after receiving an in-vehicle message indicating a 

“School Bus Stopped Ahead” 

For each experimental condition, a yellow school bus was positioned at the bus stop following all 

appropriate steps to indicate that it was picking up or dropping off students (i.e., the flashing 

amber lights were activated when approaching the stop and the flashing red lights were activated 

                                                 

1 Participants were grouped into “younger” (20-35 years old) and “older” (50-65 years old) age groups.  There were 

8 younger males, 7 younger females, 7 older males, and 7 older females.   

90



 

 

when the door opened and the stop arm extended).  Researchers recorded drivers’ responses to 

the experimental conditions using an in-vehicle data acquisition system (DAS) (15).  In 

particular, the DAS allowed researchers to track when the in-vehicle message was displayed 

synchronously with the driver’s behaviors and vehicle speed profile.  Researchers used recorded 

video to identify landmarks as visual references for location of the initial point of driver 

recognition of the “School Bus Stop Ahead” roadside sign.  The video also provided evidence to 

identify the time at which drivers first observed the bus. Researchers used these time-based 

inputs in combination with the collected vehicle speed and acceleration profile to evaluate the 

driver’s driving behaviors during the encounters with the experimental conditions.  Researchers 

determined vehicle jerk by calculating the rate of change of acceleration with respect to time. 

ON-ROAD EXPERIMENTAL DESIGN 

Prior to driving the test route, researchers displayed three sample in-vehicle messages for the 

participants to view: a trail crossing sign, a 35 mph speed limit sign, and the in-vehicle school 

bus message with associated audio tone.  By showing these messages in advance, this reduced 

the novelty effect of the messaging system and minimized unintended consequences caused by 

startling participants.   

The test route consisted of two laps around a 14.8 mile circuit through residential and 

commercial areas with a variety of speed zones, several blind curves, and a school zone.  The 

drivers were instructed to operate at the posted speed limit, abide by all traffic laws, and only 

view the in-vehicle message screen when they felt it was safe to do so. 

As the drivers followed the route, their in-vehicle display emulated various features of a 

connected vehicle system by presenting posted speed limits, trail crossing warnings, and road 

narrowing warnings.  In cases where the drivers were required to come to a complete stop in 

accordance with the message, the message was displayed sufficiently in advance to allow the 

driver to come to a safe and controlled stop based on the standard assumptions of the American 

Association of State Highway and Transportation Officials (AASHTO) stopping distance 

equation (16). 

During each lap, drivers encountered each experimental condition twice, although the bus was 

only present at two of the four bus stop locations.  Figure 3 shows the locations of the four bus 

stops where the yellow (lighter) shapes show the bus stops on lap one and blue (darker) shapes 

show the bus stops on lap two.  Participants were randomly assigned to experience either Lap 1 

or Lap 2  first.  Bus stops one and four (diamond shapes) had existing text-based roadside 

“School Bus Stop Ahead” signs (Figure 2) whereas drivers received an in-vehicle message 

(Figure 4) at Bus Stops 2 and 3. 

91



Figure 3: Experimental test route showing the locations of Bus Stops. 

Table 1: Summary of test route and bus stop characteristics to show each curve’s 

characteristics relative to the other curves. 

Experimental 

Condition 

Bus 

Stop 

Posted 

Speed 

Limit 

Curve 

Advisory or 

Delineation 

Number 

of Lanes 

Type of 

Curve 

Approximate 

Curve Radius 

Approximate 

Sight Distance 

R
o
a
d

si
d

e 
S

ig
n

 

1 Not 

posted 

(55 mph) 

25 mph curve 

advisory speed 

2 Spiral 

curve 

335 feet 200 feet 

4 25 mph “Curve 

Ahead” 

pavement 

marking 

2 Spiral 

curve 

225 feet 250 feet 

In
-v

eh
ic

le
 

M
es

sa
g

e 

2 35 mph 30 mph curve 

advisory speed 

2 Compound 

curve 

250 feet 250 feet 

3 55 mph Chevron curve 

delineators 

2 Spiral 

curve 

600 feet 450 feet 
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STATIC “SCHOOL BUS STOP AHEAD” ROADSIDE SIGN 

Along the test route, drivers passed existing “School Bus Stop Ahead” road signs placed along a 

horizontal curve that preceded a school bus stop location.  Researchers reviewed the participant’s 

driving behavior to determine if the existing signage caused drivers to increase their awareness 

of the potential presence of a bus ahead.  During the experimental condition for the roadside 

sign, drivers encountered a confederate school bus once they traversed the curve.  This is 

intended to replicate the conditions under which these signs were anticipated to operate.   

For comparison purposes, researchers also reviewed drivers’ behaviors as the drivers passed 

through the same area of interest when a bus was not present.  This replicates the conditions in 

which the sign provides information that is irrelevant or unnecessary.  This data allowed the 

researchers to determine the participants’ typical driving behavior when traveling these curves 

when they were not affected by a stopped school bus. 

IN-VEHICLE SCHOOL BUS STOP AHEAD WARNING MESSAGE 

At pre-determined locations with horizontal curve related sight restrictions, drivers received in-

vehicle messages which indicated that there was a school bus stopped ahead.  In order to limit 

any unintended consequences of distracting the driver while traversing a curve, the messages 

were deployed along the tangent section of roadway that leads into the curve.  The message 

deployment accommodated up to a 3.0 second reaction time before the driver entered the next 

curved segment of the road.  These messages began with an auditory alert tone which was 

subsequently accompanied by an image of the current MUTCD-approved “School Bus Stop 

Ahead” sign with “Stopped Ahead” below the image 

(Figure 4).  The locations where drivers were presented 

with the in-vehicle message were separate from existing 

roadside “School Bus Stop Ahead” signing.  

Researchers monitored driving behavior each time a 

participant passed through the curves associated with this 

experimental condition regardless of whether the current 

trial displayed an in-vehicle message.  Since many of the 

curves along this route had curve advisory speed warnings, 

monitoring driving behavior allowed researchers to 

establish a baseline behavior around each curve to compare 

against the driver’s behavior when the in-vehicle message 

was presented.  

VEHICLE INSTRUMENTATION 

The experimental test vehicle, a customized 2013 Buick LaCrosse, was equipped with a Savari 

MobiWAVE S102 connected vehicle transceiver, a VTTI NEXTgen DAS, and an ASUS 

wireless transceiver.  The DAS collected a variety of vehicle dynamic data including, but not 

limited to: vehicle (global positioning system (GPS) location, speed, 3-axis acceleration, and 

Figure 4: In-vehicle message 

pertaining to a stopped school 

bus ahead. 
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throttle position.  The associated timestamps as well as continuous audio and video were 

recorded.  

The test vehicle was also equipped 

with an in-vehicle information system 

that was capable of displaying visual 

messages and corresponding audible 

tones during driving events.  The 

display system was mounted above the 

center instrument stack, obscuring the 

vehicle’s built-in infotainment system 

(Figure 5). 

DATA PROCESSING AND ANALYSIS 

Researchers reviewed data at a rate of 

10 Hz corresponding to vehicle speed, 

longitudinal acceleration, and jerk 

during the 30 seconds before and 60 

seconds after an experimental 

condition or baseline condition.  To 

reduce noise in the data, each data 

array (epoch) was smoothed using a Savitzky-Golay filter (17). 

The analysis of the results followed a within-subject design.  Since researchers aimed to analyze 

participants’ uninhibited responses, results that were obviously influenced by the presence of 

other vehicles (e.g., following or otherwise affected the presence of another vehicle) while within 

the area of interest were not included in the analysis.  As a result, each bus stop has a unique 

combination of usable data epochs across varying participants. For example, a participant may 

have an acceptable bus-present and baseline pairing for the first three bus stops, but they may 

have been following a slow-moving vehicle during the baseline condition at the fourth bus stop.  

In this case, the participant’s records were included in the analysis of Bus Stops 1, 2, and 3, but 

not Bus Stop 4.  Altogether, 22 participants had usable sets of data at Bus Stop 1, 21 at Bus Stop 

2, 17 at Bus Stop 3, and 16 at Bus Stop 4. 

Researchers used the forward video camera recording to determine the time at which each driver 

was first able to see the stopped school bus.  Any driver whose time-to-bus-observation was 

outside of two standard deviations from the mean bus observation time was removed from the 

dataset as an outlier. However, this only accounted for elimination of one participant’s school 

bus encounter.  

The data for each bus stop were then compared between the bus-present condition and the 

baseline condition.  For the purposes of this paper, the temporal speed, acceleration, and jerk 

Figure 5: The interior of the test vehicle showing the 

message display interface. 
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data from each usable participant at each bus stop were averaged together using the time of bus 

notification (time = 0 in the figures within the results section) as a common point to align all 

participant data profiles.  The averaged data were evaluated for statistical significance at each 

deci-second using a paired Student’s t-test (𝛼 = 0.05) (18, 19).  As required by the paired t-test, 

each sample satisfies the following requirements: use of matched pairs of data, normally 

distributed data with equal variance, and no significant outliers.  Additionally, the statistical 

variance of the data falls within commonly accepted values for naturalist data collection around 

curved road segments (20).  The data presented in the results section presents the t-statistic in the 

form of txx.  This is meant to indicate the t-statistic based on xx observations. 

RESULTS 

In general, driver responses to in-vehicle messages and roadside signs were statistically different. 

Comparison of the bus-present and baseline results are presented by variation in speed, 

longitudinal acceleration, and jerk, respectively. Due to the differences in curve characteristics 

and approach speeds (see Table 1 above), the authors did not perform direct quantitative 

comparison of the responses to in-vehicle messages versus the roadside signs, believing the 

results of which would be confounded by characteristics that were out of the researcher’s control 

(e.g., curve radius, available sight distance, curve advisory speed, etc.).  

The following sections present data averaged across all usable participants at each bus stop.  The 

presented figures contain two vertical lines to assist the reader in identifying pertinent 

information.  The black line at zero seconds represents the time in which the drivers received an 

in-vehicle or roadside indication of a school bus stop ahead.  The yellow vertical line represents 

the time in which drivers first saw the school bus during the bus-present conditions.   

COMPARING AVERAGE VEHICLE SPEED PROFILES 

Data trends indicate that drivers reduce their speeds at a much greater rate and magnitude after 

receiving a school bus related in-vehicle message versus a roadside sign.  

Roadside Signs 

As expected, vehicle approach speeds between the bus-present and baseline roadside sign 

conditions were statistically similar within five seconds before and after the “School Bus Stop 

Ahead” sign.  This indicates that there was little variation in vehicle speeds, regardless of 

whether a bus was present after the sign, because until they see the bus the conditions are exactly 

the same.  Slight speed reductions are exhibited near both bus stop signs, however these 

reductions appear to be consistent with curve-related speed reductions corresponding to the 25 

mph (11.2 m/s) design speed of the curves. 

At Bus Stop 1, the average speed profile began to diverge approximately 2.5 seconds after the 

first bus observation (𝑡22 𝑎𝑡 6.3 𝑠𝑒𝑐𝑜𝑛𝑑𝑠 =  −1.966, 𝑝 = 0.031).   

95



Similarly, the average speed at Bus Stop 4 began to diverge approximately 1.8 seconds after the 

bus observation (𝑡16 𝑎𝑡 5.5 𝑠𝑒𝑐𝑜𝑛𝑑𝑠 =  −0.804, 𝑝 = 0.048).

Figure 6: Comparison of average speeds approaching the bus stops indicated via roadside 

sign.  (Bus Stop 1 on left, Bus Stop 4 on right) 
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In-vehicle Messages 

Overall, average driver behavior indicates a statistical difference in speeds within 3.5 seconds 

after the deployment of an in-vehicle message indicating a school bus is stopped ahead.   

At Bus Stop 2, the average vehicle speed prior to the message deployment was slightly higher 

than the baseline condition by approximately 0.3 m/s. However this difference was not 

statistically significant.  The t-tests indicated statistical divergence in speeds between the bus-

present and baseline conditions starting at 3.4 seconds after the message deployment 

(𝑡21 𝑎𝑡 3.4 𝑠𝑒𝑐𝑜𝑛𝑑𝑠 =  −1.764, 𝑝 = 0.046). 

The average vehicle speed at Bus Stop 3 began to statistically diverge between the bus-present 

and baseline conditions starting at 3.2 seconds after participants received the in-vehicle message 

(𝑡17 𝑎𝑡 3.2 𝑠𝑒𝑐𝑜𝑛𝑑𝑠 =  −1.740, 𝑝 = 0.050).   

 
Figure 7: Comparison of average speeds approaching the bus stops indicated via in-vehicle 

message. (Bus Stop 2 on left, Bus Stop 3 on right) 

While the in-vehicle messages appear to have a delayed effect on average vehicle speed, the 

statistical difference of average deceleration and jerk (in the next two subsections) provide 

evidence that drivers reacted to the in-vehicle messages quickly even though the overall effect in 

the change of speed is not immediately evident.   
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COMPARING AVERAGE LONGITUDINAL ACCELERATION PROFILES 

The data trends in the following sections show that drivers noticeably decelerate after receiving 

an in-vehicle message.  There is little evidence of similar behavior after passing a roadside 

“School Bus Stop Ahead” sign.   

Roadside Signs 

As expected, average longitudinal acceleration profile was statistically similar during the bus-

present and baseline conditions at roadside signs until after drivers observed the bus.  In both 

roadside sign conditions, average longitudinal acceleration profile became statistically different 

approximately one second after the participants observed the school bus. 

Average acceleration profile at Bus Stop 1 was statistically insignificant until 0.9 seconds after 

the driver observed the bus and began decelerating (𝑡22 𝑎𝑡 4.7 𝑠𝑒𝑐𝑜𝑛𝑑𝑠 =  −2.063, 𝑝 = 0.026).   

At Bus Stop 4, the average acceleration profiles between the bus-present and baseline conditions 

began to diverge approximately 0.3 seconds after the first bus observation (𝑡16 𝑎𝑡 5.0 𝑠𝑒𝑐𝑜𝑛𝑑𝑠 =

 −2.557, 𝑝 = 0.005).  While the acceleration data demonstrated statistical significance starting 

at 3.0 seconds after the “School Bus Stop Ahead” sign (𝑡16 𝑎𝑡 3.0 𝑠𝑒𝑐𝑜𝑛𝑑𝑠 =  −1.894, 𝑝 =

0.038), it should be noted that in both cases the drivers were accelerating along the roadway and 

the magnitude of the acceleration is not practically relevant.   

 
Figure 8: Comparison of average longitudinal acceleration profiles approaching the bus 

stops indicated via roadside sign. (Bus Stop 1 on left, Bus Stop 4 on right) 
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In-vehicle Messages 

In general, drivers demonstrated statistically higher decelerations less than 1.5 seconds after 

receiving the in-vehicle message.  While the general shape of the acceleration profile mimics the 

accelerations and decelerations of the baseline conditions, the average driver exhibited more 

caution after receiving the in-vehicle message as evidenced by a lower magnitude acceleration 

profile.   

At Bus Stop 2, the t-tests indicated statistical difference in the average longitudinal deceleration 

between the bus-present and baseline conditions starting at 1.0 seconds after the message 

deployment (𝑡21 𝑎𝑡 1.0 𝑠𝑒𝑐𝑜𝑛𝑑𝑠 =  −1.728, 𝑝 = 0.049).  Using the acceleration profile as a 

surrogate measure of driver caution, as participants progressed along this curvy section of the 

route, there is evidence of increased caution as they approach each curve that precedes the curve 

with the staged bus encounter. 

Similarly, the t-tests indicated statistical difference in the average longitudinal deceleration 

between the bus-present and baseline conditions at Bus Stop 3 starting at 1.3 seconds after the 

message deployment (𝑡17 𝑎𝑡 1.3 𝑠𝑒𝑐𝑜𝑛𝑑𝑠 =  −1.776, 𝑝 = 0.047).  Since Bus Stop 3 was a high-

speed bus stop in a non-posted speed zone (maximum speed limit of 55 mph (24.6 m/s)), drivers 

decelerated during the bus-present and baseline conditions as they approached the upcoming 

curve; however, drivers decelerated at a higher rate when they received the in-vehicle message 

(as described in the following section). 

 
Figure 9: Comparison of average longitudinal acceleration profiles approaching the bus 

stops indicated via in-vehicle message. (Bus Stop 2 on left, Bus Stop 3 on right) 
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COMPARING AVERAGE JERK PROFILES 

The data trends indicate that drivers’ jerk is different from the baseline condition immediately 

after receiving an in-vehicle message.  As expected, the roadside sign condition remained very 

similar to the baseline condition until drivers viewed the stopped school bus.  

Roadside Signs 

As expected, the data indicate that there is very little difference in jerk between the bus-present 

and baseline conditions prior to observing the stopped school bus.  Once the drivers observed the 

bus, their average jerk value became statistically different within one tenth of a second.  The 

minimum jerk value, indicating the most severe change in deceleration, occurred approximately 

one second after observing the stopped bus.   

At Bus Stop 1, the t-tests indicated statistical difference between the bus-present and baseline 

conditions starting at 0.1 seconds after the average time of the first bus observation 

( 𝑡22 𝑎𝑡 3.9 𝑠𝑒𝑐𝑜𝑛𝑑𝑠 =  −1.133, 𝑝 = 0.037 ).  The minimum average jerk (-0.0304 m/s
3
) 

occurred 1.1 seconds after observing the bus.  In Figure 10, this is observed as the local 

minimum after the bus visual. 

At Bus Stop 4, the t-tests indicated statistical difference between the bus-present and baseline 

conditions starting at 0.1 seconds after the average time of the first bus observation at this bus 

stop (𝑡16 𝑎𝑡 4.8 𝑠𝑒𝑐𝑜𝑛𝑑𝑠 =  −1.828, 𝑝 = 0.043).  The minimum average jerk (-0.0244 m/s
3
) 

occurred 1.0 seconds after observing the bus.   

 
Figure 10: Comparison of average jerk approaching the bus stops indicated via roadside 

sign. (Bus Stop 1 on left, Bus Stop 4 on right) 

At both bus stops, there was evidence of statistically lower rates of acceleration prior to 

observing the bus; however, these variations in jerk were numerically small (less than 0.01 m/s
3
) 

and likely not of practical significance.  
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In-vehicle Messages 

After receiving an in-vehicle message that indicated a stopped school bus ahead, drivers 

demonstrated a nearly immediate reduction in jerk indicating a higher rate of deceleration 

compared against the baseline conditions. 

At Bus Stop 2, the t-tests indicated statistical difference in the average jerk between the bus-

present and baseline conditions starting at 0.1 seconds after the message deployment 

( 𝑡21 𝑎𝑡 0.1 𝑠𝑒𝑐𝑜𝑛𝑑𝑠 =  −1.810, 𝑝 = 0.042 ).  This statistical difference in jerk lasted 

approximately 2 seconds ( 𝑡21 𝑎𝑡 2.1 𝑠𝑒𝑐𝑜𝑛𝑑𝑠 =  −2.695, 𝑝 = 0.007 ) until the jerk profiles 

converged again.  The average minimum jerk value (-0.024 m/s
3
) occurred 0.8 seconds after the 

message deployment, at which point the rate of change of acceleration became positive again.     

At Bus Stop 3, the t-tests indicated statistical difference in the average jerk between the bus-

present and baseline conditions starting at 0.6 seconds after the message deployment 

(𝑡18 𝑎𝑡 0.6 𝑠𝑒𝑐𝑜𝑛𝑑𝑠 =  −1.892, 𝑝 = 0.038)  and lasting approximately 0.3 seconds 

(𝑡18 𝑎𝑡 0.9 𝑠𝑒𝑐𝑜𝑛𝑑𝑠 =  −1.784, 𝑝 = 0.046) until the jerk profiles converged again.  The average 

minimum jerk value (-0.05 m/s
3
) occurred 0.8 seconds after the message deployment.   

 
Figure 11: Comparison of average jerk approaching the bus stops indicated via in-vehicle 

message. (Bus Stop 2 on left, Bus Stop 3 on right) 

Researchers believe that drivers decelerated at a higher rate after the message deployment at Bus 

Stop 3 because their approach speed was higher compared to the approach speed of Bus Stop 2.   

Both bus stops also demonstrate a statistical difference in jerk prior to observing the stopped 

school bus.  This propagates the inference that drivers operated the vehicle with increased 

caution when rounding a curve after they received a warning about a stopped school bus ahead.   

SUMMARY OF RESULTS 

Table 2 provides a summary of the results comparing average reduction of speed, longitudinal 

deceleration, and jerk between the bus-present conditions and baseline conditions.
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Table 2: Summary of Average Results Comparing Differences in Driver Behaviors in Bus-present versus Baseline Conditions  1 

Condition Bus 

Stop 

Average Driving 

Speed at 

Sign/Message 

Time of Bus 

Observation 

Speed Profile Deceleration 

Profile 

Jerk Profile 

(before bus 

observation) 

Jerk Profile 

(after bus 

observation) 

R
o
a
d

si
d

e 
S

ig
n

 

1 14.25 m/s 

𝜎 = 1.82 

3.8 seconds 

after the sign 

𝜎 = 0.41 

Statistically 

significant 

starting at 2.5 

seconds after 

bus observation 

Statistically 

significant starting 

at 0.9 seconds 

after bus 

observation 

Not relevant 

before bus 

observation 

Statistically 

significant 0.1-

3.3 seconds after 

bus observation 

4 12.52 m/s 

𝜎 = 0.77 

4.7 seconds 

after the sign 

𝜎 = 0.25 

Statistically 

significant 

starting at 1.8 

seconds after 

bus observation 

Statistically 

divergent 

behaviors starting 

at 0.3 seconds 

after bus 

observation
2
 

Not relevant 

before bus 

observation
1
 

Statistically 

significant 0.1-

3.4 seconds after 

bus observation 

In
-v

eh
ic

le
 M

es
sa

g
e 

2 14.30 m/s 

𝜎 = 1.41 

17.4 seconds 

after the in-

vehicle 

message 

𝜎 = 2.25 

Statistically 

significant 

starting at 3.2 

seconds after 

message 

Statistically 

significant starting 

at 1.0 seconds 

after message 

Statistically 

significant 0.1-

2.0 seconds after 

message 

Statistically 

significant 0.0-

2.9 seconds after 

bus observation 

3 18.35 m/s 

𝜎 = 2.42 

12.7 seconds 

after the in-

vehicle 

message 

𝜎 = 2.52 

Statistically 

significant 

starting  at 3.3 

seconds after 

message 

Statistically 

significant starting 

at 1.3 seconds 

after message 

Statistically 

significant 0.6-

0.9 seconds after 

message 

Statistically 

significant 3.0-

4.5 seconds after 

bus observation 

                                                 

2 Statistical significance between the bus and baseline conditions was found prior to this time, however it was not deemed to be of practical relevance. 
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LIMITATIONS 

This experiment was limited by the researchers’ ability to create an on-road test route that 

contained two existing roadside signs and could support the staging of two additional 

school bus stops along a curvy roadway for in-vehicle message presentation.  As a result 

of this limitation, the roadside sign locations and in-vehicle message locations were not 

perfect matches in terms of curve characteristics and approach speeds.  

To minimize driver risk, researchers deployed the in-vehicle message along a straight 

segment of the roadway allowing for a conservative 3.0 seconds reaction time before the 

driver enters the next curved segment of the roadway.  This led to much higher interval 

between the message deployment and first observation of the stopped bus.  The findings 

presented herein indicates that drivers reacted almost immediately to the message (within 

one second) indicating that the message would still be effective when deployed within a 

closer proximity to the school bus.  

Direct comparisons of roadside sign versus in-vehicle message responses are not advised 

due to the limitations of this dataset.  To accomplish this comparison, it is advised to 

design an experiment that utilizes curves with equivalent or similar approach speeds and 

horizontal curve characteristics. 

This study, as a naturalistic experiment with innovative treatments, is subject to novelty 

and observer (Hawthorne) effects (21).  The novelty of this experiment, in particular, may 

result in overrepresentation of the longer-term comparative benefit of one treatment over 

another.  In recognition of the potential impact to the findings, the research team made 

every reasonable effort to design and perform experimentation with methods intended to 

minimize the impact of these effects. 

CONCLUSIONS 

This research project aimed to evaluate drivers’ response to an in-vehicle “School Bus 

Stopped Ahead” message and to similar roadside signing.  Drivers traversed a test route 

that contained four bus stops.  Two bus stops had roadside “School Bus Stop Ahead” 

signing whereas the other two bus stops were indicated by an in-vehicle message that 

warned of a stopped school bus ahead.  Drivers drove past each bus stop location twice: 

once to gather driver responses to a stopped school bus and once to gather baseline 

driving data.  Driver responses were measured in terms of differences in vehicle speeds, 

longitudinal acceleration/deceleration, and jerk. 

ROADSIDE SIGNS 

Differences in driver behavior after passing a “School Bus Stop Ahead” sign were 

statistically indiscernible when comparing the bus-present condition and baseline 

condition.  Once drivers observed a stopped bus, they experienced statistically lower jerk 

within one tenth of a second.  This propagated to a statistically lower longitudinal 
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acceleration profile approximately one second after seeing the bus and statistically lower 

speeds approximately 1.5 to 2.5 seconds after seeing the bus.  There was no clear 

evidence that indicated significant driver response to the sole existence of the roadside 

sign.  

IN-VEHICLE MESSAGES 

When compared against the baseline driving condition, driver behavior was statistically 

different almost immediately after the deployment of an in-vehicle message that indicated 

a stopped school bus ahead.  Data indicated a significant reduction in vehicle jerk within 

0.1 seconds of deploying the message leading to a statistically higher deceleration within 

1.5 seconds of message deployment.  Vehicle speeds were also statistically lower within 

3.5 seconds of the message deployment.  The dynamic responses to the in-vehicle 

message conditions were numerically similar to the drivers’ immediate responses to 

seeing a stopped bus on the roadway; however, more in-depth research is needed to 

confirm these findings.  Plotting vehicle dynamics during the bus-present and baseline 

conditions led to the discovery that drivers not only had an immediate response to the 

message, but were also driving more conservatively as they navigated around blind 

curves when the message was displayed.   

Due to the quick driver response to the in-vehicle message, the researchers suggest that 

future studies evaluate the effect of reducing the time in which the message is deployed.  

In this study, the researchers assumed a conservative reaction time and avoided deploying 

the messages while traveling on a curved section of the roadway, however, given the 

results of this study, the researchers suggest that future research evaluate the effect of 

relaxing these criteria.   

OVERALL 

The results of the experiment described in this paper support the idea that in-vehicle 

messages will be capable of providing drivers with a more reliable means of 

communicating the hazard of a stopped school bus ahead compared to the existing 

roadside sign.  The nearly immediate driver response to the in-vehicle messages may 

indicate an increased awareness of their surroundings.  The corresponding roadside sign 

conditions provided little evidence of changing driver behavior prior to visually 

observing a stopped school bus in the roadway.   

The conclusions drawn in this paper are subject to the development of a reliable 

connected vehicle system and a thoroughly developed message deployment algorithm.  

The developers of the message deployment algorithm should consider the following 

observations from this study: 

1. Drivers exhibited a nearly immediate response to the SBSA in-vehicle message 

despite having been deployed well in advance of the school bus encounter. 
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2. The researchers believe that the message would have a similar effect if the 

messages were deployed at a later time while still allowing for a controlled and 

comfortable deceleration. 

3. The SBSA should be developed as a pre-emptive warning to avoid duplicating 

warnings that focus on collision-related messages. 
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Chapter 7:  A MULTI-STAGE APPROACH FOR INTEGRATING 

ENHANCED SCHOOL BUS WARNINGS INTO CONNECTED 

VEHICLE SYSTEMS  
 

CHAPTER PREFACE 

This chapter builds upon the concept of operations for a school bus related message (chapter 5) 

by describing the mechanisms of how each notification type could be implemented.  Since the 

preliminary evaluation of in-vehicle messages in chapter 6 supported the hypothesis that in-

vehicle messaging leads to a positive impact on driver behavior, this chapter aims to lay out a 

more structured approach to implementing the technology in the near-term, intermediate-term, 

and long-term.  This chapter focuses on the various components that could be implemented in the 

various stages of V2I, V2V, and autonomous driving. 

To further evaluate the impact of school bus related communications, the next chapter of the 

dissertation uses microsimulation to study the impact of automated speed control around school 

bus stops (chapter 8). 

Content on this chapter was comprised in part of content from a journal article that will be 

submitted to Transportation Research Part F or to the Transportation Research Board for 

consideration in the Transportation Research Record.  Co-authorship of this paper includes: Dr. 

Bryan Katz. 

 

BACKGROUND 

School buses are frequently touted as the safest way to transport students to and from school (1–

6).  Overall, school buses account for only two percent of all fatal motor vehicle crashes, 

however, they are considered as a contributing factor to approximately 140 school-aged fatalities 

and 85,000 injuries each year (7).  This paper summarizes the factors that contribute to school 

bus related crashes and presents methods for improving school bus safety through advances in 

connected vehicle technology. 

CONTRIBUTING FACTORS FOR SCHOOL BUS CRASHES  

Each State has different requirements regarding when a driver must stop for a stopped school 

bus.  Donoughe and Katz performed a survey to analyze drivers’ understanding of these State 

laws (8).  Overall, drivers were able to correctly identify when they are required to stop in less 

than 75% of the presented scenarios.  Scenarios included encountering school buses along 
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undivided four-lane highways, divided four-lane highways, and at a four-leg intersection 

approach.  When drivers misunderstand the laws pertaining to stopped school buses, they not 

only endanger students who may cross the road, they also endanger other road users that stop for 

a school bus and create an unexpected speed differential. 

Another factor that contributes to school bus crashes is the presence of sight obstructions such as 

blind curves and steep hills (9) .  Although school transportation directors work hard to select 

safe locations for school bus stops, sometimes the best place for a bus stop still has deficiencies.  

For example, school bus routes that service rural mountainous regions may not have the luxury 

of placing bus stops along straight segments of the road with ample sight distance.  In these 

situations, the Manual of Uniform Traffic Control Devices (MUTCD) provides a “School Bus 

Stop Ahead” sign that can be used to improve safety (10), however, it has since been 

demonstrated that these signs have minimal impact on driver behavior (11).   

Although underreported, driver inattention is a likely contributing factor to school bus related 

crashes (12).  Research by the National Safety Council indicated that approximately fifty percent 

of crashes accurately represented cell phone use while driving and even this number may be 

underreported since it required drivers to admit to using a cell phone while driving (13).  While 

only a small portion of crash data identifies driver distraction as a contributing factor in school 

bus related crashes, research indicates that driver distraction may still need to be addressed.  

CONCEPT FOR CONNECTED SCHOOL BUSES 

In an effort to address the factors that contribute to school bus related crashes, researchers at the 

Virginia Tech Transportation Institute developed a Concept of Operations (ConOps) for in-

vehicle messages related to school bus safety (9).  This ConOps established the framework for an 

algorithm to deploy informational or safety-critical messages to: 

1) Inform drivers that there is an occupied bus stop ahead 

2) Inform drivers that they are traveling on an active school bus route 

3) Warn drivers that there is a stopped or stopping school bus ahead of them 

4) Warn bus drivers that an approaching vehicle is not slowing down or stopping when 

required to stop by law  

5) Warn drivers that a school bus is stopped or stopping at a railroad track 

Recently, these researchers developed and tested the third item in the list above using a 

connected vehicle concept to provide in-vehicle messages to drivers when they approached a 

stopped or stopping school bus (11).  While the results demonstrated nearly immediate reaction 

times to the audio-visual warning message, the researchers are concerned about the long-term 

effect of the in-vehicle messaging system. 
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RESEARCH MOTIVATION 

As the connected vehicle system continues to evolve and additional applications are developed 

and tested, the in-vehicle messaging display may become overburdened by messages spanning 

from safety-critical alerts to social media messages thus increasing the driver’s cognitive load 

and decreasing message effectiveness (14).  Due to the vast quantity of messages being 

developed (safety-related, regulatory, advertisements, etc.), researchers must remain vigilant to 

protect the in-vehicle messaging system from becoming a system that overwhelms the driver 

with information.   

Within the framework of further developing the concept of the school bus related application, the 

authors present a multi-staged approach for utilizing the connected vehicle system to improve 

safety around school buses and school bus stops. When the connected vehicle system first 

becomes available and market penetration is low, this first stage focuses mostly on disseminating 

reliable information through vehicle-to-infrastructure (V2I) communication between school 

buses and active roadside signing.  As market penetration increases, the system can incorporate 

direct vehicle-to-vehicle (V2V) communication with other road users.  Once the connected 

vehicle system approaches full market penetration, the connected vehicle system can operate as a 

fully connected system with V2I, V2V, and autonomous driving capabilities.  While this paper 

focuses on applications involving school buses and school bus stops, the authors expect that 

similar multi-stage implementation approach can be applied toward the development of many 

other applications. 

EXISTING RESEARCH ON SCHOOL BUS WARNING SYSTEMS 

Two studies have evaluated advanced school bus warning systems.  The first study performed by 

the Texas Transportation Institute evaluated the effectiveness of adding actuated flashing 

beacons to existing School Bus Stop Ahead signs while the second study by the Virginia Tech 

Transportation Institute evaluated the effectiveness of an in-vehicle message with a similar 

intent.  Both studies demonstrated reductions in driver speeds after receiving a warning, 

indicating that advanced warnings are effective tools for improving safety and awareness.   

SUMMARY OF THE SBSA ROADSIDE ACTIVATION (15) 

Researchers at Texas Transportation Institute developed an active advance warning device that 

used an actuated flashing beacon to improve the effectiveness of static “School Bus Stop Ahead” 

signs.  They performed field tests to evaluate the effect of supplementing the standard static sign 

with top- and bottom-mounted flashing amber beacons.  In this study, the school buses carried a 

specialized transmitter that activated the SBSA sign over a specialized radio frequency. 

The researchers conducted a before/after, case/control study in a rural environment with four 

experimental sites and control sites.  Each of the sites had limited visibility, high speed limits, 

reasonably high traffic volumes, and minimal additional distracting stimuli (limited signs, traffic 

111



 

 

control devices, etc.).  With and without buses present, the researchers recorded average vehicle 

speeds, speed profiles, and brake light activation distance of approaching vehicles at each site. 

The results confirmed a statistically significant two mph decrease in average vehicle approach 

speeds prior to the bus stops when the beacon was activated regardless of whether or not the bus 

was present.  At the sign location, vehicle speeds were reduced by one mph when the beacon was 

activated.  Although the average statistics indicated a statically significant decrease in speeds, 

one of the sites demonstrated a noticeable, but not statistically significant, increase in speeds (0.5 

mph upstream of the bus stop to 1.4 mph at the bus stop) when the flashing beacons on the 

school bus sign were active.   

The researchers also identified the distance upstream from the sign in which the drivers activated 

their brake lights.  The evaluation of these distances indicated that they were not statistically 

different when the beacon was flashing compared to when it was off.  Out of the four 

experimental sites, only one site indicated a significant difference in brake light actuation 

distance of 340 feet when the sign was active. 

In summary, this study found that the active school bus stop warning signs contributed to lower 

speeds but did not contribute to an earlier brake activation when the flashing beacons were active 

compared to when the flashing beacons were off; however, the results were likely effected by 

site-specific characteristics. 

SUMMARY OF THE SCHOOL BUS STOPPED AHEAD APPLICATION (16) 

The School Bus Stopped Ahead (SBSA) application, developed 

by researchers at Virginia Tech, was intended to warn drivers 

that a school bus was actively stopped ahead of them around a 

sight-restricting curve.  The in-vehicle message contained a 

sharp auditory tone that was followed by an image of the 

MUTCD-approved School Bus Stop Ahead sign with “Stopped 

Ahead” typed below the sign (shown in Figure 1).  Researchers 

tested the SBSA application using on-road experimentation in 

which drivers encountered stopped school buses along a pre-

established test route.  Each driver encountered the bus four 

times: twice after receiving the in-vehicle message and twice 

after passing a static roadside sign.  Due to the experimental design, direct quantitative 

comparisons between the in-vehicle message and static road sign conditions were not possible; 

however, the results led the researchers to conclude that the drivers responded to the in-vehicle 

messages by reducing speeds even before they could see the school bus whereas the roadside 

signs had a minimal effect on driver speeds.   

Figure 1: In-vehicle message 

pertaining to a stopped 

school bus ahead. 
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The researchers were able to perform a within subject quantitative analysis to determine the 

extent to which drivers changed their driving behavior when they received an in-vehicle warning 

at each bus stop.  This was determined by comparing a driver’s behavior along the route when 

they received an in-vehicle message versus when they drove the same section of the route 

without receiving a notification.  The results indicated nearly immediate differences in driver 

jerk (starting between 0.1-0.6 seconds after receiving the in-vehicle message) as well as 

statistical differences in driver deceleration and speeds (approximately 1 second and 3 seconds, 

respectively, after the message deployment).   

These results align with several other studies have evaluated driver reaction and response times 

to in-vehicle messages.  Although each study had a different experimental design and analysis 

method, the general outcomes indicated initial reaction times (e.g., time to begin releasing the 

gas pedal)  were typically less than one second (17–21) and complete response times (e.g., time 

to honk the horn after a stimulus) were typically around two seconds (18–22).  The results of this 

meta-analysis are presented in Table 3.  

In comparison to the previous study at the Texas Transportation Institute, this study found 

similar speed reductions (approximately 1 mph) at the standard static sign.  This study also found 

that in-vehicle messages led to speed reductions much greater than the 2 mph speed reduction 

that was found in the flashing beacon study. 

EXISTING CONNECTED VEHICLE MESSAGING STANDARDS 

Since the remainder of this paper assumes the existence of a connected vehicle system, it is 

pertinent to have basic knowledge of how the connected vehicle system sends and receives 

messages. 

Connected vehicle applications send and receive information through a standard format called 

Basic Safety Messages (BSM) which are standardized through SAE J2735 (23).  The BSM is 

comprised of two messages that are dispersed over DSRC to support localized mobility and 

safety applications.  

Part 1 contains key data elements such as a vehicle’s size, position, current speed, 

heading, acceleration, and brake system status.  Part 1 messages are broadcast at a rate of 

10 Hz to provide information that is frequent enough to be used in safety applications, 

however, Part 1 messages are also used for mobility applications which typically do not 

require such a high message frequency (24). 

Part 2 is sent out with part 1 only if certain events occur, for example a hard brake or 

ABS activation.  Part 2 messages contain additional data elements that vary by vehicle 

type, for example passenger vehicle versus emergency vehicle. Part 2 message elements 

may include: 
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 Vehicle information (e.g., exterior light status, type of vehicle, antilock brake 

system status) 

 Weather information (e.g., ambient temperature, air pressure, traction control 

status, wiper status) 

Part 2 messages are required for nearly all mobility applications (24) (e.g., speed 

harmonization, queue warning, incident scene guidance and first responder guidance, 

transit connection protection, traveler information) and will be instrumental in developing 

the future of the school bus related applications. 

SAE J2735 also governs the standardization of MAP Data messages which contain information 

related to relevant geometric properties of the roadway.  Currently, MAP messages are mostly 

used in intersection applications; however, they are also applicable to curve safety alerts and 

applications related to traffic platoons. 

CONCEPT FOR FULLY-INTEGRATED SCHOOL BUS RELATED APPLICATIONS 

The school bus connected vehicle message set is intended to cover a wide range of situations 

including: 

1. Warning of students waiting at a school bus stop ahead 

2. Warning of a stopped bus ahead / collision warning 

3. Emergency crash notification 

SCHOOL BUS CHARACTERISTICS TO INCORPORATE INTO THE BASIC SAFETY MESSAGE SETS 

To better communicate a school bus’s unusual stopping behaviors it is important to track the 

unique indicators that signify when a school bus is preparing to stop in order to send the 

appropriate type of warning to other drivers on the road. 
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Table 1: Important elements of the school bus related applications. 

Indicators / 

Characteristic 

Status Scenario Justification 

Bus 

Stop 

Railroad 

Crossing 

Other 

Status of amber 

lights 

Flashing    School buses activate the flashing amber 

lights as they prepare to stop at bus stops 

and railroad crossings.  The amber lights 

are only used when school buses are 

stopping at locations where other vehicles 

typically do not stop (i.e., school buses 

will not activate their ambers when they 

are stopping at a traffic signal). 

Status of red 

lights 

Flashing    School buses activate the flashing red 

lights when they are stopped at a bus stop.   

Status of stop 

arm 

 

 

Status of main 

door 

Stop arm 

extended 

 

 

Door open 

   School buses extend the stop arm when 

students are loading or unloading from the 

bus.  In most school buses, the stop arm 

automatically extends when the driver 

opens the door unless a driver manually 

suppresses it (i.e., at railroad crossing).  

Status of 

emergency exits 

Exits/doors 

open 

   Open emergency exits or doors indicate an 

emergency situation.  Not only would this 

require notifying surrounding vehicles, 

this indicator could be helpful in notifying 

emergency personnel that there is a 

situation that needs immediate attention.   

 

School Bus Related Connected Vehicle Applications 

The authors propose the following approach for integrating school bus applications into the near-

term, intermediate-term, and long-term system connected vehicle architecture.  The multi-stage 

approach focuses on V2I communication in the near-term, V2V communication in the 

intermediate-term, and autonomous driving in the long-term.  
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Table 2: Message deployment strategies for the school bus related applications. 

 Description Type of 

message 

Near-term Intermediate-

term 

Long-term 

Students at 

School Bus 

Stop Ahead 

This application is intended 

to warn drivers that they are 

approaching school bus stop 

where students are waiting 

on the roadway.  The 

application aims to increase 

driver awareness and 

expectancy that students will 

be loitering near the 

roadway.  This application 

can also be used to reduce 

speed limits around the bus 

stop. 

BSM Part 

II 

V2I V2I, V2V Autonomous 

with speed 

control 

(reductions) 

Stopped 

School Bus 

Ahead 

This message is intended to 

warn drivers that a bus is 

stopped ahead of them so 

they can slow down and/or 

prepare to stop. The 

mechanics of the system will 

be similar to previous studies 

on the topic of activated 

school bus warning signs and 

messages (11, 15).   

BSM Part 

II, MAP 

V2I V2I, V2V Autonomous 

with speed 

control 

(reductions) 

Emergency 

Alerts 

This message is similar to the 

OnStar system or other 

emergency management 

systems available to school 

buses. 

BSM Part 

II 

Existing 

systems for 

emergency 

dispatcher 

notification 

Existing systems 

for emergency 

dispatcher 

notification, V2V 

Existing 

systems for 

emergency 

dispatcher 

notification, 

V2V 

 

NEAR-TERM: A FOCUS ON V2I AND ACTIVE SIGNING 

The near-term case assumes that very few vehicles will have on-board equipment (OBE) for 

sending BSMs.  The concepts described in this section assume that the school bus is equipped 

with OBE that can transmit messages to specialized roadside equipment, but that other vehicles 

will not receive an in-vehicle message.   

Students at School Bus Stop Ahead 

In the early stages of this “Students at Bus Stop” application, the existing infrastructure signs can 

be equipped with actuated flashing beacons as described in (15) or variable speed limit signs.  

These signs may initially be time-sensitive based on the expected times in which students will 

occupy the school bus stop area.  A time-based system, however, may have reliability issues in 

circumstances where the school has an unplanned early release (such as a weather event) or 

when students are not at the bus stop, thus decreasing drivers’ trust in the system.   
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Another option for the V2I school bus stop ahead system is to apply a geo-fencing protocol or 

track the school bus’s location along the route through an external GPS tracking system.  Once a 

school bus enters the geo-fenced area or reaches a certain point along the route, the system can 

activate the flashing beacons along a School Bus Stop Ahead sign to indicate that students may 

be at the bus stop.  This system addresses the issue of unplanned early releases or late starts, but 

it is still subject to reliability concerns if students are not actually present at the bus stop when 

the system is active. 

A third variation is to equip the bus stops with video feeds that are capable of identifying 

pedestrian presence and activating the warning sign only when pedestrians are present [27], [28].  

Pedestrian presence systems range in sensitivity and ability to distinguish people from animals or 

shadows; however, they can be set up to expect pedestrians within a certain timeframe, thus 

preventing the sign from flashing in the middle of the night.  The challenge of this method is the 

cost of installing detection systems at the bus stops. 

Stopped School Bus Ahead 

In the near-term, the “Stopped School Bus Ahead” message set is expected to be accommodated 

as part of the “School Bus Stop Ahead” sign.  The presence of the school bus may be used as a 

trigger to activate or de-active the flashing beacons.  Based on the time of day, the school bus 

can deactivate the sign when it leaves the geo-fenced location after picking up students, or 

activate the sign when it enters the geo-fenced location during morning pick-up routes.  

Additionally, simple programming logic can also be applied to trigger the sign to activate or 

deactivate based on the time of day and status of the stop arm and speed of the school bus.   

Emergency Crash Alerts 

The near-term focus of emergency school bus crash alerts is to utilize commercially available 

systems to stream live videos of the bus’s interior compartment (25).  Should a crash occur, the 

interior video surveillance system can provide a live feed of the students to school bus 

dispatchers who can then notify emergency personnel.  The live video feed can provide 

information such as the orientation of the school bus (upright or rolled), the approximate number 

of students on the bus, and a subjective estimate of the overall severity of the crash and occupant 

injuries.  In an emergency situation, these systems may be called upon to evaluate the initial 

extent of the emergency in order to deploy an appropriate number of first responders.   

Other existing school bus technology could help transmit useful information to dispatchers if live 

video streams are unavailable.  For example, school buses that are equipped with GPS tracking 

could provide dispatchers with information on the exact location of the school bus as well as an 

estimate of how many students may be on board based on the school bus’s progress along its 

route.  Student occupancy may also be estimated based on vehicle weight sensors or seat weight 

sensors.  While only a few districts use student tracking systems (such as RFID check-in 

systems) (25), these systems could provide valuable information in the event of an emergency 
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such as identifying the exact number of students on the bus and notifying parents and guardians 

immediately. 

A V2I system could also be utilized to display a crash notification on a roadside variable 

message system that warns drivers to be prepared for slow or stopped traffic due to a crash 

ahead.  In extreme cases, this type of system could also recommend that drivers reroute to avoid 

the crash scene provided that a control center confirms that an alternate route is a feasible detour. 

INTERMEDIATE-TERM: A FOCUS ON V2I AND V2V 

The intermediate-term approach to integrating school bus related messages into the connected 

vehicle system assumes that the connected vehicle system has reached a reasonable market 

penetration that enables direct V2V communication between equipped vehicles.  The concepts 

described in this section assume that the school bus is equipped with OBE that can transmit 

messages to specialized roadside equipment in addition to spending messages directly to other 

equipped road users.   

The messages that are broadcasted as part of the school bus related message set will utilize the 

BSM Part II message.  When roadway geometry is necessary for determining how to process a 

message, the MAP message format may also accompany the BMS Part II message. 

Students at School Bus Stop Ahead 

Similar to the V2I form of the application, activation of the V2V message may be controlled by 

the school bus’s progress along the route or via passive image detection software that identifies 

student presence at the bus stop.  Another option that is available in the intermediate-term is 

utilizing DSRC-enabled mobile phones to identify whether students are present at a bus stop.  In 

the V2V form of the application, an occupied bus stop could provide messages directly to the 

vehicles that are approaching the bus stop.  These messages may contain advisory speed limits 

and information such as the location of the bus stop (distance to the stop) or how many students 

are at the bus stop (provided that all students can be accounted for). 

To accommodate vehicles that are not equipped with connected vehicle technology, this system 

could also utilize infrastructure-based technology, as described in the previous section, such as 

actuated School Bus Stop Ahead signs, variable speed limit signs, or variable message signs. 

Stopped School Bus Ahead 

The information for this application will be distributed through the BSM Part II message and will 

rely on information gathered from the school bus such as the status of the amber lights, red 

lights, and stop arm/door.  In its V2V form, the message set will likely be paired with a MAP 

message that provides specific information about the road geometry near the bus stop.   For 

example, if a school bus stop is obscured by a blind curve, the MAP message will communicate 

that to the driver. 
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The message is intended to be used as a warning that a school bus is stopping or stopped; 

however, it could also assist in preventing collisions by presenting itself as an imminent collision 

warning for vehicles that are not slowing down for a stopped school bus.  Part of this message 

will rely on the MAP message that contains roadway information and will require State-specific 

algorithms to determine whether vehicles need to stop based on the geometric design of the 

roadway and the State laws of the current location.   

Although collision warning systems currently exist, these systems are unable to accommodate 

the unique collision scenarios that could occur near school buses.  For example, a collision 

warning system would be unable to detect a possible collision with a student that is crossing the 

road after exiting a school bus.  Unless the student was carrying a DSRC-equipped device, the 

existing collision warning system would fail because these systems are not equipped to identify 

situations where an oncoming vehicle must stop even though the lane is technically open.  The 

authors propose the development of a school bus crash warning system that accounts for the 

State requirements to stop for a stopped school bus.  This can be accomplished by temporarily 

extend the dimensions of the bus (which are sent in the Part I BSM message) to cover all lanes in 

which vehicles must stop.  With this technique, a standard V2V collision warning system will 

warn drivers that they may have a collision with a student even without the physical presence of 

a hazard in the road.   

The imminent collision warning system would also need to consider that students are not 

immediately present on the road when the stop sign deploys since it takes time for students to 

exit the bus and cross the road.  In this case, the authors propose one of two possibilities to avoid 

heaving braking when the hazard does not exist: 

1. Accounting for buffer time, similar to an all-red phase of a traffic signal, that deploys 

the “STOP” message after a certain amount of time (time TBD) 

2. Equipping school buses with a radar or image detection software to determine 

whether a student is crossing the road and entering a dangerous situation. 

Emergency Alerts 

In an environment that supports V2I and V2V technology, the detailed information in the 

emergency school bus alerts will likely remain as secure communication between school buses, 

school bus dispatchers, and emergency personnel (as described in the previous section); 

however, generic warnings could be presented to connected vehicles to warn of a delay or advise 

re-routing.  Variable message signs may be utilized to warn non-connected vehicles that there is 

a crash ahead and to re-route drivers around the emergency location.   

The R.E.S.C.U.M.E. project (26, 27) is a likely partner in the V2V approach to incident response 

and scene management.  The R.E.S.C.U.M.E. applications provide approaching vehicles with in-

vehicle messages and alerts related to speed reductions and lane closures.  The applications allow 
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for situational awareness and collaboration among dispatchers and first responders as well as 

providing in-vehicle messages that inform oncoming drivers of the incident. 

LONG-TERM: A FOCUS ON AUTONOMY 

The long-term assumption of the connected vehicle system is that it will evolve into a fully-

connected autonomous driving environment.  This section of the paper covers the features that 

are predicted to improve school bus and school bus stop safety under these conditions. 

Students at School Bus Stop Ahead 

In addition to the features in the previously discussed V2I and V2V system, the autonomous 

system could utilize a speed control mechanism to ensure a reduced speed in the area 

surrounding the bus stop in order to improve pedestrian survivability in case of a crash.  Speed 

control and speed-related messages have been demonstrated as part of several connected vehicle 

studies involving the topics of: speed harmonization (28–30), work zone speed compliance (31), 

and various intersection applications (32–34).  While it is expected that some school bus 

locations may not require speed reductions or speed control, such as neighborhoods with low 

speed limits, bus stop locations on high-speed and/or high-volume roads could benefit from this 

system. 

Stopped School Bus Ahead 

A fully autonomous driving environment will reduce the need to warn drivers about a stopped 

school bus ahead.  In this case, a BSM Part II message will indicate that a school bus is stopping 

(or has stopped) and other vehicles within the traffic stream will react appropriately.   

If students are provided with DSRC-enabled devices that can broadcast their exact location 

relative to the traffic stream, the requirement for other vehicles to stop for stopped school buses 

may be relaxed since the location of all students will be known at all times.  Autonomous 

vehicles that are fully aware of their surroundings will not need to stop if students are not 

actively crossing the roadway.  The researchers recognize that this level of complete autonomy is 

highly unlikely, even in the long-term.   

Emergency Alerts 

The long-term emergency alert application for school buses will utilize information similar to 

what was described in the near-term and intermediate-term sections.  It is expected that a fully 

autonomous environment will continue to partner with emergency and response applications 

such as R.E.S.C.U.M.E. (26, 27).  Future capabilities may include the ability to automatically re-

route oncoming traffic onto an alternate route or to clear a lane for emergency vehicle staging 

and transport. 
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CHALLENGES OF IMPLEMENTING SCHOOL BUS APPLICATIONS 

There are several challenges of implementing school bus related applications, especially 

pertaining to the application algorithms, privacy concerns, and the market penetration of the 

connected vehicle system. 

Early applications of V2I school bus and school bus stop indicators are constrained by how to 

identify and program when the warning system should be active.  This paper presents three 

methods to assist in this task, however each method has drawbacks.  A time-based system is the 

simplest method, but it is subject to displaying incorrect information when school buses operate 

on unexpected schedules (such as due to weather-related events).  Additionally, a time-based 

system may indicate that a student is waiting at a bus stop even though the bus stop is vacant.  

Using geo-fencing or school bus tracking systems is a more complex method that can 

accommodate unexpected schedule changes; however, it is still subject to warning drivers of 

vacant bus stops.  These pre-programed areas and routes may also need to be regularly 

reconfigured due to route changes to accommodate new students or to optimize school bus 

routes.  Video or image-based detection software can identify whether students are actually at the 

bus stop (thus activating the flashing warning beacons or reducing the speed limit), but this 

method requires expensive roadside hardware to be installed at every bus stop. 

Another concern of broadcasting school bus related messages is related to privacy, specifically 

related to identifying where minors are located.  This is especially dangerous if any known child 

predators exist in the area.  If students were provided with their own DSRC-enabled devices or 

monitored using video feeds, students could be monitored by parents or school personnel.  

The connected vehicle system is subject to increasing returns as the system surpasses a critical 

level of market penetration.  As expected, increased market penetration rates will lead to higher 

effectiveness of in-vehicle messages (35).  Furthermore, once the system reaches nearly full 

market penetration, vehicles can operate in a fully autonomous (or nearly fully autonomous) 

state.   

FUTURE RESEARCH NEEDS 

Since this paper provides a conceptual outlook on connected vehicle systems related to school 

buses and school bus stops, the future research needs are abundant.  Algorithms need to be 

developed and tested to ensure that the messages are properly deployed.  Similarly, the in-vehicle 

messages need to undergo a full evaluation for user understanding and notification preferences 

(visual, aural, tactile, or combined).  The message type should also be evaluated in coordination 

with a variety of other in-vehicle messages to evaluate the extent to which drivers become 

overwhelmed by message frequency.  The in-vehicle messaging systems should be monitored for 

unanticipated consequences (e.g., excessive driver distraction at a critical time just before a 

crash). 
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CONCLUSIONS 

Within the framework of further developing the school bus stop connected vehicle message set, 

this paper presents a multi-staged approach for utilizing the connected vehicle system to improve 

safety around school buses and school bus stops. The message set accommodates three main 

conditions: 1) warning that students are present at a school bus stop ahead, 2) warning of a 

stopped bus ahead, and 3) providing an emergency school bus crash notification.  When the 

connected vehicle system first becomes available and market penetration is low, this first stage 

for utilizing the connected vehicle system focuses mostly on disseminating reliable information 

through V2I communication between school buses and active roadside signing.  As market 

penetration increases, the system can incorporate V2V communication between school buses and 

other road users.  Once the connected vehicle system approaches full market penetration, the 

connected vehicle system can assume a fully connected system with V2I, V2V, and autonomous 

driving capabilities.  This long-range plan for improving safety around school buses and school 

bus stops can lead to the prevention of future school bus related crashes and pave the way for 

researchers to focus on a trans-disciplinary approach to developing the connected vehicle system 

that encompasses needs of the future transportation system.   
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Table 3: Summary of Driver Reaction and Response Times from Existing Studies. 

Year Authors Title Reaction 

Time (time 

to initially 

react) 

Response 

Time (time 

to perform 

a 

maneuver) 

Alert Type Notes 

General In-vehicle Messages (location not relevant) 

2014 Lerner, 

Robinson, 

Singer, 

Jenness, 

Huey, 

Baldwin, 

Fitch (39) 

Human Factors for Connected 

Vehicles: Effective Warning 

Interface Research Findings 

N/A 1.63 seconds Visual Drivers were asked to 

honk a horn to 

acknowledge a warning 

message 

2006 Lee, 

McGehee, 

Brown, 

Marshall 

(40) 

Effects of Adaptive Cruise 

Control and Alert Modality on 

Driver Performance 

0.58 seconds N/A Audio-visual Driver responses to 

warnings about lead 

vehicle events  

Collision Studies 

2006 Ho, 

Cummings, 

Wang, 

Tijerina, 

Kochhar (41) 

Integrating Intelligent Driver 

Warning Systems: Effects of 

Multiple Alarms and 

Distraction on Driver 

Performance 

N/A 0.5 to 2.0 

seconds 

In-vehicle aural 

warning (tonal 

beeps) 

Simulator Study 

 

Study evaluated driver 

responses to forward 

collision warnings, 

following-vehicle 

approaching fast, and 

lane departure warnings. 

2002 Lee,  

McGehee, 

Collision Warning Timing, 

Driver Distraction, and Driver 

0.76 to 1.14 

seconds 

1.35 to 2.0 

seconds 

Audio-visual Simulator study 
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Brown, 

Reyes (18) 

Response to Imminent Rear-

End Collisions in a High-

Fidelity Driving Simulator 

Driver responses varied 

due to early alert versus 

late alert 

2015 Ruscio, 

Ciceri, 

Biassoni (19) 

How does a collision warning 

system shape driver's brake 

response time? The influence 

of expectancy and automation 

complacency on real-life 

emergency braking 

0.35 seconds 0.86 seconds Visual (LED 

light) 

Reaction time is the time 

it took for the driver to 

begin lifting their foot 

from the accelerator; 

response time was the 

remaining time it took to 

move foot and press the 

brake to the maximum 

recorded intensity 

 

Responses where drivers 

had anticipatory 

information that fulfilled 

expectations were 

approximately 0.5 

seconds faster than 

events when the driver 

didn’t have warning 

information. 

Curve-related Studies 

2005 McElheny 

(17) 

Multidimensional Warnings: 

Evaluating Curve Warning 

Stimuli in an On-Road 

Environment 

1.0 seconds 

 

0.7 seconds 

1.9 seconds 

 

1.8 seconds 

 

Audio-visual 

 

Haptic-audio-

visual 

Field test on private road 

(Smart Road)  

Intersection Studies 

2009 Inman, Davis 

(20) 

The Effects of In-Vehicle and 

Infrastructure-Based Collision 

Warnings at Signalized 

0.86 seconds 1.22 seconds In-vehicle 

warning  

 

Simulator Study 

 

Reaction time 
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Intersections (audible voice 

“danger, red 

light violator” 

and 

illumination of 

a red LED on 

the vehicle’s 

dashboard, and 

a brake pulse) 

determined by 

accelerator release; 

response time determined 

by pressing the brake; in-

vehicle message 

provided slower 

reaction/response times 

compared to 

infrastructure-based 

alerts or combined in-

vehicle/infrastructure 

alerts. 

2009 Caird, 

Chisholm, 

Lockhart 

(21) 

Do in-vehicle advanced signs 

enhance older and younger 

drivers' intersection 

performance? Driving 

simulation and eye movement 

results 

0.4 to 0.48 

seconds 

0.69 to 0.73 

seconds 

Visual (heads 

up display) 

Reaction time 

determined by 

accelerator release; 

response time determined 

by pressing the brake 

2011 Chen, Cao, 

Logan (42) 

Investigation into the effect of 

an intersection crash warning 

system on driving performance 

in a simulator 

N/A 

 

N/A 

1.4 seconds 

 

1.3 seconds 

Visual 

 

Audio 

Simulator study; 

response time determined 

by the time to brake 

2015 Yan, Zhang, 

Ma (22) 

The influence of in-vehicle 

speech warning timing on 

drivers’ collision avoidance 

performance at signalized 

intersections 

N/A 1 second Audio Simulator study; 

response time determined 

by the time to brake 
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Chapter 8:  MODELING AND SIMULATION OF SCHOOL BUS 

STOP SPEED REDUCTIONS: A FEASIBILITY STUDY  
 

CHAPTER PREFACE 

This chapter builds upon the long-term approach of the previous chapter (chapter 7) by 

simulating the effect of using speed control to reduce vehicle speeds in the vicinity of a school 

bus stop.  The data was collected through the microsimulation program, INTEGRATION.   

Content on this chapter was comprised in part of content that will be submitted to Transportation 

Research Part F and/or the Transportation Research Board for consideration in the 

Transportation Research Record. 

 

INTRODUCTION 

Placing school bus stops along high speed roads is generally avoided; however, in some rural 

areas high speed bus stops are unavoidable.  Expecting students to wait along high speed roads 

or to cross these roads to get to the bus stop puts students in a dangerous situation.  This paper 

describes three methods that could be used to improve safety in these situations and models their 

effect with microsimulation software. 

BEST PRACTICES FOR PLACING SCHOOL BUS STOPS 

Although the safety of school children is important, national guidelines and requirements related 

to school bus stop placement do not exist.  Therefore, the decision is currently left to State and 

local agencies.  The Safe Routes to School Guide provides useful information about how policy 

is developed (1).  For example, some States have developed very basic policy to regulate 

specifications such as the minimum allowable distance between stops and the minimum radius 

from the school in which a school bus may provide service to students.  In other cases, more 

specific policies exist at the local and district level and may include restrictions related to 

placement of bus stops on private roads/property and cul-de-sacs, placement of stops at the 

corner of intersections versus at mid-block locations and placement of bus stops on high volume 

roads or near railroad crossings.  Additionally, local policies may include stipulations about how 

to accommodate younger riders such as kindergarten students who cannot walk far from home.  

Furthermore, some school districts may rely on the judgment of the school transportation director 

to place high-risk bus stops.   

Rural routes face many challenges when it comes to placing school bus stops.  Current best 

practices include locating bus stops on roads with lower traffic volumes and speeds and 
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minimizing the number of stops along multi-lane roads (1).  Certain constraints such as the 

school bus’s limited maneuverability and adequacy of student waiting areas add additional 

restrictions to bus stop placement.   

The Safe Routes to School Guide (1) emphasizes that student visibility is one of the highest 

priorities.  The MUTCD “School Bus Stop Ahead” sign is recommended for use when school 

bus stops are obscured by horizontal or vertical curves; however, these signs do not provide any 

indication that students are present or that a school bus is in the area.   

IMPROVING SAFETY ALONG HIGH SPEED RURAL ROADS 

There are many methods for improving safety along high speed rural roads, such as by installing 

curve advisory speeds or adding reduced speed zones.  Curve advisory speeds are typically used 

to slow down drivers as they approach a curve with an unacceptable sight distance or to reduce 

speeds around a curve with a high instance of run-off-road crashes.  Speed zones are often used 

to reduce speeds along high speed roads when they directly pass through a town or municipality.  

Temporary speed zones are also used to reduce speeds around schools when students are walking 

to or from school.   

CONCEPT FOR SCHOOL BUS STOP SPEED REDUCTIONS 

Just as reduced speeds in school zones are expected to help protect students who walk to and 

from school, students at bus stops should afford the same level of protection.  Students at bus 

stops may be more unexpected to road users compared to students who walk or ride bicycles 

within school zones.  A reduced speed limit system is expected to provide the most benefit to 

rural road bus stops that are located on high speed roads. 

SETTING SPEED LIMITS USING THE INJURY MINIMIZATION METHOD  

The injury minimization method, sometimes called the safe systems approach, evaluates the 

crash types that are expected to occur on each road.  Speed limits are set to minimize the chance 

of fatality or serious injury at that speed as shown in Table 1 (2).  This speed-setting method 

merges traditional safety analysis with the prediction of how well a human body can withstand 

certain forces.   
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Table 1: Speed Limits for Injury Minimization 

Road type Speed Limit, 

mph (km/h) 

Roads with a mix of motorized and unprotected road 

users (i.e., pedestrians and cyclists) 

20 (30) 

Roads with uncontrolled access where side impact 

crashes can result 

30 (50) 

Undivided roads where head-on crashes can result 45 (70) 

Controlled access facilities with a physical median 

separation, where at-grade access and non-motorized 

road users are prohibited 

>60 (>100)

SETTING SPEEDS BASED ON INJURY RISK CURVES 

The proposed concept for reducing 

speeds at school bus stops functions on 

setting speeds based on the injury 

minimization method.  Although the 

literature indicates that speed limits 

should be set to 20 mph when traffic 

will be interacting with pedestrians, it 

is impractical to assume that traffic 

will respect a speed reduction to 20 

mph along a high-speed corridor.   

Injury risk curves are used to identify 

the probability of receiving injuries 

given particular conditions, in this case 

impact speed.  The injury risk curves 

are typically based upon the fatality 

risk curves of the entire population; 

however children are known to have a 

slightly increased injury tolerance 

compared to their adult counterparts 

(Figure 1) (3).  Thus, when setting 

speed limits in areas where only child 

pedestrians are expected to be present, 

the injury minimization methods 

should be tailored to data from 

children.  Utilizing the models 

presented by Richards, fatality risk is exceptionally low through 25 to 30 mph (3).  In some 

15-59 years old (Ashton and Mackay) Davis Function 

Figure 1: Child pedestrian injury risk curve (top) 

and adult pedestrian injury risk curve (bottom) 
where the red and blue lines indicate different 
injury risk functions and the dashed lines 
represent the 95% confidence intervals of the 
Ashton and Mackay function. 

0-14 years old (Ashton and Mackay) Davis Function 

Davis Function 0-14 years old (Ashton and Mackay) 
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cases, school bus stops may be located on roads with speeds exceeding 45 mph.  In these cases, 

should there be a pedestrian-vehicle collision, the student’s fatality risk greatly surpasses an 

acceptable level 

In Part 7 of the MUTCD (Traffic Control for School Areas), the text regarding school zone speed 

limits alludes to cases where school zone speed limits may be reduced by more than 30 mph 

compared to the regular posted speed limit (4).  A precedent has been set by some school 

districts that have school zones located on high-speed corridors.  One example case of a school 

zone speed limit reduction of 30 mph is in Giles County, Virginia where a public elementary 

school is located along a four-lane divided rural highway.  The regular posted speed limit for this 

corridor is 65 mph and it is reduced to 35 mph when flashing.   VicRoads Australia also reduces 

speeds to 35 mph in school zones that are located on roads with 50 to 60 mph speed limits (3). 

METHODS FOR REDUCING SPEEDS 

This paper models two methods for enacting the reduced speed limits. 

1. Time-based speed limit reductions: This type of system may use flashing signs (e.g. “35

mph when flashing) or variable speed limit systems to reduce the speed limit of all

vehicles during a preset time period.  This assumes that the school bus operates on a

predictable schedule or that the school system will notify the speed limit system operator

when schedules are expected to change (e.g. early release days due to exams or weather

events).

2. Connected vehicle messages: This type of system only reduces vehicle speeds when they

are within the vicinity of a school bus as it approaches a bus stop.  This system may

operate simply as a speed limit display within the vehicle or as a system based on

automated speed control.  Speed control algorithms have previously been demonstrated

by FHWA’s speed harmonization study (Stephens et al., 2015).

RESEARCH QUESTIONS 

The authors were interested in evaluating two research questions: 

1. To what extent do these speed reduction strategies impact the average travel time, delay,

and vehicle emissions at a single bus stop?

2. How does the impact of the system change when it is implemented along an existing

corridor of eight consecutive bus stops?

METHODS 

This paper takes a two-prong approach of using microsimulation to evaluate the short-term 

effects of reducing speeds around stopped school buses and school bus stops.  First, an analysis 

of three conditions is performed at a single bus stop.  This analysis demonstrates the extent of the 

interactions between school buses and other road users given that there is no special speed 

reduction zone, a time-based speed reduction zone, and a system that emulates connected vehicle 
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interactions by only reducing speeds of vehicles that are in the vicinity of the school bus.  The 

second part of the simulation analysis demonstrates the effects of implementing the system along 

an actual school bus route on a rural road in southwest Virginia.   

The authors used INTEGRATION to evaluate the effect of the reduced speed limit conditions. 

INTEGRATION provides a platform for running microscopic traffic simulations by modeling 

spatial variations in traffic density.  A primary focus of INTEGRATION is its ability to model 

vehicle-level characteristics such as merging, shock waves, and gap acceptance.  Although the 

aforementioned characteristics demonstrate INTEGRATION’s primarily microscopic nature, the 

program has also been calibrated to align with macroscopic modeling such as speed-flow 

relationships, multi-path equilibrium traffic assignment, random over-saturation delay, and 

weaving and ramp capacities. 

The current version of INTEGRATION is capable of modeling transit bus stops along a segment; 

however, unlike school buses, other vehicles are not required to stop for stopped transit buses. 

To model the standard interactions with school buses, the bus stops were coded as traffic signals 

with very long cycle lengths.  The signal phases were established based on the simulated bus 

travel times so the signals only changed to the red phase as the school bus approached.  In this 

way, all vehicles along the link were required to stop regardless of which lane they were in.   

SINGLE BUS STOP ANALYSIS 

Baseline Condition 

This condition represents the current state of a bus stop where speeds are kept constant 

throughout the simulation period.  The representative segment is a one mile, two-lane divided 

highway with a speed limit of 65 mph (Figure 2) and an AADT of 1100 vehicles per day.  The 

simulation lasted for a total of 15 minutes.  During the baseline condition, a school bus was 

modeled to stop for 35 seconds at the midpoint of the segment and then resume traveling along 

the segment.  In accordance with Virginia State Code, the school bus’s speed for all conditions 

was limited to traveling at 60 mph.   

Figure 2: Base-case Scenario.  No speed reductions before or after the school bus stop. 
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Time-based Speed Reduction Zone 

This condition represents the case where a time-based variable speed limit system governs the 

travel speeds along the road.  This type of system is similar to current speed reductions in school 

zones.  The segment length, simulation time, and initial speed limit are the same as the baseline 

condition except that the posted speed limit is reduced to 35 mph within 0.25 miles on either side 

of the school bus stop throughout the duration of the simulation (Figure 3).  The reduced speed 

limit is in effect for five minutes before and after the scheduled school bus pick-up time.  When 

the bus gets to the bus stop, it stops for 35 seconds to pick up students.   

Figure 3: Time-based speed reduction zone 0.25 miles before and after the bus stop. 

Connected Vehicle Interaction and Speed Control 

This condition represents a future state where connected vehicle systems are prevalent.  In this 

condition, only vehicles that are within the speed reduction zone at the same time as the school 

bus are required to reduce speeds.  The speed reduction zone extends for 0.25 miles before the 

bus stop (Figure 4).  Similar to the previous bus stop scenarios, a bus stops for 35 seconds to pick 

up students at the midpoint of the segment.  Since there are no students expected on the roadway 

after school bus pick-up, all posted speeds resume to the original 65 mph speed limit.   

Figure 4: Connected vehicle interaction and speed control.  Speeds are only reduced when 

vehicles are within the speed reduction zone while the bus is also present within the speed 

reduction zone.  

SENSITIVITY ANALYSIS OF THE SINGLE BUS STOP ANALYSIS 

A sensitivity analysis was performed on the single bus stop scenario to evaluate the relative 

effects of the speed reduction on different traffic demands.  This was completed by varying the 

traffic demand to represent a 25 percent increase and a 25 percent decrease in traffic demand.   

EXAMPLE APPLICATION 

The example application reduced speed limits was based on an existing roadway segment along a 

two-lane, rural, divided highway in Giles County, Virginia.  The study area was 8.2 miles in 

length with a posted speed limit of 65 mph and 1100 AADT.  Due to the residences along the 

highway, Giles County Public Schools regularly schedules school buses to pick up students up 

along this roadway segment.  During the 2014-2015 school year, eight bus stops existed along 
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the eastbound direction study area.  Since the highway has a divided median, vehicles that 

approach a stopped bus from the opposing direction are not required to stop for the school bus; 

therefore, the westbound bus stops and traffic flow were not considered in this analysis. 

In Figure 5, the eastbound route is shown in red with the reduced speed zones bolded in white. 

The reduced speed zones are based on an assumption that speeds will be reduced within 0.25 

miles of the bus stop for five minutes before and after the scheduled pick-up times.   

Figure 5: Speed reduction zones along an eastbound route on US-460/Virginia Avenue in 

Giles County, Virginia 

The simulation of the example application ran for 30 minutes.  Each bus stop was modeled as a 

traffic signal with a cycle length of 1800 seconds (30 minutes).  The school bus picks up at the 

first bus stop location at ten minutes into the simulation.  The randomly assigned bus stop pick-

up times for all eight bus stops ranged from 25 to 35 seconds (mean = 29.4 seconds, standard 

deviation = 3.9 seconds). 

RESULTS AND DISCUSSION 

This section presents the outcome of the single bus stop analysis as well as the outcome of the 

sample application site with eight bus stops. 

SINGLE BUS STOP ANALYSIS 

Three conditions were modeled as part of this analysis: the baseline condition where all vehicles 

traveled at 65 mph, a time-based speed limit reduction zone, and a connected vehicle speed 

control system. 

Table 2 presents a summary of the resulting data, though the results will be discussed in detail in 

the appropriate sub-sections.  Each simulation was run for fifteen minutes and only the vehicles 

that completed the simulation are considered in the analysis below (i.e., vehicles that were mid-

way through the simulated segment were not included in the analysis).   

As expected the travel time to complete the segment was shortest for the baseline condition 

where no speed reductions were in place, followed by a slightly longer travel time for the 

simulated connected vehicle environment and a longer time for the time-based system.   
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Environmental data indicated that emissions were highest for the time-based speed limit 

reductions because each vehicle had to decelerate when entering the speed zone and accelerate 

when leaving.  Emissions were very similar for the simulated connected vehicle environment 

compared to the baseline condition since very few vehicles had to accelerate or decelerate in 

either condition; however, the school buses performed best during the time-based speed limit 

reduction since the sustained reduced speed limit allowed the school buses to operate closer to 

their ideal operating conditions. 

Table 2 also presents data from a small sensitivity study in which we ran the scenarios with 

higher and lower traffic demands to evaluate how the system results would change if 

implemented in areas with different traffic volumes. This analysis led to the expected conclusion 

that travel time and emissions increase slightly as the road becomes more congested. 

The remaining sections on the results of the single bus stop analysis will focus on the first set of 

roadway conditions (AADT = 1100 vpd) to allow for a direct comparison to the example 

application which also had an AADT of 1100 vpd. 
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Table 2: Summary of Data at a Single Bus Stop 

 

Note: “N/A” stands for “not applicable” and “CV” stands for “connected vehicle” 

Baseline

Time-based 

Speed 

Reduction

CV-based 

Speed 

Reduction

Baseline

Time-based 

Speed 

Reduction

CV-based 

Speed 

Reduction

Baseline

Time-based 

Speed 

Reduction

CV-based 

Speed 

Reduction

Number of Vehicles that 

Completed the Segment 154 154 154 120 120 120 197 197 197

Number of Vehicles Affected by 

the Speed Reduction 0 116 10 0 156 20 0 95 16

Average Segment Travel Time 

(seconds) 56.9 77.5 57.8 56.9 77.5 59.6 58.0 79.8 59.2

Average Delay Compared to 

Baseline Condition (seconds)
N/A 20.5 0.9 n/a 20.5 2.7 N/A 21.8 1.2

Average Fuel Consumption (l) 0.1 0.2 0.1 0.1 0.2 0.2 0.1 0.2 0.2

Average HC Emissions (g) 0.2 1.4 0.3 0.2 1.4 0.4 0.3 1.4 0.3

Average CO Emissions (g) 5.2 32.2 6.4 5.2 32.2 9.6 6.0 33.4 7.2

Average NOx Emissions (g) 0.5 0.6 0.5 0.5 0.6 0.6 0.5 0.6 0.5

Average CO2 Emissions (g) 329.8 396.4 333.4 329.8 396.4 346.3 336.2 402.6 339.9

Baseline

Time-based 

Speed 

Reduction

CV-based 

Speed 

Reduction

Baseline

Time-based 

Speed 

Reduction

CV-based 

Speed 

Reduction

Baseline

Time-based 

Speed 

Reduction

CV-based 

Speed 

Reduction

Bus Travel Time (seconds) 111.8 131.4 122.7 111.8 131.4 122.3 111.8 131.4 122.8

Delay Compared to Baseline 

Condition (seconds)
N/A 19.6 10.9 N/A 19.6 10.5 N/A 19.6 11.0

Fuel Consumption (l) 0.1 0.1 0.1 0.1 0.1 0.1 0.2 0.1 0.2

HC Emissions (g) 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.4

CO Emissions (g) 5.4 5.0 5.4 5.4 5.0 5.5 5.8 5.2 5.7

NOx Emissions (g) 1.1 0.9 1.1 1.1 0.9 1.1 1.3 1.0 1.2

CO2 Emissions (g) 332.9 302.7 325.1 332.9 302.7 328.9 353.9 315.4 344.6

Standard Vehicles

School Bus

AADT = 825 vpd (25% decrease)

AADT = 825 vpd (25% decrease) AADT = 1375 vpd (25% increase)

AADT = 1375 vpd (25% increase)AADT = 1100 vpd

AADT = 1100 vpd
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Figure 6: Histograms showing the overall characteristics of the single bus stop based on the baseline condition, the time-based 

speed reduction condition, and the connected vehicle (CV) based speed reduction system for the 1100 AADT simulation.  Refer 

to Table 2 for more information. 
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Standard Vehicle Values (1100 AADT) School Bus Values (1100 AADT) 

Figure 7: Histograms of average emissions from the 1100 AADT simulation based on the baseline condition, the time-based 

speed reduction condition, and the connected vehicle (CV) based speed reduction system for standard passenger vehicles (left)  

and the school bus (right).  Refer to Table 2 for more information. 
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SINGLE BUS STOP ANALYSIS 

Baseline Condition 

Travel time along this link averaged at 56.9 seconds for standard vehicles and 111.8 for 

the school bus.  Of the 154 vehicles that completed the entire segment, fifteen vehicles 

interacted with the school bus and had to slow down (seven came to a complete stop 

behind the school bus and three more vehicles had to reduce their speeds due to bus stop 

related congestion).   

Figure 8 and Figure 9, below, display the speed profiles and time-space diagrams of three 

selected vehicles during the baseline condition.  The vehicles selected for these graphs 

are the same vehicles in the experimental conditions.  In the baseline condition Vehicle 

74 was the first vehicle to be stopped behind the school bus. The two figures indicate that 

this vehicle was unable to pass the school bus even after the vehicles began moving 

again. There’s evidence of a small amount of flow instability based on the speed profiles 

of vehicles 78 and 82, however due to the low-volume nature of the roadway, this does 

not lead to any long-term issues. 

Figure 8: Speed profiles for selected vehicles during the baseline condition. 

Figure 9: Time-space diagrams for selected vehicles during the baseline condition. 
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Time-based Speed Reduction Zone 

Travel time along this link averaged at 77.5 seconds for standard vehicles and 131.4 for 

the school bus.  Out of the 154 vehicles that completed the simulation, 116 of them had to 

reduce their speeds during the 10 minute reduced speed zone. Of those vehicles, twelve 

directly interacted with the school bus.  There was no evidence of unstable traffic flow 

during this simulation.   

Figure 10 and Figure 11 display the speed profiles and time-space diagrams of selected 

vehicles during this condition.  For ease of comparison, the vehicles selected for these 

graphs are the same vehicles in the baseline condition. 

 
Figure 10: Speed profiles for selected vehicles during the time-based condition.  

 

 
Figure 11: Time-space diagrams for selected vehicles during the time-based 

condition.  
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Connected Vehicles System with Automated Speed Control  

The average travel time along this segment was 57.8 seconds.  Of the 154 vehicles that 

completed the simulation, only ten were subject to the reduced speed zone; however, only 

seven vehicles came to a complete stop behind the school bus vehicles.  For example, in 

Figure 12 below, which display the speed profiles and time-space diagrams of selected 

vehicles during this condition, vehicle 82 slowed down in the beginning of the reduced 

speed zone, however when this vehicle reached the 0.3 mile marker, the speed reduction 

was lifted (because the school bus had completed the student pick-up).  This vehicle was 

then permitted to resume a normal operating speed.  It encountered some congestion 

around the bus stop area and shortly afterward.   

Figure 12 and Figure 13 display data from the same vehicles that were presented in the 

baseline condition and the time-based condition.   

 
Figure 12: Speed profiles for selected vehicles during the CV-based condition.  

 

 

Figure 13: Time-space diagrams for selected vehicles during the CV-based 

condition.  
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EXAMPLE APPLICATION 

To demonstrate the effect of the reduced speed zones near school bus stops, the 

researchers applied the speed reduction system to an existing school bus route with eight 

bus stops in rural Virginia (see Figure 5).  Three conditions were modeled as part of this 

analysis: the baseline condition where vehicles traveled at the posted 65 mph, a time-

based speed limit reduction zone, and a connected vehicle speed control system. 

Table 3 presents a summary of the data that was collected during the simulation of the 

example application, though the results will be discussed in detail in the appropriate sub-

sections.  Each simulation was run for thirty minutes to allow all vehicle affected by the 

speed limit reduction to complete the simulation.  Only the vehicles that completed the 

entire simulated segment are considered in the analysis below.   

Similar to the case of the single bus stop, the travel time to complete the segment was 

shortest for the baseline condition where no speed reductions were in place, followed by 

a slightly longer travel time for the simulated connected vehicle environment and a 

longer time for the time-based system.  The emission data was also displayed 

characteristics that were similar to the single bus stop analysis where the baseline 

condition and the CV-based condition were both more favorable than the time-based 

condition for standard vehicles.  As expected, the school bus had the lease amount of 

emissions during the time-based condition for reasons discussed previously. 

The time-based reduced speed zone led to a 17.5% increase in travel time compared to 

the baseline condition and the connected vehicle based speed reduction system led to a 

4.2% increase in travel times compared to the baseline condition. However, despite lower 

speed limits in the speed zone conditions, the emissions are actually higher due to 

vehicles constantly slowing down and accelerating.  
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Table 3: Summary of Data for the Example Application 

 

  

Baseline

Time-based 

Speed 

Reduction

CV-based 

Speed 

Reduction

Number of Vehicles that 

Completed the Segment 249 249 249

Number of Vehicles Affected by 

the Speed Reduction 0 184 79

Average Segment Travel Time 

(seconds) 477.6 561.0 498.4

Average Delay Compared to 

Baseline Condition (seconds)
N/A 83.4 20.8

Average Fuel Consumption (l) 1.2 1.3 1.2

Average HC Emissions (g) 1.6 5.2 1.8

Average CO Emissions (g) 33.7 115.9 37.9

Average NOx Emissions (g) 4.3 4.3 4.4

Average CO2 Emissions (g) 2706.7 2917.4 2759.1

Baseline

Time-based 

Speed 

Reduction

CV-based 

Speed 

Reduction

Bus Travel Time (seconds) 855.1 942.2 904.1

Delay Compared to Baseline 

Condition (seconds)
N/A 87.1 49.0

Fuel Consumption (l) 1.1 1.1 1.1

HC Emissions (g) 2.3 2.3 2.3

CO Emissions (g) 41.0 39.1 40.1

NOx Emissions (g) 8.7 7.8 8.2

CO2 Emissions (g) 2601.0 2452.1 2521.5

Standard Vehicles

AADT = 1100 vpd

School Bus

AADT = 1100 vpd
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Figure 14: Histograms showing the overall characteristics of the example 

application of the baseline condition, the time-based speed reduction condition, and 

the connected vehicle (CV) based speed reduction system.  Refer to Table 3 for more 

information. 
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Standard Vehicle Values (1100 AADT) School Bus Values (1100 AADT) 

  
 

Figure 15: Histograms of average emissions of the example applications of the baseline condition, the time-based speed 

reduction condition, and the connected vehicle (CV) based speed reduction system for standard passenger vehicles (left) and 

the school bus (right).  Refer to Table 3 for more information. 
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Baseline Condition 

Travel time along this link averaged at 477.6 seconds for standard vehicles and 855.1 

seconds for the school bus to complete the route.  This condition did not include a 

reduced speed zone so all vehicles were able to travel the posted speed limit throughout 

the segment.     

Figure 16 and Figure 17, below, display the speed profiles and time-space diagrams of 

selected vehicles during the baseline condition.  The figures demonstrate that vehicles 

that approach the stopped bus early in the simulation are able to pass the school bus after 

it completes the pick-up, however, as the bus continues to stop, the queues increase in 

length which leads to a moving bottleneck as a result of the school bus’s lower operating 

speed. 

 
Figure 16: Speed profiles of selected vehicles during the example application of the 

35 mph speed reduction zones. 

 
Figure 17: Time-space diagrams of selected vehicles during the example application 

of the 35 mph speed reduction zones. 
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Time-based Speed Reduction Zone 

Travel time along this link averaged at 561.0 seconds for standard vehicles and 942.2 

seconds for the school bus to complete the route.  In this condition, the speed limits were 

reduced within a quarter-mile radius of each bus stop was reduced for five minutes before 

and after the scheduled student pick-up time.  As a result some vehicles only had to slow 

down for some, but not all of the school bus stops.  In total, 184 of the 249 vehicles were 

required to reduce their speeds as a result of the school bus stop reduced speed zone. 

Figure 18 and Figure 19 display the speed profiles and time-space diagrams of selected 

vehicles during the time-based speed reduction condition.  As the bus progresses along 

the route, the queue grows and more vehicles become trapped in the congestion caused 

by the school bus stop.  Figure 19 in particular demonstrates the how the 5-minute 

reduced speed zone impacts each vehicle even before and after the school bus is 

scheduled to pick up the students.  For example, vehicle 110 is exempt from reducing 

speeds at the final bus stop since it arrives prior to 5 minutes before the scheduled bus 

pick-up time. 

 
Figure 18: Speed profiles of selected vehicles during the example application of the 

time-based speed reduction zones. 
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Figure 19: Time-space diagrams of selected vehicles during the example application 

of the time-based speed reduction zones. 

Connected Vehicles System with Automated Speed Control  

Travel time along this link averaged at 498.4 seconds for standard vehicles and 904.1 

seconds for the school bus to complete the route.  This indicates an average of 20.8 

seconds of extra driving time per vehicle as a result of the reduced speed limit system.  In 

this condition, the speed limits were automatically reduced once the school bus was a 

quarter-mile from the bus stop.  As a result many vehicles only had to slow down for a 

few of the bus stops, but not all of them.  In total, 79 of the 249 vehicles were required to 

reduce their speeds at some point during the simulation as a result of the school bus stop 

reduced speed zone. 

Figure 20 and Figure 21 display the speed profiles and time-space diagrams of selected 

vehicles during the CV-based speed reduction condition.  Similar to the other conditions, 

as the bus progresses along the route, the queue length increases and more vehicles 

became trapped in the congestion caused by the school bus stop; however, in this case, 

once vehicles were able to pass the school bus, they were able to resume driving at the 

original posted speed limit.  Similarly, once the school bus finished picking up the 

students at the bus stop, the speed limit reduction was lifted. 
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Figure 20: Speed profiles of selected vehicles during the example application of the 

CV-based speed reduction zones. 

 

 
Figure 21: Time-space diagrams of selected vehicles during the example application 

of the CV-based speed reduction zones. 
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LIMITATIONS 

The analysis was performed on a single bus stop and applied to an existing school bus 

route with several consecutive bus stops.  The researchers acknowledge that no two bus 

routes are the same and that the simulation results may vary based on site-specific 

characteristics such as, original posted speed limit, traffic volume, number of bus stops, 

and distance between stops. Since the analysis of the connected vehicle system 

demonstrates a minimal impact on traffic mobility and emissions with a relatively large 

30 mph difference in speed limits (65 mph to 35 mph), the effects are expected to be even 

smaller for applications with smaller speed differences.  When the reduced speed limit is 

applied to a corridor with multiple bus stops or higher traffic volumes, the effects are 

expected to increase due to an increased number of vehicles that will be influenced by the 

reduced speed zones; however, future research on the effect of the connected vehicle 

system is expected to confirm that the increase in mobility and emissions is still minimal.   

The simulation results assume that drivers will comply with the reduced speed limits 

regardless of whether they personally recognize the purpose of the reduced speed limit.  

In reality, drivers may not comply with speed limits that are set to be lower than the 

design speed, especially when traveling conditions do not clearly indicate the necessity 

for the reduced speed.  One system that demonstrates this disparity is the variable speed 

limit system. A study in Missouri calculated that an average of 53.7 percent of drivers 

complied with the posted variable speed limit during non-congested conditions (5).  

Additionally, another study in Florida concluded that speed limit compliance decreases as 

the reduced speed limit becomes lower (i.e., as the posted speed limit decreases, 

compliance also decreases) (6).  These sources indicate that future research and 

simulation on this topic should consider modeling various levels of driver compliance to 

the posted speed limit. 

CONCLUSIONS 

The school bus related speed reduction zones come with a trade-off between safety, travel 

time, and emissions. Lower speed limits near bus stops lead to increased safety, but 

increase the average travel time and emissions when applied on long segments with 

multiple bus stops. Leaving the high speed limit maintains a lower average travel time 

and reduced emissions; however, it could lead to deadly consequences if a vehicle-

pedestrian collision occurs (i.e., a 65 mph pedestrian-vehicle collision is almost always 

fatal for 0-14 year old pedestrians) (3).   

The analysis of the experimental conditions at the single bus stop indicated that the time-

based system and the connected vehicle system would provide increased safety in terms 

of pedestrian crash survivability while only providing a slight increase in average vehicle 

emissions compared to the baseline condition.  The researchers expect that this type of 
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system could provide the most benefit in the long-term application of reduced speed 

zones near school bus stops.   

Future research should include a comprehensive analysis to evaluate the safety 

implications of this connected vehicle system of reducing speeds near school bus stops. 

This analysis is recommended to include an evaluation of intended and unintended 

consequences for students/pedestrians, school bus occupants, and other road users such as 

evaluations driver compliance with the reduced speed limit, its overall impact on traffic 

flow, and crash modification factors. 
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Chapter 9:  CONCLUSIONS 
 

Although school bus transportation is often considered one of the safest ways to transport 

students to and from school, parents and school bus drivers are increasingly concerned about the 

safety of their students while they board or alight the vehicle due to vehicles that illegally pass a 

stopped school bus that is loading or unloading students.  Compounding the problem, sometimes 

school bus stops are located in conditions that are less than ideal, such as around a sight-

restricting curve.  The current practice for increasing awareness of school bus stops around sight-

restricted curves involves installing advance “School Bus Stop Ahead” warning signs prior to the 

obscured bus stop; however, these static signs provide no indication of when school is in session 

or when the bus is expected to pick-up or drop-off students.   

Crash data shows that the number of fatal crashes has remained nearly constant over the past ten 

years, despite a clear decrease in the total number of fatal crashes in the United States.  

Additionally, the data confirms previous research findings that indicate most of the fatal injuries 

in school bus related crashes occur to pedestrians and occupants of other vehicles rather than 

within the school bus itself.   

Illegal driving behavior around stopped school buses puts students and other road users in danger 

of being involved in a school bus related crash.  The laws pertaining to passing a stopped school 

bus varies by State which may lead to confusion, especially if drivers regularly drive in different 

States. Previous research indicated that school bus drivers were concerned about the frequency of 

illegal passing maneuvers; however, the focus of improving compliance has mostly focused on 

issuing warnings and citations for drivers who perform these maneuvers. A survey on driver 

behavior around stopped school buses confirmed that driver behavior around stopped school 

buses is incorrect 25% of the time along undivided four-lane highways, 44% at intersection 

approaches, and 25% along divided highways.  Incorrect responses include drivers who pass a 

school bus illegally or stop when they are not required to stop.  In general, drivers who answered 

with incorrect driving maneuvers were often unsure of their responses, thus indicating that driver 

education could provide an additional benefit towards improving the safety of students while 

loading or unloading from a school bus.  Additionally, in scenarios where drivers frequently 

respond incorrectly (e.g., approaching a stopped school bus at an intersection), it is 

recommended to avoid placing bus stops at these locations. 

Current methods to improve driver compliance around stopped school buses includes county or 

State public education initiatives as well as implementation of automated stop arm enforcement 

programs to prosecute drivers who illegally pass stopped school buses.   
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The analysis of crash data and survey results led to the development of a Concept of Operations 

(ConOps) for a connected vehicle application to improve safety around stopped school buses.  

The focus of this application is to increase awareness around stopped school buses or bus stops.  

The ConOps provided the functional diagrams and algorithms for three operational scenarios for 

an in-vehicle school bus stop alert system.   

1. Messages presented to vehicles approaching an occupied school bus stop 

2. Messages from school buses to other vehicles in the vicinity 

3. Messages from school buses stopped at bus stops to approaching vehicles  

This real-time alert system functions on vehicle-to-vehicle communication via Dedicated Short 

Range Communication (DSRC). 

Twenty-nine subjects participated in an on-road study related to evaluate how drivers respond to 

an in-vehicle message about a stopped school bus ahead even though the school bus was outside 

the driver’s line of sight. The experiment aimed to evaluate drivers’ response to an in-vehicle 

“School Bus Stopped Ahead” message and to similar roadside signing.  Drivers traversed a test 

route that contained four bus stops.  Two bus stops had roadside “School Bus Stop Ahead” 

signing whereas the other two bus stops were indicated by an in-vehicle message that warned of 

a stopped school bus ahead.  Drivers drove past each bus stop location twice: once to gather 

driver responses to a stopped school bus and once to gather baseline driving data.  Driver 

responses were measured in terms of differences in vehicle speeds, longitudinal deceleration, and 

jerk.  There was no clear evidence that indicated significant driver response to the sole existence 

of the roadside sign; however, drivers exhibited a nearly immediate change in deceleration after 

receiving an in-vehicle message.  The dynamic responses to the in-vehicle message conditions 

were numerically similar to the drivers’ immediate responses to seeing a stopped bus on the 

roadway; however, more in-depth research is needed to confirm these findings.  Ultimately, the 

results of the on-road experiment demonstrated that in-vehicle messages will be capable of 

providing drivers with a more timely means of communicating the hazard of a stopped school 

bus ahead.   

Within the framework of further developing the school bus stop connected vehicle message set, 

this dissertation presents a multi-staged approach for implementing the connected vehicle system 

to improve safety around school buses and school bus stops. The message set provides an 

overview of near-term, intermediate-term, and long-term features related to three main connected 

vehicle conditions:  

1. Warning that students are present at a school bus stop ahead 

2. Warning of a stopped bus ahead 

3. Providing an emergency school bus crash notification.   

When the connected vehicle system first becomes available and market penetration is low, this 

first stage for utilizing the connected vehicle system focuses mostly on disseminating reliable 

156



information through V2I communication between school buses and active roadside signing.  As 

market penetration increases, the system can incorporate V2V communication between school 

buses and other road users.  Once the connected vehicle system approaches full market 

penetration, the connected vehicle system can assume a fully connected system with V2I, V2V, 

and autonomous driving capabilities.  This long-range plan for improving safety around school 

buses and school bus stops can lead to the reduction or prevention of future school bus related 

crashes and pave the way for researchers to focus on a trans-disciplinary approach to developing 

the connected vehicle system that encompasses needs of the future transportation system. 

The final chapter of this dissertation builds upon the long-term approach to improving school bus 

safety with connected vehicle technology.  It utilizes microsimulation to evaluate the impact of 

using specialized speed control algorithms to reduce vehicle speeds near bus stops along high 

speed roads.  The concept of reducing speeds near bus stops stems from the injury minimization 

method of setting lower speed limits when pedestrians are expected to be on or near the roadway.  

The simulation evaluated the effect of the reduce speed zone on travel time and emissions when 

the system was considered as a pre-timed speed limit (i.e., all vehicles reduce speeds based on a 

set time frame in which a bus is expected to arrive) and also when the system was modeled as a 

connected vehicle system (i.e., only vehicles near the stopped school bus are required to reduce 

speeds).    

The simulation results were evaluated under two conditions: first at a single isolated bus stop 

then on a corridor with eight bus stops.  The analysis of the experimental conditions at the single 

bus stop indicated that the connected vehicle system would provide increased safety (pedestrian 

crash survivability) while only providing approximately 1.5% increase in travel time and 2.0% 

increase in average vehicle emissions compared to the baseline condition.  Similarly, the time-

based speed reduction system led to an increase of 36% travel time and over 200% increase in 

vehicle emissions compared to the baseline condition.  Similar results were found when applying 

the speed reduction system to the example corridor with eight consecutive bus stops spread 

throughout an eight-mile road segment.  The connected vehicle based speed reduction system led 

to a 4.2% increase in travel times compared to the baseline condition and the time-based reduced 

speed zone led to a 17.5% increase in travel time compared to the baseline condition.  The 

vehicle emissions for the connected vehicle system were approximately one-fifth to one-sixth of 

the emissions of the time-based systems.   The results of the example application were less 

drastic compared to the single bus stop because more vehicles were able to complete the system 

without being affected by a bus stop speed reduction.  In general, leaving a high speed limit 

during school bus pick-up times maintains a lower average travel time and reduced emissions; 

however, it could lead to deadly consequences if a vehicle-pedestrian collision occurs.  The 

connected vehicle system to reduce speed limits only when the school bus is present and picking 

up students provides a safer driving environment while providing minimal increases in travel 

time and vehicle emissions.    
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The data presented in this dissertation leads to the conclusion that reduced speed limits near 

school bus stops would provide the an increase in student/pedestrian safety in a pre-timed or 

fully connected environment.  However, the time-based variable speed limit system leads to 

increased travel times and emissions compared to the connected vehicle system when used along 

corridors with consecutive bus stops. 

FUTURE RESEARCH 

DRIVING STUDY 

The data collection and analysis performed throughout this dissertation evaluates the extent to 

which connected vehicle technology could be used to improve safety around stopped school 

buses.  The outcomes add to the existing body of literature, however, they elicit deeper questions 

on related to the long-term effect of the messages that were developed.  The naturalistic driving 

study in Chapter 6 is subject to novelty and observer effects.  The novelty of this experiment, in 

particular, may result in overrepresentation of the longer-term comparative benefit of one 

treatment over another.  In recognition of the potential impact to the findings, the experiment 

was designed to minimize the impact of these effects.  Future research is needed to identify any 

long-term effects or unintended consequences of the in-vehicle messaging system as it relates to 

this project and beyond. 

Additionally, due to the quick driver response to the in-vehicle message in Chapter 6, the 

researchers suggest that future studies evaluate the effect of reducing the time in which the 

message is deployed.  In the current study, the researchers assumed a conservative reaction time 

of 2.5 seconds and avoided deploying the messages while traveling on a curved section of the 

roadway, however, given the results of this study, the researchers suggest that future research 

evaluate the effect of relaxing these criteria.   

Future research may involve studying the effectiveness of different in-vehicle message designs 

and aural accompaniment to ensure the most effective design is used in a final version of the 

application.  Future research may also consider addressing how other road users (e.g., bicyclists) 

may receive or be affected by school bus messages.  Finally, future research should evaluate the 

extent to which the in-vehicle school bus alerts provides duplicate information to existing safety 

messages such as pre-emptive collision warnings and imminent collision warnings.  

At this time, the costs and benefits of the connected vehicle system are still in a state of flux; 

however, it would be prudent to evaluate the overall economic impact of the connected vehicle 

system.  To aid in future research on this topic, Appendix G provides a framework for 

performing an economic analysis.  This framework establishes the procedure for determining the 

financial impact of the system in terms of the overall benefits and implementation costs of the 

connected vehicle system.  The benefits are suggested to be the overall cost-savings from 

prevented collisions and reduced congestion (time and emissions-savings).  The costs are 

suggested to include the cost of instrumenting the roadway, instrumenting individual vehicles, 
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and developing the applications.  The development and implementation costs are expected to 

remain high for several more years until the technology becomes reliable enough to be mass 

produced and included in showroom vehicles.  

SIMULATION STUDY 

Due to the limitations of the existing simulation package, the research presented in this 

dissertation modeled a corridor using the time-based system for reducing speed limits near 

school bus stops.  Future research should focus on modeling the connected vehicle interactions to 

evaluate the potential improvement that results from a fully connected environment. 

Other future research should include a comprehensive analysis to evaluate the safety implications 

of this connected vehicle system of reducing speeds near school bus stops. This analysis is 

recommended to include an evaluation of intended and unintended consequences for 

students/pedestrians, school bus occupants, and other road users such as evaluations driver 

compliance with the reduced speed limit, its overall impact on traffic flow, and crash 

modification factors. 

Prior to mainstream implementation, a future experiment should confirm the findings of this 

research through a well-designed road study that includes connected vehicle speed control 

systems, as described in Chapter 8.  This study should compare the actual impact of the 

connected vehicle system compared to the impact predicted by the microsimulation results.  The 

road study should also evaluate driver compliance with the reduced speed zones. 
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APPENDIX A: CRASH DATA ANALYSIS USING THE GENERAL 

ESTIMATES SYSTEM 

This appendix presents data gathered through the National Highway Traffic Safety 

Administration’s General Estimates System (GES) Database from 2009-2013.  The GES 

Database collects a representative sample of police reported crashes from 60 areas across the 

United States.  These crashes are then assigned a weighting factor that can be applied to estimate 

the national number of crashes.  

When considering crash scenarios that are relatively rare, such as school bus related crashes, the 

GES Database may provide values that are less reliable than more common crash scenarios.  In 

Table 1, notice that the weighted number of school bus related crashes fluctuates by up to 5,000 

crashes each year. 

Table 1: Number of school bus related cases reported in GES next to the weighted number 

of school bus related crashes. 

Year 

Number of School Bus 

Related Cases in GES 

Weighted Number of 

School Bus Related Cases 

2009 204 30,561 

2010 205 29,294 

2011 283 35,025 

2012 261 30,549 

2013 198 34,681 

Grand Total 1,151 160,110 
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To demonstrate the inconsistencies of applying the weighting factors to small sample sizes, 

Table 2 compares the results of the number of people killed in school bus related crashes using 

GES data and data from the Fatality Analysis Reporting System (FARS). 

Table 2: Fatal injury estimates from GES compared against actual fatal injuries from 

FARS. 

Person Type 2009 2010 2011 2012 2013 

Grand 

Total Average 

Driver GES (estimated) 32  46  298  252  224  852  170.5 

 FARS (actual) 73 74 77 75 82 381 76.2 

Passenger GES (estimated) 15  24 - - - 39  7.8 

 FARS (actual) 23 26 20 27 21 117 23.4 

Pedestrian GES (estimated) 12  - - 12  64  88  17.59 

 FARS (actual) 21 26 21 27 22 117 23.4 

Bicyclist GES (estimated) - - - - - - - 

 FARS (actual) 1 3 4 3 3 14 2.8 

Other GES (estimated) - - - - - - - 

 FARS (actual) 0 1 1 0 2 4 0.8 

Grand Total - GES 59 71  298  263  289  979  195.8 

Grand Total - FARS 118 130 123 132 130 633 126.6 

 

Despite its shortcomings, GES is able to provide a rough estimate of the number of injuries that 

occur in school bus related crashes (Table 3).  Based on Table 2, we can assume that GES is 

overestimating the number and type of injuries that occur, especially in more recent years. 
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Table 3: Injury severity estimates from GES based on person type for all people involved in the crash. 

Injury Severity 2009 2010 2011 2012 2013  Grand Total  

Fatal Injury                       59             71           298           263           289                 979  

Driver                       32             46           298           252           224                  852  

Passenger                       15             24  - - -                   39  

Pedestrian                       12  - -            12             64                    88  

Incapacitating Injury                  1,218           999           963        1,400        1,164              5,744  

Driver                      956           869           480         1,170           911                4,386  

Passenger                      187             91           344           107             99                  829  

Pedestrian                       40             20           135           122           153                  471  

Bicyclist                       35             18  - - -                   54  

Persons on Personal Conveyances - -              5  - -                     5  

Injured, Severity Unknown                  1,784           276           629           771        1,307              4,767  

Driver                      483           276           629           702           541                2,631  

Passenger                   1,301  - -            69           422                1,792  

Pedestrian - - - -          344                  344  

No Injury              326,799    226,890    151,447    124,905    140,754          970,796  

Driver                104,475       86,352     120,213       99,691     105,364            516,095  

Passenger                220,866     138,341       30,714       24,053       34,339            448,314  

Occupant of a Motor Vehicle not in Transport                   1,247         2,196           520         1,162         1,051                6,177  

Pedestrian                      211  - - - -                 211  

Non-Incapacitating Evident Injury                  7,056        6,387        6,080        6,179        9,377            35,079  

Driver                   3,643         3,682         2,664         3,434         4,511              17,934  

Passenger                   2,856         2,440         3,175         2,575         4,550              15,597  

Occupant of a Motor Vehicle not in Transport - -            11             48  -                   59  

Pedestrian                      540           209           195           113           238                1,296  

Bicyclist -            56             35               6             54                  151  

Persons on Personal Conveyances 

 

 

 

 

                      17  - -              3             23                    43  
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Injury Severity (continued) 2009 2010 2011 2012 2013  Grand Total  

Not Reported or Unknown                  5,352        3,572        2,907        3,652        7,290            22,772  

Driver                   4,651         3,259         2,907         3,641         4,764              19,221  

Passenger                      395           313  -              5         2,526                3,240  

Occupant of a Motor Vehicle not in Transport                      306  - -              5  -                 311  

Possible Injury                21,299      11,918      16,806      11,115      32,046            93,184  

Driver                   6,185         4,703         7,668         7,098         9,516              35,170  

Passenger                 15,091         6,916         8,912         4,017       22,180              57,116  

Pedestrian                       22  - - -          350                  373  

Bicyclist -          299           226  - -                 525  

Grand Total              363,567    250,114    179,129    148,285    192,226       1,133,321  
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The GES data in Table 4 indicates that a majority of the school bus occupants that are involved 

in school bus related crashes often remain unharmed. 

Table 4: Number of school bus occupants that were injured in school bus related crashes. 

Injury Severity 2009 2010 2011 2012 2013 Grand 

Total 

Fatal Injury            23            35  -         13          35              107  

Incapacitating Injury          427          389        14        119          49              998  

Non-Incapacitating Evident Injury        2,275       2,542      198        845     1,880          7,740  

Possible Injury      10,632       4,287      984     1,897     7,258          25,058  

Injured, Severity Unknown          859          138  -       109  -          1,106  

No Injury    174,762  112,591   2,690   20,277   29,814        340,135  

Not Reported or Unknown        2,968       1,651      225        509     1,054           6,406  

Grand Total    191,946   121,633  4,110  23,769  40,091        381,550  

 

Pedestrians are considered vulnerable road users because they are most likely to receive injuries 

if a crash occurs.  The data in Table 5 indicates that less than 10% of pedestrians involved in 

school bus related crashes escape without injuries.  The most common injury severity is a non-

incapacitating evident injury, accounting for nearly half of the pedestrian injuries. 

Table 5: Injury severity for pedestrians involved in school bus related crashes. 

Injury Severity 2009 2010 2011 2012 2013 Grand 

Total 

Average 

Fatal Injury       12  - -     12       64        88       17.6  

Incapacitating Injury       40       20        135    122     153       471       94.2  

Non-Incapacitating Evident Injury     540      209        195     113     238    1,296     259.1  

Possible Injury       22  - - -    350       373       74.5  

Injured, Severity Unknown - - - -    344       344       68.8  

No Injury     211  - - - -      211       42.1  

Grand Total     826      230       330     247 1,150    2,782     556.4  

 

Pedestrian location at the time of the crash are not always reported or known based on crash 

report data, Of the reported pedestrian locations, pedestrians are most often injured when they 

are on the roadway (not in a crosswalk) or on the sidewalk (Table 6). 
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Table 6: Location of pedestrians injured in school bus related crashes. 

 Injury Severity Fatal 

Injury 

Incapacitating 

Injury 

Non-

Incapacitating 

Evident Injury 

Possible 

Injury 

Injured, 

Severity 

Unknown 

No 

Injury 

Gran

d 

Total 

In
te

rs
ec

ti
o

n
 Marked Crosswalk       12                    75                      45  - - - 131  

Not in Crosswalk - -                    24  - - - 24  

Unmarked Crosswalk        12                    59                     78  - - - 149  

Unknown Location -                   30                     83  -          344  - 458  

N
o

n
-

In
te

rs
ec

ti
o

n
 In Marked Crosswalk - - 12  - - - 12  

On Roadway -                   11  9  - - - 20  

On Roadway, No X-walk 64                  268  217  - - - 549  

Non-Trafficway Area -                     8  - - - - 8  

 Driveway Access - - 68  - - - 68  

 Median/Crossing Island -                   20  16  - - - 36  

 Shared-Use Path/Trail - -                     18  - - - 18  

 Shoulder/Roadside - -                     25  - - - 25  

 Sidewalk - -                   113           350  - - 464  

 Other or Unknown - -                   587             22  -      211  821  

 Grand Total 88                 471  1,296          373  344  211  2,782  
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The GES data indicates that school bus related crashes most often occur during school bus pick-

up and drop-off times (83% of the time).  Crashes outside of these time frames may be a result of 

special situations such as early release days or after school activity buses. 

Table 7: Time of day when school bus related crashes typically occur. 

Time of 

Crash 

2009 2010 2011 2012 2013 Grand 

Total 

Percent 

12am-5am          632           296           174           390             65          1,556  1% 

6am-9am      10,730       11,006       14,235       11,605       14,469        62,045  40% 

10am-1pm       4,443         4,405         4,433         3,796         4,063        21,139  14% 

2pm-5pm      13,590       13,334       14,592       12,157       13,250        66,923  43% 

5pm-12am          239             66           981         1,054         2,188          4,527  3% 

Grand Total    29,633     29,107      34,415      29,002      34,034       156,190  100% 
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APPENDIX B: EXPANDED DATA RESULTS OF CHAPTER 6 
 

The data in this appendix coincide with statistical analysis that was presented within Chapter 4 of 

this dissertation.  The data is a direct output from the JMP statistical analysis software. 

REGULAR ALIGNMENT – SAME SIDE AS BUS 

CONTINGENCY TABLE 

Count 

Correct Incorrect   

%Total 

Expected 

Confident 149 16 165 

73.4% 7.9% 81.3% 

139.0 26.0   

Unsure 22 16 38 

10.8% 7.9% 18.7% 

32.0 6.0   

  

171 32 203 

84.2% 15.8% 

 

MOSAIC PLOT 

 

  

STATISTICAL TESTS 

Test ChiSquare Prob>ChiSq 

Likelihood Ratio 20.115 <.0001 

Pearson 24.43 <.0001 

 

Fisher's Exact Test Prob Alternative Hypothesis 

Left 1 
Prob(Regular Align - Same Side - Maneuver=Incorrect) is greater for 
Regular Align - Same Side - Confidence=Confident than Unsure 

Right <.0001 
Prob(Regular Align - Same Side - Maneuver=Incorrect) is greater for 
Regular Align - Same Side - Confidence=Unsure than Confident 

2-Tail <.0001 
Prob(Regular Align - Same Side - Maneuver=Incorrect) is different 
across Regular Align - Same Side – Confidence 

 

  

167



REGULAR ALIGNMENT – OPPOSITE SIDE AS BUS 

CONTINGENCY TABLE 

Count 

Correct Incorrect   

%Total 

Expected 

Confident 114 34 148 

56.2% 16.7% 72.9% 

98.4 49.6   

Unsure 21 34 55 

10.3% 16.7% 27.1% 

36.6 18.4   

  

135 68 203 

66.5% 33.5% 

 

MOSAIC PLOT 

 

 

STATISTICAL TESTS 

Test ChiSquare Prob>ChiSq 

Likelihood 
Ratio 26.211 <.0001 

Pearson 27.161 <.0001 

 

Fisher's Exact 
Test Prob Alternative Hypothesis 

Left 1 
Prob(Regular Align - Opp Side - Maneuver=Incorrect) is greater for Regular Align - 
Opp Side - Confidence=Confident than Unsure 

Right <.0001 
Prob(Regular Align - Opp Side - Maneuver=Incorrect) is greater for Regular Align - 
Opp Side - Confidence=Unsure than Confident 

2-Tail <.0001 
Prob(Regular Align - Opp Side - Maneuver=Incorrect) is different across Regular 
Align - Opp Side - Confidence 
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INTERSECTION APPROACH 1 – THROUGH  

CONTINGENCY TABLE 

Count 

Correct Incorrect   

%Total 

Expected 

Confident 154 10 164 

75.9% 4.9% 80.8% 

146.2 17.8   

Unsure 27 12 39 

13.3% 5.9% 19.2% 

34.8 4.2   

  

181 22 203 

89.2% 10.8% 

 

MOSAIC PLOT 

 

 

STATISTICAL TESTS 

Test ChiSquare Prob>ChiSq 

Likelihood 
Ratio 15.832 <.0001 

Pearson 19.847 <.0001 

 

Fisher's Exact 
Test Prob Alternative Hypothesis 

Left 1 
Prob(Intersection Approach 1 - Through - Maneuver=Incorrect) is greater 
for Intersection Approach 1 - Through - Confidence=Confident than Unsure 

Right <.0001 
Prob(Intersection Approach 1 - Through - Maneuver=Incorrect) is greater 
for Intersection Approach 1 - Through - Confidence=Unsure than Confident 

2-Tail <.0001 
Prob(Intersection Approach 1 - Through - Maneuver=Incorrect) is different 
across Intersection Approach 1 - Through - Confidence 
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INTERSECTION APPROACH 1 – RIGHT TURN  

CONTINGENCY TABLE 

Count 

Correct Incorrect   

%Total 

Expected 

Confident 162 1 163 

79.8% 0.5% 80.3% 

158.2 4.8   

Unsure 35 5 40 

17.2% 2.5% 19.7% 

38.8 1.2   

  

197 6 203 

97.0% 3.0% 

 

MOSAIC PLOT 

 

 

STATISTICAL TESTS 

Test ChiSquare Prob>ChiSq 

Likelihood 
Ratio 11.755 0.0006 

Pearson 15.821 <.0001 

 

Fisher's Exact 
Test Prob Alternative Hypothesis 

Left 1 
Prob(Intersection Approach 1 - Right - Maneuver=Incorrect) is greater for 
Intersection Approach 1 - Right - Confidence=Confident than Unsure 

Right 0.0012 
Prob(Intersection Approach 1 - Right - Maneuver=Incorrect) is greater for 
Intersection Approach 1 - Right - Confidence=Unsure than Confident 

2-Tail 0.0012 
Prob(Intersection Approach 1 - Right - Maneuver=Incorrect) is different 
across Intersection Approach 1 - Right - Confidence 
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INTERSECTION APPROACH 1 – LEFT TURN  

CONTINGENCY TABLE 

Count 

Correct Incorrect   

%Total 

Expected 

Confident 143 13 156 

70.4% 6.4% 76.8% 

136.0 20.0   

Unsure 34 13 47 

16.7% 6.4% 23.2% 

41.0 6.0   

  

177 26 203 

87.2% 12.8% 

 

MOSAIC PLOT 

 

 

STATISTICAL TESTS 

Test ChiSquare Prob>ChiSq 

Likelihood 
Ratio 10.458 0.0012 

Pearson 12.08 0.0005 

 

Fisher's Exact 
Test Prob Alternative Hypothesis 

Left 0.9997 
Prob(Intersection Approach 1 - Left - Maneuver=Incorrect) is greater for 
Intersection Approach 1 - Left - Confidence=Confident than Unsure 

Right 0.0012 
Prob(Intersection Approach 1 - Left - Maneuver=Incorrect) is greater for 
Intersection Approach 1 - Left - Confidence=Unsure than Confident 

2-Tail 0.0018 
Prob(Intersection Approach 1 - Left - Maneuver=Incorrect) is different 
across Intersection Approach 1 - Left - Confidence 
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INTERSECTION APPROACH 2 – THROUGH  

CONTINGENCY TABLE 

Count 

Correct Incorrect   

%Total 

Expected 

Confident 59 51 110 

29.1% 25.1% 54.2% 

43.3 66.7   

Unsure 21 72 93 

10.3% 35.5% 45.8% 

36.7 56.3   

  

80 123 203 

39.4% 60.6% 

 

MOSAIC PLOT 

 

 

STATISTICAL TESTS 

Test ChiSquare Prob>ChiSq 

Likelihood 
Ratio 20.976 <.0001 

Pearson 20.354 <.0001 

 

Fisher's Exact 
Test Prob Alternative Hypothesis 

Left 1 
Prob(Intersection Approach 2 - Through - Maneuver=Incorrect) is greater 
for Intersection Approach 2 - Through - Confidence=Confident than Unsure 

Right <.0001 
Prob(Intersection Approach 2 - Through - Maneuver=Incorrect) is greater 
for Intersection Approach 2 - Through - Confidence=Unsure than Confident 

2-Tail <.0001 
Prob(Intersection Approach 2 - Through - Maneuver=Incorrect) is different 
across Intersection Approach 2 - Through - Confidence 
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INTERSECTION APPROACH 2 – RIGHT TURN  

CONTINGENCY TABLE 

Count 

Correct Incorrect   

%Total 

Expected 

Confident 29 86 115 

14.3% 42.4% 56.7% 

21.0 94.0   

Unsure 8 80 88 

3.9% 39.4% 43.3% 

16.0 72.0   

  

37 166 203 

18.2% 81.8% 

 

 

MOSAIC PLOT 

 

 

STATISTICAL TESTS 

Test ChiSquare Prob>ChiSq 

Likelihood 
Ratio 9.274 0.0023 

Pearson 8.699 0.0032 

 

Fisher's Exact 
Test Prob Alternative Hypothesis 

Left 0.9994 
Prob(Intersection Approach 2 - Right - Maneuver=Incorrect) is greater for 
Intersection Approach 2 - Right - Confidence=Confident than Unsure 

Right 0.0023 
Prob(Intersection Approach 2 - Right - Maneuver=Incorrect) is greater for 
Intersection Approach 2 - Right - Confidence=Unsure than Confident 

2-Tail 0.0032 
Prob(Intersection Approach 2 - Right - Maneuver=Incorrect) is different 
across Intersection Approach 2 - Right - Confidence 

 

  

173



INTERSECTION APPROACH 2 – LEFT TURN  

CONTINGENCY TABLE 

Count 

Correct Incorrect   

%Total 

Expected 

Confident 93 25 118 

45.8% 12.3% 58.1% 

77.3 40.7   

Unsure 40 45 85 

19.7% 22.2% 41.9% 

55.7 29.3   

  

133 70 203 

65.5% 34.5% 

 

MOSAIC PLOT 

 

 

STATISTICAL TESTS 

Test ChiSquare Prob>ChiSq 

Likelihood 
Ratio 22.124 <.0001 

Pearson 22.053 <.0001 

 

Fisher's Exact 
Test Prob Alternative Hypothesis 

Left 1 
Prob(Intersection Approach 2 - Left - Maneuver=Incorrect) is greater for 
Intersection Approach 2 - Left - Confidence=Confident than Unsure 

Right <.0001 
Prob(Intersection Approach 2 - Left - Maneuver=Incorrect) is greater for 
Intersection Approach 2 - Left - Confidence=Unsure than Confident 

2-Tail <.0001 
Prob(Intersection Approach 2 - Left - Maneuver=Incorrect) is different 
across Intersection Approach 2 - Left - Confidence 
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INTERSECTION APPROACH 3 – THROUGH  

CONTINGENCY TABLE 

Count 

Correct Incorrect   

%Total 

Expected 

Confident 83 44 127 

40.9% 21.7% 62.6% 

70.7 56.3   

Unsure 30 46 76 

14.8% 22.7% 37.4% 

42.3 33.7   

  

113 90 203 

55.7% 44.3% 

 

MOSAIC PLOT  

 

 

STATISTICAL TESTS 

Test ChiSquare Prob>ChiSq 

Likelihood 
Ratio 12.954 0.0003 

Pearson 12.905 0.0003 

 

Fisher's Exact 
Test Prob Alternative Hypothesis 

Left 0.9999 

Prob(Intersection Approach 3 - Through - Maneuver=Incorrect) is greater 
for Intersection Approach 3 - Through - Confidence=Confident than 
Unsure 

Right 0.0003 

Prob(Intersection Approach 3 - Through - Maneuver=Incorrect) is greater 
for Intersection Approach 3 - Through - Confidence=Unsure than 
Confident 

2-Tail 0.0004 
Prob(Intersection Approach 3 - Through - Maneuver=Incorrect) is 
different across Intersection Approach 3 - Through - Confidence 
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INTERSECTION APPROACH 3 – RIGHT TURN  

CONTINGENCY TABLE 

Count 

Correct Incorrect   

%Total 

Expected 

Confident 21 87 108 

10.3% 42.9% 53.2% 

14.9 93.1   

Unsure 7 88 95 

3.4% 43.3% 46.8% 

13.1 81.9   

  

28 175 203 

13.8% 86.2% 

 

MOSAIC PLOT 

 

 

 

STATISTICAL TESTS 

Test ChiSquare Prob>ChiSq 

Likelihood 
Ratio 6.498 0.0108 

Pearson 6.199 0.0128 

 

Fisher's Exact 
Test Prob Alternative Hypothesis 

Left 0.9971 
Prob(Intersection Approach 3 - Right - Maneuver=Incorrect) is greater for 
Intersection Approach 3 - Right - Confidence=Confident than Unsure 

Right 0.0101 
Prob(Intersection Approach 3 - Right - Maneuver=Incorrect) is greater for 
Intersection Approach 3 - Right - Confidence=Unsure than Confident 

2-Tail 0.0144 
Prob(Intersection Approach 3 - Right - Maneuver=Incorrect) is different 
across Intersection Approach 3 - Right - Confidence 
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INTERSECTION APPROACH 3 – LEFT TURN  

CONTINGENCY TABLE 

Count 

Correct Incorrect   

%Total 

Expected 

Confident 100 25 125 

49.3% 12.3% 61.6% 

84.4 40.6   

Unsure 37 41 78 

18.2% 20.2% 38.4% 

52.6 25.4   

  

137 66 203 

67.5% 32.5% 

 

MOSAIC PLOT 

 

 

STATISTICAL TESTS 

Test ChiSquare Prob>ChiSq 

Likelihood 
Ratio 23.026 <.0001 

Pearson 23.212 <.0001 

 

Fisher's Exact 
Test Prob Alternative Hypothesis 

Left 1 
Prob(Intersection Approach 3 - Left - Maneuver=Incorrect) is greater for 
Intersection Approach 3 - Left - Confidence=Confident than Unsure 

Right <.0001 
Prob(Intersection Approach 3 - Left - Maneuver=Incorrect) is greater for 
Intersection Approach 3 - Left - Confidence=Unsure than Confident 

2-Tail <.0001 
Prob(Intersection Approach 3 - Left - Maneuver=Incorrect) is different 
across Intersection Approach 3 - Left - Confidence 
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INTERSECTION APPROACH 4 – THROUGH  

CONTINGENCY TABLE 

Count 

Correct Incorrect   

%Total 

Expected 

Confident 73 32 105 

36.0% 15.8% 51.7% 

54.3 50.7   

Unsure 32 66 98 

15.8% 32.5% 48.3% 

50.7 47.3   

  

105 98 203 

51.7% 48.3% 

 

MOSAIC PLOT 

 

 

STATISTICAL TESTS 

Test ChiSquare Prob>ChiSq 

Likelihood 
Ratio 28.247 <.0001 

Pearson 27.597 <.0001 

 

Fisher's Exact 
Test Prob Alternative Hypothesis 

Left 1 

Prob(Intersection Approach 4 - Through - Maneuver=Incorrect) is greater 
for Intersection Approach 4 - Through - Confidence=Confident than 
Unsure 

Right <.0001 

Prob(Intersection Approach 4 - Through - Maneuver=Incorrect) is greater 
for Intersection Approach 4 - Through - Confidence=Unsure than 
Confident 

2-Tail <.0001 
Prob(Intersection Approach 4 - Through - Maneuver=Incorrect) is 
different across Intersection Approach 4 - Through - Confidence 

 

 

  

178



INTERSECTION APPROACH 4 – RIGHT TURN  

CONTINGENCY TABLE 

Count 

Correct Incorrect   

%Total 

Expected 

Confident 84 53 137 

41.4% 26.1% 67.5% 

72.2 64.8   

Unsure 23 43 66 

11.3% 21.2% 32.5% 

34.8 31.2   

  

107 96 203 

52.7% 47.3% 

 

MOSAIC PLOT 

 

 

STATISTICAL TESTS 

Test ChiSquare Prob>ChiSq 

Likelihood 
Ratio 12.636 0.0004 

Pearson 12.516 0.0004 

 

Fisher's Exact 
Test Prob Alternative Hypothesis 

Left 0.9999 
Prob(Intersection Approach 4 - Right - Maneuver=Incorrect) is greater for 
Intersection Approach 4 - Right - Confidence=Confident than Unsure 

Right 0.0003 
Prob(Intersection Approach 4 - Right - Maneuver=Incorrect) is greater for 
Intersection Approach 4 - Right - Confidence=Unsure than Confident 

2-Tail 0.0005 
Prob(Intersection Approach 4 - Right - Maneuver=Incorrect) is different 
across Intersection Approach 4 - Right - Confidence 
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INTERSECTION APPROACH 4 – LEFT TURN  

CONTINGENCY TABLE 

Count 

Correct Incorrect   

%Total 

Expected 

Confident 51 58 109 

25.1% 28.6% 53.7% 

36.0 73.0   

Unsure 16 78 94 

7.9% 38.4% 46.3% 

31.0 63.0   

  

67 136 203 

33.0% 67.0% 

 

MOSAIC PLOT 

 

 

STATISTICAL TESTS 

Test ChiSquare Prob>ChiSq 

Likelihood 
Ratio 21.064 <.0001 

Pearson 20.227 <.0001 

 

Fisher's Exact 
Test Prob Alternative Hypothesis 

Left 1 
Prob(Intersection Approach 4 - Left - Maneuver=Incorrect) is greater for 
Intersection Approach 4 - Left - Confidence=Confident than Unsure 

Right <.0001 
Prob(Intersection Approach 4 - Left - Maneuver=Incorrect) is greater for 
Intersection Approach 4 - Left - Confidence=Unsure than Confident 

2-Tail <.0001 
Prob(Intersection Approach 4 - Left - Maneuver=Incorrect) is different 
across Intersection Approach 4 - Left - Confidence 
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HIGHWAY – CONCRETE BARRIER 

CONTINGENCY TABLE 

Count 

Correct Incorrect   

%Total 

Expected 

Confident 119 36 155 

59.2% 17.9% 77.1% 

116.4 38.6   

Unsure 32 14 46 

15.9% 7.0% 22.9% 

34.6 11.4   

  

151 50 201 

75.1% 24.9% 

 

MOSAIC PLOT 

 

 

STATISTICAL TESTS 

Test ChiSquare Prob>ChiSq 

Likelihood 
Ratio 0.956 0.3281 

Pearson 0.986 0.3206 

 

Fisher's Exact 
Test Prob Alternative Hypothesis 

Left 0.8814 
Prob(Highway - Concrete Barrier - Maneuver=Incorrect) is greater for 
Highway - Concrete Barrier - Confidence=Confident than Unsure 

Right 0.2103 
Prob(Highway - Concrete Barrier - Maneuver=Incorrect) is greater for 
Highway - Concrete Barrier - Confidence=Unsure than Confident 

2-Tail 0.3355 
Prob(Highway - Concrete Barrier - Maneuver=Incorrect) is different across 
Highway - Concrete Barrier - Confidence 
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HIGHWAY – GRASSY MEDIAN 

CONTINGENCY TABLE 

Count 

Correct Incorrect   

%Total 

Expected 

Confident 120 25 145 

59.7% 12.4% 72.1% 

113.3 31.7   

Unsure 37 19 56 

18.4% 9.5% 27.9% 

43.7 12.3   

  

157 44 201 

78.1% 21.9% 

 

MOSAIC PLOT 

 

 

STATISTICAL TESTS 

Test ChiSquare Prob>ChiSq 

Likelihood 
Ratio 6.205 0.0127 

Pearson 6.579 0.0103 

 

Fisher's Exact 
Test Prob Alternative Hypothesis 

Left 0.9964 
Prob(Highway - Grassy Median - Maneuver=Incorrect) is greater for 
Highway - Grassy Median - Confidence=Confident than Unsure 

Right 0.0101 
Prob(Highway - Grassy Median - Maneuver=Incorrect) is greater for 
Highway - Grassy Median - Confidence=Unsure than Confident 

2-Tail 0.0135 
Prob(Highway - Grassy Median - Maneuver=Incorrect) is different across 
Highway - Grassy Median - Confidence 
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HIGHWAY – GRASSY MEDIAN WITH TURN LANE 

CONTINGENCY TABLE 

Count 

Correct Incorrect   

%Total 

Expected 

Confident 85 27 112 

42.3% 13.4% 55.7% 

81.4 30.6   

Unsure 61 28 89 

30.3% 13.9% 44.3% 

64.6 24.4   

  

146 55 201 

72.6% 27.4% 

 

MOSAIC PLOT 

 

 

STATISTICAL TESTS 

Test ChiSquare Prob>ChiSq 

Likelihood 
Ratio 1.344 0.2464 

Pearson 1.349 0.2454 

 

Fisher's Exact 
Test Prob Alternative Hypothesis 

Left 0.9065 

Prob(Highway - Grassy Median with TurnLane - Maneuver=Incorrect) is 
greater for Highway - Grassy Median with TurnLane - 
Confidence=Confident than Unsure 

Right 0.1581 

Prob(Highway - Grassy Median with TurnLane - Maneuver=Incorrect) is 
greater for Highway - Grassy Median with TurnLane - Confidence=Unsure 
than Confident 

2-Tail 0.2676 
Prob(Highway - Grassy Median with TurnLane - Maneuver=Incorrect) is 
different across Highway - Grassy Median with TurnLane - Confidence 
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APPENDIX C: TEST PLAN FOR THE SCHOOL BUS STOP 

APPLICATION IN-VEHICLE MESSAGE ROAD TESTING 
 

This test plan coincides with Chapter 6 of this dissertation.  It was developed in conjunction with 

researchers at the Virginia Tech Transportation Institute with input on experimental design and 

analysis provided by Dr. Bryan Katz. 

 

STUDY OBJECTIVES 

This document describes the test plan to evaluate the effect of an in-vehicle informational 

message and warning message related to driving behavior in the vicinity of a school bus or 

school bus stop.   

MOTIVATION 

In 2010, 249 buses were involved in fatal 

crashes, and approximately 12,000 buses were 

involved in crashes that resulted in injuries
1
. 

The total number of buses involved in crashes 

with other motor vehicles, pedestrians, or 

objects was approximately 54,000 in the United 

States
1
. Of the 249 fatal crashes reported above, 

114 involved school buses, 37 involved cross-

country/intercity buses, 83 involved transit 

buses, and 15 were other or unknown. Buses 

are particularly susceptible to rear-end conflicts 

due to their frequent decelerating and stopping 

behavior in traffic. Statistics indicate that the 

rear of the bus is the most frequent initial point 

of impact during a crash (approximately 28 

percent of the 54,000 crashes
1
). These rear-end collisions occurring in 2010 resulted in 35 

fatalities, 2,000 injuries, and 13,000 incidents of property damage. Fatalities resulting from 

collisions with passenger buses are often the light vehicle motorists
1,2

. When analyzing Buses 

                                                 

1
 National Highway Traffic Safety Administration. (2011). Traffic Safety Facts 2010. Retrieved on October 15, 

2012, from: http://www-nrd.nhtsa.dot.gov/CATS/listpublications.aspx?Id= 

E&ShowBy=DocType. 

2
 School Transportation News. (2012). School Bus Safety Data. Retrieved on October 15, 2012, from 

http://www.stnonline.com/resources/10-safety/786-school-bus-safety-data. 

Figure 1: School Bus Stop on Blind Curve 

for Oncoming Traffic 
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Involved in Fatal Accidents (BIFA) data, Blower et al.
3
 found that driver error leading to the 

crash was more likely to have occurred in the striking vehicle than the vehicle being struck. 

Therefore, rear-end collisions with buses is a concern for the entire motoring public. Blower et 

al.
3
 stated that the high proportion of rear-end crashes during which the bus was struck suggested 

that improved conspicuity and increased awareness of the stopped bus could enhance the safety 

of the situation.  While there are safety technologies (e.g., collision warning systems, forward 

collision warnings, adaptive cruise control) equipped in today’s vehicles, it is recognized
4,5

 that 

these current safety technologies have limitations around curves and over hills due to restricted 

line of sight.  For instance, when a forward collision warning (FCW)-equipped vehicle is 

traversing a sharp curve, the stopped vehicle may not be within the system’s sensor range due to 

its limited azimuthal coverage.  The same can be said for situations when an FCW-equipped 

vehicle is cresting the top of a hill and the FCW sensor’s coverage is aimed above the 

descending roadway on the other side.   Connected-vehicle communications, particularly 

dedicated short-range communications (DSRC), could be used to provide following traffic with 

in-vehicle notifications of the stopped bus, especially when the bus is stopped over a hill or 

around a blind curve.  DSRC provides an “extended information horizon” and lets the drivers 

“see over hills and around curves”
6
.  This project would provide a novel opportunity to apply this 

enhanced capability to increasing awareness of stopped buses during these moments of obscurity 

from the flow of traffic. 

Although connected-vehicle communications (e.g., DSRC, cellular, WiFi) could be applied to all 

passenger bus types (e.g., transit, school, motorcoach), this work focuses on school buses (Figure 

1) engaged in pupil transportation.  

School bus drivers face unique safety concerns as professional drivers. They carry what is 

perhaps the nation’s most precious cargo: our children. Every school day, more than 25 million 

school-aged children are transported to and from school on nearly 480,000 school buses. This 

annually equates to approximately 20 billion boardings and de-boardings of school buses 

throughout the United States
2
. Many of these boardings and de-boardings result in school buses 

stopped in the roadway. This scenario is considered one of the most dangerous situations for a 

school bus and its student riders. Connected-vehicle technology could be the solution for 

improving bus conspicuity and increasing awareness of a stopped school bus to other roadway 

users. 

 

                                                 

3
 Blower, D., Matteson, A., Shrank, M. (2004). Motor Carrier Type and Factors Associated with Fatal Bus Crashes.  

UMTRI-2004-03. Federal Motor Carrier Safety Administration, Washington, DC.   
4
 Houser, A., Pierowicz, J., McClellan, R. (2005). Concept of Operations and Voluntary Operational Requirements 

for Automated Cruise Control/Collision Warning System (ACC/CWS) On-board Commercial Motor Vehicles.  

FMCSA-MCRR-05-007. Federal Motor Carrier Safety Administration. Washington, DC. 
5

 Transport Canada. (2011). Forward Collision Warning and Braking. Retrieved from 

http://www.tc.gc.ca/eng/roadsafety/safevehicles-1183.htm on December 6, 2012. 
6
 Farkas, K., Heidemann, J., Iftode, L., Kosch, T., Strassberger, M., Laberteaux, K., Caminiti, L., Caveney, D., and 

Hada, H., (2006). Vehicular Communication.  IEEE Pervasive Computing, 5(4): 55-62. 
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RESEARCH QUESTIONS 

1. Along routes with horizontal and vertical curves, do driver physical responses and 

reaction times improve with in-vehicle notifications about stopped buses (buses present 

but obscured along the roadway) compared to static roadside signs (with or without the 

presence of a bus)? 

2. Does driver performance and trust in the in-vehicle system increase with instances of 

true/correct notification? 

EXPERIMENTAL CONDITIONS 

This on-road experiment is expected to determine the relative effectiveness of in-vehicle 

messages with respect to roadside signs.  To answer the research questions, drivers will 

encounter three experimental conditions while navigating the test circuit: 

1. Static “School Bus Stop Ahead” roadside sign (bus stopped outside of the driver’s field 

of view) 

2. Static “School Bus Stop Ahead” roadside sign (no school bus encounter) 

3. In-vehicle warning message presented when a school bus is stopped out of view 

Drivers’ responses to the experimental conditions will be recorded using an installed data 

acquisition system (DAS).  In particular, the DAS will allow researchers to track when the in-

vehicle message is first displayed alongside the driver’s behaviors and vehicle speed profile.  

Researchers will monitor the driver’s glance behavior, vehicle speed, gas pedal position, and 

brake pedal position during the encounters with the experimental conditions. 

STATIC “SCHOOL BUS STOP AHEAD” ROADSIDE SIGN, BUS PRESENT 

Along the test circuit, drivers will pass existing “School Bus Stop Ahead” road signs.  As the 

driver passes these locations, the researchers will evaluate his/her driving behavior to determine 

if the existing signage causes drivers to increase their awareness that there may be a bus ahead.  

During this experimental condition, drivers will encounter a school bus once they traverse the 

curve.  This is meant to replicate the conditions under which these signs were installed. 

STATIC “SCHOOL BUS STOP AHEAD” ROADSIDE SIGN, NO BUS 

This experimental condition occurs at the same locations as the “School Bus Stop Ahead” signs 

in the first condition, however the drivers will not encounter a school bus along the road.  This is 

meant to replicate a known issue with this signage – the sign continuously warns of a school bus 

stop ahead even though the bus and/or children are not there.  

IN-VEHICLE SCHOOL BUS STOP AHEAD WARNING MESSAGE, BUS PRESENT 

Drivers will receive in-vehicle messages that indicate that there is a school bus stop ahead when 

they are approaching a curve or hill with a sight restriction.  These messages will utilize the same 

sign image as the existing roadside signs along the test circuit.  The locations where drivers are 
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presented with the in-vehicle message will not coincide with existing roadside “School Bus Stop 

Ahead” signing. 

Researchers will also monitor driving behavior each time a driver passes through the curves 

associated with this experimental condition regardless of whether the current trial displays an in-

vehicle message.  Since many of the curves along this route have curve advisory speed warnings, 

monitoring driving behavior will allow researchers to establish a baseline behavior around that 

curve to compare against the driver’s behavior when the in-vehicle message is presented. 

STUDY DESIGN  

Thirty two drivers (balanced for age and gender) will be recruited for an on-road study involving 

in-vehicle messaging display to take place during regular school bus operation times between 

6:30-9:30am and 2:00-5:00pm.  This timeframe was chosen to provide the subjects with a 

believable experience when they receive the in-vehicle “School Bus Stop Ahead” message and 

see the experimental school bus on the road.  The primary purpose of this counterbalanced within 

subject study is to assess drivers’ responses when presented with in-vehicle messages about the 

road environment. The study intends to collect driver responses with respect to “School Bus Stop 

Ahead” signs and similar in-vehicle messages.   

INTRODUCTION TO THE VEHICLE AND IN-VEHICLE MESSAGE DISPLAY 

Drivers will be introduced to the vehicle after completing their consent forms and passing the 

medical screening.  After familiarizing themselves with the vehicle, the researchers will 

introduce the drivers to the in-vehicle display.  Researchers will introduce drivers to a variety of 

signs that may appear on the display throughout their drive.  In addition to the experimental 

conditions, these messages will include signs such as speed limits, pedestrian crossings, and road 

narrowing signs.  They will also be introduced to a simple tone that may be played during the 

course of the experiment when certain messages are displayed.  

ROAD TEST 

Drivers will be asked to follow the path shown in Figure 2.  Each driver will complete the test 

circuit twice with slight variations in when the driver receives certain in-vehicle messages.  To 

counterbalance the experiment, half of the drivers will complete Trial A first whereas the other 

half will complete Trial B first.  The 14.8 mile circuit leads drivers through a residential area 

with a variety of speed zones, several blind curves, and a school zone.  The driver will be 

instructed to operate at the posted speed limit and abide by all traffic laws. 

A matrix of the experiment trials and key events is presented at the end of this report.   
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Figure 2: Prescribed test circuit starting at the red marker and proceeding clockwise 

As the drivers follow the circuit, their in-vehicle display will emulate various features of a 

connected vehicle system by presenting regulatory speed limit signs, pedestrian crossing 

warnings, and road narrowing warnings, etc.  The warnings will be timed to correspond with the 

existing roadside signage.  In cases where a driver may have to come to a complete stop in 

accordance with the message, the message will be displayed far enough in advance to allow the 

driver to come to a safe and controlled stop based on the assumptions of AASHTO’s stopping 

distance formula. 
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Along the path, the driver will encounter nine key events that represent a variety of existing road 

signs and connected vehicle events.  The general layout of the route is seen in Figure 3.  

Descriptions of the key events are to follow. 

 

Figure 3: Existing roadside signage and features that drivers will encounter on the route 

originating at VTTI 
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During this experiment, the driver will operate a vehicle that emulates connected vehicle 

technologies.  Two VTTI researchers will accompany the driver.  The first researcher will act as 

the lead experimenter and will facilitate the experiment from the front passenger seat.  This 

researchers will primarily be responsible for communicating with the driver (see section 3.3.1) 

and capturing the driver’s verbal responses to experiment-related questions.  The second 

researcher will be responsible for displaying the in-vehicle messages via a laptop from the back 

seat of the vehicle. 

A third VTTI researcher will be responsible for operating the experiment’s school bus.  This 

driver will be responsible for communicating with the lead researcher to confirm when they are 

in position for the next test condition.  The mode of communication will likely occur via radio-

communication headsets, text messages, and/or GPS tracking and will be fully detailed in the 

testing protocol. 

Key Event #1 – Roadside SBSA Sign 

Drivers will encounter a “School Bus Stop Ahead” sign approximately 1.2 miles into the test 

circuit.  During Trial A, drivers will encounter a school bus around the curve, however, the 

drivers will not encounter a school bus during Trial B.  

 

Key Event #2 – Trail Crossing 

Along Hightop Road, approximately 1.6 miles into the test circuit, the driver will cross over the 

Huckleberry Trail.  As they approach this multi-use trail crossing, they will be presented with an 

in-vehicle message displaying the MUTCD trail crossing sign.  This event will occur during both 

trials.  

  
Figure 5: In-vehicle Trail Crossing Warning Display 

Figure 4: Key event #1 
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Key Event #3 – Speed Limit Display 

As the driver turns right at the stop-controlled intersection of Hightop Road and Merrimac Road, 

they will be presented with an in-vehicle speed limit sign displaying a driving speed of 35 mph.  

The speed limit along this portion of the test circuit is 35 mph (as posted upstream of the 

intersection), however the driver will not encounter any roadside speed limit signs during their 

drive.  This event will occur during both trials.   

 
Key Event #4 – In-vehicle School Bus Stopped Ahead 

The driver will be presented with the first in-vehicle experimental condition at 2.7 miles along 

the course as they approach a blind curve (Figure 7).  They will be presented with an on-screen 

warning that indicates a stopped bus ahead (Figure 8).   

This in-vehicle message will only be displayed during Trial B when drivers will encounter a 

school bus around the curve.  Researchers will track the driver’s speed and 

acceleration/deceleration data during Trial A to compare with the driving behavior at this 

location in Trial B. 

 

 

 

 

 

  

Figure 6: In-vehicle Speed Limit Display 

Figure 8: In-vehicle 

Display of SBSA 

Figure 7: Proposed 

location of SBSA message 
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Key Event #5 – Speed Limit Display 

As the drivers continue along Merrimac Road, they will see an “END 35 MILE SPEED”.  

According to VDOT
7
, a speed limit of 55 mph is assumed along this segment.  At this point, we 

will present a speed limit sign on the in-vehicle display.   

This event will occur during both trials.  

 

 

 

 

 

 

Key Event #6 – In-vehicle School Bus Stopped Ahead 

The driver will be presented with the first in-vehicle experimental condition at 2.7 miles along 

the course as they approach a blind curve (Figure 7).  They will be presented with an on-screen 

warning that indicates a stopped bus ahead (Figure 8).   

This in-vehicle message will only be displayed during Trial B when drivers will encounter a 

school bus around the curve.  Researchers will track the driver’s speed and 

acceleration/deceleration data during Trial A to compare with the driving behavior at this 

location in Trial B. 

 

 

 

 

 

  

                                                 

7
 http://www.virginiadot.org/info/faq-speedlimits.asp 

Figure 10: Key event #5 

Figure 9: In-vehicle Speed 

Limit Display 

Figure 12: In-vehicle 

Display of SBSA 

Figure 11: Proposed 

location of SBSA message 
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Key Event #7 – Curve Advisory Speed 

The driver will be presented with an in-vehicle curve advisory speed message as they approach a 

sharp turn along Merrimac Road.  They will be presented with an on-screen warning that 

duplicates the existing on-road signs (Figure 14).   

 

 

 

 

 

  

 

Key Event #8 – School Zone 

As drivers drive along Prices Fork Road, they will pass through an active school zone.  Drivers 

will encounter this school zone during both trials, however they will not receive this message on 

their in-vehicle displays. 

 

Key Event #9 – Roadside SBSA Sign 

Drivers will encounter their last “School Bus Stop Ahead” sign approximately 8.9 miles into the 

test circuit.  During Trial B, drivers will encounter a school bus around the curve, however, the 

drivers will not encounter a school bus during Trial A.  

Figure 15: School Zone 

Signs (active when flashing) 

Figure 16: Key event #9 

Figure 14: In-vehicle 

display of curve advisory 

speed sign. 

Figure 13: Key event #7 
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Unscheduled Events 

The experiment has been designed to take place during typical school bus operation times in 

order for drivers to believe the school bus encounters are realistic.  As a result, some participants 

may experience additional encounters with stopped school buses that are not a part of the 

experiment.  In these cases, the researchers will deploy an unscheduled “School Bus Stop 

Ahead” message on the in-vehicle display.  The activation of this message will automatically 

flag the position of the event in the dataset. 

The researchers will schedule participants in a manner that minimizes the chance of an 

unscheduled interaction with a county school bus.  This enables researchers reduce potential 

confounds and achieve consistent travel time among the participants.  The known school bus 

pick up/drop off times are listed in Table 1.   

Table 1: Known school bus pick up and drop off times along the test route.  Researchers 

will attempt to schedule participants in a manner that will minimize unscheduled 

interactions. 

Pick Up Drop Off Time Location School 

6:56 AM 2:59 PM Hightop Rd @ Martin Drive 

Blacksburg Middle 

and High School 

6:57 AM 3:01 PM 1156 Hightop Rd - Oak Forest MHP 

6:58 AM 2:58 PM Merrimac Rd @ Arden Ln 

6:59 AM 2:59 PM 531/534 Merrimac Rd 

7:00 AM 3:00 PM 601 Merrimac Rd - Forest Tr Pk 

7:02 AM 2:50 PM 1011 University City Blvd 

7:03 AM 2:51 PM University City Blvd @ Elizabeth Dr 

7:03 AM 2:52 PM 
1208/1210 University City Blvd 

(Shawnee Apartments) 

7:04 AM 2:54 PM 
1216 University City Blvd (Shawnee 

Apartments Office) 

7:05 AM 2:53 PM 
University City Blvd (Shawnee 

Apartments at the big rock) 

7:07 AM 2:55 PM University City Blvd @ Falcun Dr 

7:10 AM 3:14 PM 1053 Merrimac Rd 

7:11 AM 3:15 PM 1275 Merrimac Rd 

7:12 AM 3:16 PM Merrimac Rd @ Haywood Ln 

7:14 AM 3:19 PM 2029 Merrimac Rd 

7:15 AM 3:19 PM Merrimac Rd @ Matamoros Ln 
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Pick Up Drop Off Time Location School 

8:07 AM 3:54 PM Hightop Rd @ Field Dr 

Prices Fork 

Elementary School 

8:08 AM 3:54 PM Hightop Rd @ Martin Drive 

8:09 AM 3:53 PM 1156 Hightop Rd-Oak Forest MHP 

8:15 AM 3:51 PM 531/534 Merrimac Rd 

8:16 AM 3:52 PM 601 Merrimac Rd-Forest MHP 

8:18 AM 3:54 PM 803 Merrimac Road 

8:19 AM 3:55 PM 1103 Merrimac Rd 

8:20 AM 3:56 PM 1156 Merrimac Rd 

8:21 AM 3:57 PM 1399 Merrimac Road 

8:22 AM 3:58 PM Merrimac Rd@Butternut Rd 

8:23 AM 3:58 PM 1499 Merrimac Rd 

8:24 AM 4:00 PM 1883/1885 Merrimac Rd 

8:07 AM 3:44 PM 913 University City Blvd 

Gilbert Linkous 

Elementary School 

8:08 AM 3:45 PM University City Blvd @ Broce Dr 

8:15 AM 3:53 PM 
1208/1210 UNIV CITY BLVD-

SHAWNEE 

8:16 AM 3:54 PM 1216 UNIV CITY BLVD-SHAWNEE 

8:18 AM 3:53 PM 
University City Blvd (Shawnee 

Apartments at the big rock) 

8:18 AM 3:56 PM 1224 University City Blvd 

8:19 AM 3:57 PM 1406 University City Blvd 

8:20 AM 3:49 PM 1214 University City Blvd 

8:23 AM 3:51 PM 1307 University City Blvd 

  

SUBJECTIVE PARTICIPANT RATINGS AND COMMENTS 

Following the completion of the on-road portion of the experiment, the participants will be asked 

to complete a questionnaire to gather their opinions on the in-vehicle messages.  Questions 

include: 

- Multiple choice questions: 

o Did you notice the following signs while driving along the test route?  Drivers 

will be presented with a table where they will place a checkmark in each column 

that applies to them (did not notice sign; saw sign on roadside; saw sign on in-

vehicle display). 

o What was your understanding of the following signs or messages?  (School Bus 

Stop Ahead sign) 
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o As a roadside sign, do you feel that it accurately represents the conditions on the 

road? 

o As an in-vehicle message, does the meaning of the sign change? 

o As an in-vehicle message, does the presence of the sign change its accuracy in 

representing the traffic conditions? 

- Open Answer: 

o What is your immediate impression of this connected vehicle system? 

- Likert scale questions: 

o Please rate your awareness of the in-vehicle message display as you were driving. 

o How useful did you find the overall connected vehicle system you just 

experienced? 

o How useful did you find the safety related in-vehicle signage messages (speed 

limit, pedestrian crossing, school zones, etc.)?   

o Specifically, how useful did you find the school bus stop ahead warnings? 

o Please rate how likely it would be for you to see a stopped school bus after 

passing a “School Bus Stop Ahead” sign on the roadside. 

o How likely are you to change your driving behavior after passing the roadside 

sign (even if you can’t see a bus in the immediate vicinity)?  

o Please rate how likely it would be for you to see a stopped school bus after 

receiving a “School Bus Stop Ahead” message on your in-vehicle display. 

o How likely are you to change your driving behavior after receiving a “School Bus 

Stop Ahead” message on your in-vehicle display (even if you can’t see a bus in 

the immediate vicinity)?  

o Please select your preference for the roadside sign or the in-vehicle message. 

- Open Answer: 

o Could you describe any concerns, suggestions for improvement, or any other 

comments you might have regarding this system? 

ANALYSIS METHODS 

This study will utilize within-subject analysis to determine the difference in the driver’s 

responses to the three experimental conditions:  

1. Static “School Bus Stop Ahead” roadside sign (bus stopped outside of the driver’s field 

of view) 

2. Static “School Bus Stop Ahead” roadside sign (no school bus encounter) 

3. In-vehicle warning message presented when a school bus is stopped out of view 

In order to confirm that drivers are viewing and abiding by the in-vehicle messages, the 

researchers will evaluate the extent to which drivers are obeying the in-vehicle speed limit signs 

along the parts of the test circuit that do not have roadside speed limit markings.  Researchers 

will neglect speed reductions around horizontal curves where curve warning signs are present. 
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For each subject, researchers will evaluate the data for differences in the responses between the 

two “School Bus Stop Ahead” road sign instances versus the two SBSA in-vehicle messages.  

The data analysis will determine whether a correlation exists (if so, the strength of the 

correlation) between the independent variables and the dependent variables. 

- Independent Variable: notification type (in-vehicle message versus road side sign), bus 

presence (present or not) 

- Dependent Variables: glance behavior, percent speed reduction prior to school bus visual, 

gas pedal position, brake pedal position and unintended consequences (e.g., swerves, hard 

braking) 

The drivers will perform a special case-by-case analysis of any additional SBSA messages that 

occur in the case of an unscheduled encounter with a school bus that is not part of the intended 

experiment.  Researchers anticipate being able to analyze the driver’s response upon the first 

time a driver sees the school bus (based on eye glance data and gas and/or brake pedal position).   

RESEARCH EXPECTATIONS AND EXPECTED RESULTS 

The researchers anticipate that the drivers will demonstrate increased responsiveness to the in-

vehicle SBSA message compared to existing roadside signs regardless of school bus presence at 

the road sign.   

EXPERIMENT EQUIPMENT (SUBJECT TO CHANGE) 

VTTI fleet vehicle with the following features/capabilities: 

- Means to discretely communicate with the school bus driver 

- In-vehicle display (existing or retrofit) that allows researchers to push messages to the 

driver. This display should have a minimum ability to present a visual message with an 

audible component. 

o Researchers would like the ability to have a pre-programmed set of messages that 

may be interrupted with an unscheduled message should the drivers encounter an 

actual school bus loading or unloading students along the route. 

- Cameras to collect naturalistic driving behaviors (aimed at feet, over the shoulder, and 

face) 

- DAS to collect vehicle location, kinematics (speed, acceleration/deceleration), and key 

indicators of vehicle dynamics (brake pedal position, gas pedal position) 
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School bus 

- The school bus driver should have a way to track the movement of the test subject’s 

vehicle to know when to pull onto the road. (ideas include: GPS tracking or cell phone 

apps like Waze) 

- Means to communicate with the lead experimenter in the test vehicle 
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TEST MATRIX 
Trial Key 

Event # 

Test 

Condition? 

Description Road Name In-vehicle Message In-vehicle Audio External 

Roadside Sign 

Type of Sight 

Restriction 

NA NA   Driver views several types of in-

vehicle messages (and 

associated sounds) that they may 

see/hear while driving 

Parking lot Yes - various Yes - - 

A 

1 Yes - Roadside 

sign w/ bus 

School bus stop ahead sign Hightop Road - - Yes Horizontal 

Curve 

2   Pedestrian crossing sign Hightop Road Yes - Yes - 

3   Speed limit change Merrimac Road Yes - 35 mph speed limit sign - - - 

4 Only in Trial B 

5   End 35 mph speed limit Merrimac Road Yes - 55 mph speed limit sign - - - 

6 Yes - In-vehicle 

message w/ bus 

School bus stop ahead Merrimac Road Yes - SBSA Yes - simple tone - Horizontal 

curve 

7  Curve Advisory Speed Merrimac Road Yes – Curve Advisory Speed Yes – simple tone - - 

8   School zone signage Prices Fork Road - - Yes - active 

when flashing 

- 

9 Yes - Roadside 

sign w/o bus 

School bus stop ahead University City Blvd - - Yes Horizontal 

Curve 

B 

1 Yes - Roadside 

sign w/o bus 

School bus stop ahead sign Hightop Road - - Yes Horizontal 

Curve 

2   Pedestrian crossing sign Hightop Road Yes - Yes - 

3   Speed limit change Merrimac Road Yes - 35 mph speed limit sign - - - 

4 Yes - In-vehicle 

message w/ bus 

School bus stop ahead Merrimac Road Yes - SBSA Yes - simple tone - Horizontal 

Curve 

5  End 35 mph speed limit Merrimac Road Yes - 55 mph speed limit sign - - - 

6 Only in Trial A 

7   Curve Advisory Speed Merrimac Road Yes – Curve Advisory Speed Yes – simple tone - - 

8  School zone signage Prices Fork Road - - Yes - active 

when flashing 

- 

9 Yes - Roadside 

sign w/ bus 

School bus stop ahead University City Blvd - - Yes Horizontal 

Curve 

199



 

TRIAL A KEY EVENTS 

The call-out boxes outlined in red indicate that a school bus will be present on the other side of 

the sight obstruction. 
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TRIAL B KEY EVENTS 

The call-out boxes outlined in red indicate that a school bus will be present on the other side of 

the sight obstruction. 
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APPENDIX D: EXPANDED DATA RESULTS OF CHAPTER 6 
 

These results coincide with Chapter 6 of this dissertation.  They provide more details regarding 

the trends of the individual drivers whereas the results in Chapter 6 only present the average of 

the driver behaviors.   

Existing literature
1
 indicates that, for the curve radii used in this data collection (225-335 feet for 

bus stops 1,2, and 3), the standard deviation of driver speeds is likely to be approximately 3 mph.  

Bus stop 4 had a larger curve radius of 600 feet so the standard deviation is expected to be 

between 7.5 and 3.0 mph.  The standard deviations of the data presented in this appendix all fall 

within the ranges within the literature. 

The existing body of literature does not provide any values for acceptable standard deviations or 

variance of acceleration or jerk data around horizontal curves.   

The variance of driver speeds, accelerations, and jerk are important to develop a connected 

vehicle system that displays messages and alerts in a manner that accommodates the needs of 

most drivers.    

                                                 

1
 Collins, J., Fitzpatrick, K., Bauer, K. M., & Harwood, D. W. (1999). Speed Variability on Rural 

Two-Lane Highways. Transportation Research Record, (1658), 60–69. 

http://doi.org/10.3141/1658-08 
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BUS STOP 1: ROADSIDE “SCHOOL BUS STOP AHEAD”  
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BUS STOP 2: IN-VEHICLE “SCHOOL BUS STOPPED AHEAD”  
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BUS STOP 3: IN-VEHICLE “SCHOOL BUS STOPPED AHEAD”  
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BUS STOP 4: ROADSIDE “SCHOOL BUS STOP AHEAD”  
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APPENDIX E: INTEGRATION INPUT AND OUTPUT FILES 

These files coincide with Chapter 8 of this dissertation.  These files were used in 

INTEGRATION (2016 version with speed control) to model baseline conditions (with and 

without the bus) and time-based speed reductions.   

SINGLE BUS STOP – BASELINE CONDITION 

MASTER FILE 

BusStop master file 

900 450 1000 1 0 

sbs_baseline\ 

sbs_baseline\output\ 

sbs_bl_01.dat 

sbs_bl_02.dat 

sbs_bl_03.dat 

sbs_bl_04.dat 

sbs_bl_05.dat 

none 

none 

none 

none 

sbs_bl_10.out 

sbs_bl_11.out 

sbs_bl_12.out 

sbs_bl_13.out 

sbs_bl_14.out 

sbs_bl_15.out 

sbs_bl_16.out 

sbs_bl_17.out 

sbs_bl_18.out 

sbs_bl_19.out 

sbs_bl_20.dat 

none 

none 

none 

none 

sbs_bl_25.out 

sbs_bl_26.out 

sbs_bl_27.out 

sbs_bl_28.out 

sbs_bl_29.out 

sbs_bl_30.out 

none 

none 

none 

none 

none 

none 

none 

none 

none 
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FILE 1: NODES 

 

FILE 2: LINKS 

 

FILE 3: SIGNAL TIMING PLAN 

 

FILE 4: OD DEMAND  

 

FILE 5: INCIDENT FILE  

 

  

BusStop Node Coordinate File    

5 1  1     

1 0.0000001  0 3 0 0 startsegment 

2 0.4023  0 4 0 0  

3 0.8047  0 4 0 0  

4 1.2070  0 4 0 0  

5 1.6093  0 2 -2 0 endsegment 

QNET Link File              

4 1 1 1 1 1         

1 1 2 0.4023 104.6 2000 2 0 84.6 100     0 0     0     0 0     0     0 0     000 000     0 0     0     0 00000 11111 

2 2 3 0.4023 104.6 2000 2 0 84.6 100     0 0     0     0 0     0     0 0     000 000     0 0     0     0 00000 11111 

3 3 4 0.4023 104.6 2000 2 0 84.6 100     0 0     0     0 0     0     0 0     000 000     0 0     0     0 00000 11111 

4 4 5 0.4023 104.6 2000 2 0 84.6 100     0 0     0     0 0     0     0 0     000 000     0 0     0     0 00000 11111 

QNET Signal File           

1 1 900           

1             

1 900 900 900 0 3 420 0 35 0 445 0 0 

QNET O-D Demand File 65 mph            

-2 0 0 1 1 1 1 1 1 1       

1 1 5 675 1 0 900 1 0 0 0 0 100.99 1 2 1 

2 1 5 4000 1 390 391 0 1 0 0 0 100.99 3 2 2 

QNET Incident File   

0       
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LANE STRIPING FILE 

 

MAXIMUM VEHICLE SPEED FILE 

 

SPEED CONTROL FILE 

 

 

 

 

Lane Striping File     

4       

1 1 2 010 010 01000 00000 

2 2 2 010 010 01000 00000 

3 3 2 010 010 01000 00000 

4 4 2 010 010 01000 00000 

Maximum Vehicle Speed      

150 95 150 150 150 

Merge_spdctrl-  Incidents   (File 5) 

0 
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SINGLE BUS STOP – PRE-TIMED CONDITION 

MASTER FILE 

 

 

BusStop master file 

900 450 1000 1 0 

sbs_pretimed\ 

sbs_pretimed\output\ 

sbs_bl_01.dat 

sbs_bl_02.dat 

sbs_bl_03.dat 

sbs_bl_04.dat 

sbs_bl_05.dat 

none 

none 

none 

none 

sbs_bl_10.out 

sbs_bl_11.out 

sbs_bl_12.out 

sbs_bl_13.out 

sbs_bl_14.out 

sbs_bl_15.out 

sbs_bl_16.out 

sbs_bl_17.out 

sbs_bl_18.out 

sbs_bl_19.out 

sbs_bl_20.dat 

none 

none 

none 

none 

sbs_bl_25.out 

sbs_bl_26.out 

sbs_bl_27.out 

sbs_bl_28.out 

sbs_bl_29.out 

sbs_bl_30.out 

none 

none 

none 

none 

none 

none 

none 

none 

none 
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FILE 1: NODES 

 

FILE 2: LINKS 

 

FILE 3: SIGNAL TIMING PLAN 

 

FILE 4: OD DEMAND  

 

FILE 5: INCIDENT FILE  

 

 

BusStop Node Coordinate File    

5 1  1     

1 0.0000001  0 3 0 0 startsegment 

2 0.4023  0 4 0 0  

3 0.8047  0 4 0 0  

4 1.2070  0 4 0 0  

5 1.6093  0 2 -2 0 endsegment 

QNET Link File              

4 1 1 1 1 1         

1 1 2 0.4023 104.6 2000 2 0 84.6 100     0 0     0     0 0     0     0 0     000 000     0 0     0     0 00000 11111 

2 2 3 0.4023 104.6 2000 2 0 84.6 100     0 0     0     0 0     0     0 0     000 000     0 0     0     0 00000 11111 

3 3 4 0.4023 104.6 2000 2 0 84.6 100     0 0     0     0 0     0     0 0     000 000     0 0     0     0 00000 11111 

4 4 5 0.4023 104.6 2000 2 0 84.6 100     0 0     0     0 0     0     0 0     000 000     0 0     0     0 00000 11111 

QNET Signal File           

1 1 900           

1             

1 900 900 900 0 3 433 0 35 0 432 0 0 

QNET O-D Demand File 65 mph            

-2 0 0 1 1 1 1 1 1 1       

1 1 5 675 1 0 900 1 0 0 0 0 100.99 1 2 1 

2 1 5 4000 1 390 391 0 1 0 0 0 100.99 3 2 2 

QNET Incident File   

0       
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LANE STRIPING FILE 

 

MAXIMUM VEHICLE SPEED FILE 

 

SPEED CONTROL FILE 

 

 

 

 

Lane Striping File     

4       

1 1 2 010 010 01000 00000 

2 2 2 010 010 01000 00000 

3 3 2 010 010 01000 00000 

4 4 2 010 010 01000 00000 

Maximum Vehicle Speed      

150 95 150 150 150 

Merge_spdctrl-  Incidents   (File 5) - pre-timed single bus stop 

2 

1 2 0.54 133  733 

2 3 0.54 133  733 
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SINGLE BUS STOP – CV CONDITION 

MASTER FILE 

 

 

BusStop master file 

1800 900 1800 1 0 

example_CV\ 

example_CV\output\ 

bus1.dat 

bus2.dat 

bus3.dat 

bus4.dat 

bus5.dat 

none 

none 

none 

none 

bus_bl_10.out 

bus_bl_11.out 

bus_bl_12.out 

bus_bl_13.out 

bus_bl_14.out 

bus_bl_15.out 

bus_bl_16.out 

bus_bl_17.out 

bus_bl_18.out 

bus_bl_19.out 

bus20.dat 

none 

none 

none 

none 

bus_bl_25.out 

bus_bl_26.out 

bus_bl_27.out 

bus_bl_28.out 

bus_bl_29.out 

bus_bl_30.out 

none 

none 

none 

none 

none 

none 

none 

none 

none 
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FILE 1: NODES 

 

FILE 2: LINKS 

 

FILE 3: SIGNAL TIMING PLAN 

 

FILE 4: OD DEMAND  

 

FILE 5: INCIDENT FILE  

 

  

BusStop Node Coordinate File    

5 1  1     

1 0.0000001  0 3 0 0 startsegment 

2 0.4023  0 4 0 0  

3 0.8047  0 4 0 0  

4 1.2070  0 4 0 0  

5 1.6093  0 2 -2 0 endsegment 

QNET Link File              

4 1 1 1 1 1         

1 1 2 0.4023 104.6 2000 2 0 84.6 100     0 0     0     0 0     0     0 0     000 000     0 0     0     0 00000 11111 

2 2 3 0.4023 104.6 2000 2 0 84.6 100     0 0     0     0 0     0     0 0     000 000     0 0     0     0 00000 11111 

3 3 4 0.4023 104.6 2000 2 0 84.6 100     0 0     0     0 0     0     0 0     000 000     0 0     0     0 00000 11111 

4 4 5 0.4023 104.6 2000 2 0 84.6 100     0 0     0     0 0     0     0 0     000 000     0 0     0     0 00000 11111 

QNET Signal File           

1 1 900           

1             

1 900 900 900 0 3 431 0 35 0 434 0 0 

QNET O-D Demand File 65 mph            

-2 0 0 1 1 1 1 1 1 1       

1 1 5 675 1 0 900 1 0 0 0 0 100.99 1 2 1 

2 1 5 4000 1 390 391 0 1 0 0 0 100.99 3 2 2 

QNET Incident File   

0       
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LANE STRIPING FILE 

 

MAXIMUM VEHICLE SPEED FILE 

 

SPEED CONTROL FILE 

 

 

 

 

  

Lane Striping File     

4       

1 1 2 010 010 01000 00000 

2 2 2 010 010 01000 00000 

3 3 2 010 010 01000 00000 

4 4 2 010 010 01000 00000 

Maximum Vehicle Speed      

150 95 150 150 150 

Merge_spdctrl-  Incidents   (File 5) - CV single bus stop 

1 

1 2 0.54 405 469 
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SINGLE BUS STOP – SUMMARY OUTPUT FILES  

 

SINGLE BUS STOP – BASELINE CONDITION 

 

 

BusStop master file                                                                                                                                                                                                                                                                                          

 Total Statistics:  

  1        154.00          1.00          0.00          0.00          0.00        155.00     - vehicle trips                     

  2        487.00          2.00          0.00          0.00          0.00        489.00     - person trips                      

  3        247.07          1.60          0.00          0.00          0.00        248.68     - vehicle-km                        

  4        781.31          3.21          0.00          0.00          0.00        784.52     - person-km                         

  5          9.94          1.00          0.00          0.00          0.00         10.94     - vehicle-stops                     

  6       8767.55        111.84          0.00          0.00          0.00       8879.39     - vehicle-secs                      

  7      27607.53        223.68          0.00          0.00          0.00      27831.21     - person-secs                       

  8        275.60         56.67          0.00          0.00          0.00        332.27     - total delay                       

  9         51.40         29.20          0.00          0.00          0.00         80.60     - stopped delay                     

 10        224.20         27.47          0.00          0.00          0.00        251.67     - accel/decel delay                 

 11     704398.50     266308.12          0.00          0.00          0.00     970706.62     - accel-noise                       

 12         22.31          0.15          0.00          0.00          0.00         22.45     - fuel (l)                          

 13         36.69          0.31          0.00          0.00          0.00         37.00     - HC (g)                            

 14        800.16          5.38          0.00          0.00          0.00        805.54     - CO (g)                            

 15         81.78          1.13          0.00          0.00          0.00         82.91     - NOx (g)                           

 16      50788.86        332.87          0.00          0.00          0.00      51121.73     - CO2 (g)                           

 17          0.00          0.00          0.00          0.00          0.00          0.00     - PM (g)                            

 18        210.58          0.57          0.00          0.00          0.00        211.15     - crashes*10e-6                     

 19         97.32          0.25          0.00          0.00          0.00         97.57     - injury crashes                    

 20          2.26          0.00          0.00          0.00          0.00          2.26     - fatal crashes                     

 21          6.10          0.01          0.00          0.00          0.00          6.11     - no damage                         

 22        100.05          0.39          0.00          0.00          0.00        100.44     - minor damage                      

 23         61.85          0.10          0.00          0.00          0.00         61.95     - moderate damage                   

 24          0.00          0.00          0.00          0.00          0.00          0.00     - dollars of toll                   

  

 Average Statistics:  

  1        1.0000        1.0000        0.0000        0.0000        0.0000        1.0000     - vehicle trips                     

  2        1.0000        1.0000        0.0000        0.0000        0.0000        1.0000     - person trips                      

  3        1.6044        1.6039        0.0000        0.0000        0.0000        1.6044     - vehicle-km                        

  4        1.6043        1.6039        0.0000        0.0000        0.0000        1.6043     - person-km                         

  5        0.0645        1.0000        0.0000        0.0000        0.0000        0.0706     - vehicle-stops                     

  6       56.9322      111.8400        0.0000        0.0000        0.0000       57.2864     - vehicle-secs                      

  7       56.6890      111.8400        0.0000        0.0000        0.0000       56.9145     - person-secs                       

  8        1.7896       56.6684        0.0000        0.0000        0.0000        2.1437     - total delay                       

  9        0.3338       29.2001        0.0000        0.0000        0.0000        0.5200     - stopped delay                     

 10        1.4559       27.4683        0.0000        0.0000        0.0000        1.6237     - accel/decel delay                 

 11     4574.0161   266308.1250        0.0000        0.0000        0.0000     6262.6235     - accel-noise                       

 12        0.1449        0.1458        0.0000        0.0000        0.0000        0.1449     - fuel (l)                          

 13        0.2383        0.3077        0.0000        0.0000        0.0000        0.2387     - HC (g)                            

 14        5.1959        5.3767        0.0000        0.0000        0.0000        5.1970     - CO (g)                            

 15        0.5311        1.1311        0.0000        0.0000        0.0000        0.5349     - NOx (g)                           

 16      329.7978      332.8734        0.0000        0.0000        0.0000      329.8176     - CO2 (g)                           

 17        0.0000        0.0000        0.0000        0.0000        0.0000        0.0000     - PM (g)                            

 18        1.3674        0.5714        0.0000        0.0000        0.0000        1.3622     - crashes*10e-6                     

 19        0.6319        0.2513        0.0000        0.0000        0.0000        0.6295     - injury crashes                    

 20        0.0147        0.0021        0.0000        0.0000        0.0000        0.0146     - fatal crashes                     

 21        0.0396        0.0125        0.0000        0.0000        0.0000        0.0394     - no damage                         

 22        0.6496        0.3940        0.0000        0.0000        0.0000        0.6480     - minor damage                      

 23        0.4016        0.1008        0.0000        0.0000        0.0000        0.3997     - moderate damage                   

 24        0.0000        0.0000        0.0000        0.0000        0.0000        0.0000     - dollars of toll                   
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SINGLE BUS STOP – PRE-TIMED 35 MPH SPEED REDUCTION ZONES BEFORE AND AFTER 

BUS STOP  

 

 

BusStop master file                                                                                                                                                                                                                                                                                          

 Total Statistics:  

  1        154.00          1.00          0.00          0.00          0.00        155.00     - vehicle trips                     

  2        487.00          2.00          0.00          0.00          0.00        489.00     - person trips                      

  3        246.96          1.60          0.00          0.00          0.00        248.56     - vehicle-km                        

  4        780.94          3.21          0.00          0.00          0.00        784.15     - person-km                         

  5         67.48          1.48          0.00          0.00          0.00         68.96     - vehicle-stops                     

  6      11928.15        131.44          0.00          0.00          0.00      12059.59     - vehicle-secs                      

  7      37162.53        262.88          0.00          0.00          0.00      37425.41     - person-secs                       

  8        867.28         52.82          0.00          0.00          0.00        920.10     - total delay                       

  9         79.60         32.10          0.00          0.00          0.00        111.70     - stopped delay                     

 10        787.68         20.72          0.00          0.00          0.00        808.40     - accel/decel delay                 

 11    3316426.75      26509.40          0.00          0.00          0.00    3342936.25     - accel-noise                       

 12         29.55          0.13          0.00          0.00          0.00         29.68     - fuel (l)                          

 13        211.56          0.32          0.00          0.00          0.00        211.88     - HC (g)                            

 14       4951.41          5.02          0.00          0.00          0.00       4956.43     - CO (g)                            

 15         87.68          0.93          0.00          0.00          0.00         88.61     - NOx (g)                           

 16      61049.52        302.70          0.00          0.00          0.00      61352.22     - CO2 (g)                           

 17          0.00          0.00          0.00          0.00          0.00          0.00     - PM (g)                            

 18        286.15          0.67          0.00          0.00          0.00        286.82     - crashes*10e-6                     

 19        136.56          0.30          0.00          0.00          0.00        136.86     - injury crashes                    

 20          1.85          0.00          0.00          0.00          0.00          1.85     - fatal crashes                     

 21         14.62          0.03          0.00          0.00          0.00         14.64     - no damage                         

 22        119.64          0.40          0.00          0.00          0.00        120.03     - minor damage                      

 23         89.59          0.15          0.00          0.00          0.00         89.74     - moderate damage                   

 24          0.00          0.00          0.00          0.00          0.00          0.00     - dollars of toll                   

  

 Average Statistics:  

  1        1.0000        1.0000        0.0000        0.0000        0.0000        1.0000     - vehicle trips                     

  2        1.0000        1.0000        0.0000        0.0000        0.0000        1.0000     - person trips                      

  3        1.6036        1.6039        0.0000        0.0000        0.0000        1.6036     - vehicle-km                        

  4        1.6036        1.6039        0.0000        0.0000        0.0000        1.6036     - person-km                         

  5        0.4381        1.4817        0.0000        0.0000        0.0000        0.4449     - vehicle-stops                     

  6       77.4555      131.4400        0.0000        0.0000        0.0000       77.8038     - vehicle-secs                      

  7       76.3091      131.4400        0.0000        0.0000        0.0000       76.5346     - person-secs                       

  8        5.6317       52.8232        0.0000        0.0000        0.0000        5.9361     - total delay                       

  9        0.5169       32.1001        0.0000        0.0000        0.0000        0.7206     - stopped delay                     

 10        5.1148       20.7232        0.0000        0.0000        0.0000        5.2155     - accel/decel delay                 

 11    21535.2383    26509.3984        0.0000        0.0000        0.0000    21567.3301     - accel-noise                       

 12        0.1919        0.1330        0.0000        0.0000        0.0000        0.1915     - fuel (l)                          

 13        1.3738        0.3193        0.0000        0.0000        0.0000        1.3670     - HC (g)                            

 14       32.1520        5.0200        0.0000        0.0000        0.0000       31.9770     - CO (g)                            

 15        0.5694        0.9271        0.0000        0.0000        0.0000        0.5717     - NOx (g)                           

 16      396.4254      302.7018        0.0000        0.0000        0.0000      395.8208     - CO2 (g)                           

 17        0.0000        0.0000        0.0000        0.0000        0.0000        0.0000     - PM (g)                            

 18        1.8581        0.6667        0.0000        0.0000        0.0000        1.8504     - crashes*10e-6                     

 19        0.8867        0.3028        0.0000        0.0000        0.0000        0.8830     - injury crashes                    

 20        0.0120        0.0022        0.0000        0.0000        0.0000        0.0119     - fatal crashes                     

 21        0.0949        0.0251        0.0000        0.0000        0.0000        0.0945     - no damage                         

 22        0.7769        0.3951        0.0000        0.0000        0.0000        0.7744     - minor damage                      

 23        0.5818        0.1464        0.0000        0.0000        0.0000        0.5790     - moderate damage                   

 24        0.0000        0.0000        0.0000        0.0000        0.0000        0.0000     - dollars of toll                   
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SINGLE BUS STOP –35 MPH SPEED REDUCTION ZONES BEFORE BUS STOP 

 

 

BusStop master file                                                                                                                                                                                                                                                                                          

 Total Statistics:  

  1        154.00          1.00          0.00          0.00          0.00        155.00     - vehicle trips                     

  2        487.00          2.00          0.00          0.00          0.00        489.00     - person trips                      

  3        247.08          1.60          0.00          0.00          0.00        248.68     - vehicle-km                        

  4        781.34          3.20          0.00          0.00          0.00        784.54     - person-km                         

  5         15.70          1.74          0.00          0.00          0.00         17.44     - vehicle-stops                     

  6       8900.55        122.74          0.00          0.00          0.00       9023.29     - vehicle-secs                      

  7      27974.63        245.48          0.00          0.00          0.00      28220.11     - person-secs                       

  8        316.28         55.99          0.00          0.00          0.00        372.27     - total delay                       

  9         59.10         35.00          0.00          0.00          0.00         94.10     - stopped delay                     

 10        257.18         20.99          0.00          0.00          0.00        278.17     - accel/decel delay                 

 11     802426.38     200417.88          0.00          0.00          0.00    1002844.25     - accel-noise                       

 12         22.66          0.14          0.00          0.00          0.00         22.81     - fuel (l)                          

 13         43.68          0.32          0.00          0.00          0.00         44.00     - HC (g)                            

 14        986.74          5.38          0.00          0.00          0.00        992.12     - CO (g)                            

 15         82.57          1.07          0.00          0.00          0.00         83.63     - NOx (g)                           

 16      51344.64        325.13          0.00          0.00          0.00      51669.77     - CO2 (g)                           

 17          0.00          0.00          0.00          0.00          0.00          0.00     - PM (g)                            

 18        214.03          0.48          0.00          0.00          0.00        214.50     - crashes*10e-6                     

 19         99.12          0.21          0.00          0.00          0.00         99.33     - injury crashes                    

 20          2.24          0.00          0.00          0.00          0.00          2.24     - fatal crashes                     

 21          6.51          0.01          0.00          0.00          0.00          6.52     - no damage                         

 22        100.81          0.36          0.00          0.00          0.00        101.17     - minor damage                      

 23         63.17          0.07          0.00          0.00          0.00         63.23     - moderate damage                   

 24          0.00          0.00          0.00          0.00          0.00          0.00     - dollars of toll                   

  

 Average Statistics:  

  1        1.0000        1.0000        0.0000        0.0000        0.0000        1.0000     - vehicle trips                     

  2        1.0000        1.0000        0.0000        0.0000        0.0000        1.0000     - person trips                      

  3        1.6044        1.6006        0.0000        0.0000        0.0000        1.6044     - vehicle-km                        

  4        1.6044        1.6006        0.0000        0.0000        0.0000        1.6044     - person-km                         

  5        0.1019        1.7423        0.0000        0.0000        0.0000        0.1125     - vehicle-stops                     

  6       57.7958      122.7400        0.0000        0.0000        0.0000       58.2148     - vehicle-secs                      

  7       57.4428      122.7400        0.0000        0.0000        0.0000       57.7098     - person-secs                       

  8        2.0537       55.9921        0.0000        0.0000        0.0000        2.4017     - total delay                       

  9        0.3838       35.0000        0.0000        0.0000        0.0000        0.6071     - stopped delay                     

 10        1.6700       20.9920        0.0000        0.0000        0.0000        1.7946     - accel/decel delay                 

 11     5210.5610   200417.8750        0.0000        0.0000        0.0000     6469.9629     - accel-noise                       

 12        0.1472        0.1427        0.0000        0.0000        0.0000        0.1471     - fuel (l)                          

 13        0.2836        0.3244        0.0000        0.0000        0.0000        0.2839     - HC (g)                            

 14        6.4074        5.3792        0.0000        0.0000        0.0000        6.4008     - CO (g)                            

 15        0.5361        1.0677        0.0000        0.0000        0.0000        0.5396     - NOx (g)                           

 16      333.4068      325.1322        0.0000        0.0000        0.0000      333.3534     - CO2 (g)                           

 17        0.0000        0.0000        0.0000        0.0000        0.0000        0.0000     - PM (g)                            

 18        1.3898        0.4762        0.0000        0.0000        0.0000        1.3839     - crashes*10e-6                     

 19        0.6436        0.2052        0.0000        0.0000        0.0000        0.6408     - injury crashes                    

 20        0.0145        0.0012        0.0000        0.0000        0.0000        0.0145     - fatal crashes                     

 21        0.0423        0.0091        0.0000        0.0000        0.0000        0.0421     - no damage                         

 22        0.6546        0.3573        0.0000        0.0000        0.0000        0.6527     - minor damage                      

 23        0.4102        0.0664        0.0000        0.0000        0.0000        0.4080     - moderate damage                   

 24        0.0000        0.0000        0.0000        0.0000        0.0000        0.0000     - dollars of toll                   
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EXAMPLE CORRIDOR – BASELINE CONDITION 

MASTER FILE 

 

BusStop master file 

1800 900 1800 1 0 

example_bl\ 

example_bl\output\ 

bus1.dat 

bus2.dat 

bus3.dat 

bus4.dat 

bus5.dat 

none 

none 

none 

none 

bus_bl_10.out 

bus_bl_11.out 

bus_bl_12.out 

bus_bl_13.out 

bus_bl_14.out 

bus_bl_15.out 

bus_bl_16.out 

bus_bl_17.out 

bus_bl_18.out 

bus_bl_19.out 

bus20.dat 

none 

none 

none 

none 

bus_bl_25.out 

bus_bl_26.out 

bus_bl_27.out 

bus_bl_28.out 

bus_bl_29.out 

bus_bl_30.out 

none 

none 

none 

none 

none 

none 

none 

none 

none 
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FILE 1: NODES 

 

  

BusStop Node Coordinate File    

22 1 1     

1 0.001  0 3 -1 0 

2 0.304800  0 4 0 0  

3 0.601980  0 4 0 0  

4 0.874776  0 4 0 0  

5 0.911352  0 4 0 0  

6 1.208532  0 4 0 0  

7 1.277112  0 4 0 0  

8 1.664208  0 4 0 0  

9 1.937004  0 4 0 0  

10 5.099304  0 4 0 0  

11 5.396484  0 4 0 0  

12 5.669280  0 4 0 0  

13 8.442960  0 4 0 0  

14 8.740140  0 4 0 0  

15 9.012936  0 4 0 0  

16 9.386316  0 4 0 0  

17 9.683496  0 4 0 0  

18 9.956292  0 4 0 0  

19 12.242292  0 4 0 0  

20 12.539472  0 4 0 0  

21 12.812268  0 4 0 0  

22 13.117068  0 2 -2 0 
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FILE 2: LINKS 

 

FILE 3: SIGNAL TIMING PLAN 

 

 

QNET Link File                 

21 1 1 1 1 1              

1 1 2 0.3048 104.6 2000 2     0 84.6 100 0     0 0     0 0     0 0     0 0      000 0     0 0     0 00000 11111 

2 2 3 0.3219 104.6 2000 2     0 84.6 100 0     0 0     0 0     1 1     3 111 111 0     0 0     0 00000 11111 

3 3 4 0.3219 104.6 2000 2     0 84.6 100 0     0 0     0 0     0 0     0 000 000 0     0 0     0 00000 11111 

4 4 5 0.0500 104.6 2000 2     0 84.6 100 0     0 0     0 0     0 0     0 000 000 0     0 0     0 00000 11111 

5 5 6 0.2847 104.6 2000 2     0 84.6 100 0     0 0     0 0     2 1     3 111 111 0     0 0     0 00000 11111 

6 6 7 0.0686 104.6 2000 2     0 84.6 100 0     0 0     0 0     3 1     3 111 111 0     0 0     0 00000 11111 

7 7 8 0.3871 104.6 2000 2     0 84.6 100 0     0 0     0 0     4 1     3 111 111 0     0 0     0 00000 11111 

8 8 9 0.3219 104.6 2000 2     0 84.6 100 0     0 0     0 0     0 0     0 000 000 0     0 0     0 00000 11111 

9 9 10 4.2925 104.6 2000 2     0 84.6 100 0     0 0     0 0     0 0     0 000 000 0     0 0     0 00000 11111 

10 10 11 0.3219 104.6 2000 2     0 84.6 100 0     0 0     0 0     5 1     3 111 111 0     0 0     0 00000 11111 

11 11 12 0.3219 104.6 2000 2     0 84.6 100 0     0 0     0 0     0 0     0 000 000 0     0 0     0 00000 11111 

12 12 13 1.4960 104.6 2000 2     0 84.6 100 0     0 0     0 0     0 0     0 000 000 0     0 0     0 00000 11111 

13 13 14 0.3219 104.6 2000 2     0 84.6 100 0     0 0     0 0     6 1     3 111 111 0     0 0     0 00000 11111 

14 14 15 0.3219 104.6 2000 2     0 84.6 100 0     0 0     0 0     0 0     0 000 000 0     0 0     0 00000 11111 

15 15 16 1.5036 104.6 2000 2     0 84.6 100 0     0 0     0 0     0 0     0 000 000 0     0 0     0 00000 11111 

16 16 17 0.3219 104.6 2000 2     0 84.6 100 0     0 0     0 0     7 1     3 111 111 0     0 0     0 00000 11111 

17 17 18 0.3219 104.6 2000 2     0 84.6 100 0     0 0     0 0     0 0     0 000 000 0     0 0     0 00000 11111 

18 18 19 1.0083 104.6 2000 2     0 84.6 100 0     0 0     0 0     0 0     0 000 000 0     0 0     0 00000 11111 

19 19 20 0.3219 104.6 2000 2     0 84.6 100 0     0 0     0 0     8 1     3 111 111 0     0 0     0 00000 11111 

20 20 21 0.3219 104.6 2000 2     0 84.6 100 0     0 0     0 0     0 0     0 000 000 0     0 0     0 00000 11111 

21 21 22 0.3048 104.6 2000 2     0 84.6 100 0     0 0     0 0     0 0     0 000 000 0     0 0     0 00000 11111 

QNET Signal File           

8 1 1800           

1             

1 1800 1800 1800 0 3 600  0 35 0 1165 0 0 

2 1800 1800 1800 0 3 676  0 25 0 1099 0 0 

3 1800 1800 1800 0 3 712  0 30 0 1058 0 0 

4 1800 1800 1800 0 3 772  0 25 0 1003 0 0 

5 1800 1800 1800 0 3 1000  0 35 0 765 0 0 

6 1800 1800 1800 0 3 1132  0  30 0 638 0 0 

7 1800 1800 1800 0 3 1259  0 30 0 511 0 0 

8 1800 1800 1800 0 3 1367  0 25 0 408 0 0 
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FILE 4: OD DEMAND  

 

FILE 5: INCIDENT FILE  

 

LANE STRIPING FILE 

 

  

QNET O-D Demand File             

-2 0 0 1 1 1 1 1 1 1       

1 1 22 675 1 0 1800 1 0 0 0 0 100.99 1 2 1 

2 1 22 4000 1 577 578 0 1 0 0 0 100.99 3 2 2 

QNET Incident File   

0       

Lane Striping File     

21      

1 1 2 010 010 01000 00000 

2 2 2 010 010 01000 00000 

3 3 2 010 010 01000 00000 

4 4 2 010 010 01000 00000 

5 5 2 010 010 01000 00000 

6 6 2 010 010 01000 00000 

7 7 2 010 010 01000 00000 

8 8 2 010 010 01000 00000 

9 9 2 010 010 01000 00000 

10 10 2 010 010 01000 00000 

11 11 2 010 010 01000 00000 

12 12 2 010 010 01000 00000 

13 13 2 010 010 01000 00000 

14 14 2 010 010 01000 00000 

15 15 2 010 010 01000 00000 

16 16 2 010 010 01000 00000 

17 17 2 010 010 01000 00000 

18 18 2 010 010 01000 00000 

19 19 2 010 010 01000 00000 

20 20 2 010 010 01000 00000 

21 21 2 010 010 01000 00000 
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MAXIMUM VEHICLE SPEED FILE 

 

SPEED CONTROL FILE 

 

Maximum Vehicle Speed      

150 95 150 150 150 

Merge_spdctrl-  Incidents   (File 5) - baseline 

0 
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EXAMPLE CORRIDOR – PRE-TIMED CONDITION 

MASTER FILE 

 

BusStop master file 

1800 900 1800 1 0 

example_pretimed\ 

example_pretimed\output\ 

bus1.dat 

bus2.dat 

bus3.dat 

bus4.dat 

bus5.dat 

none 

none 

none 

none 

bus_bl_10.out 

bus_bl_11.out 

bus_bl_12.out 

bus_bl_13.out 

bus_bl_14.out 

bus_bl_15.out 

bus_bl_16.out 

bus_bl_17.out 

bus_bl_18.out 

bus_bl_19.out 

bus20.dat 

none 

none 

none 

none 

bus_bl_25.out 

bus_bl_26.out 

bus_bl_27.out 

bus_bl_28.out 

bus_bl_29.out 

bus_bl_30.out 

none 

none 

none 

none 

none 

none 

none 

none 

none 
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FILE 1: NODES 

 

  

BusStop Node Coordinate File    

22 1 1     

1 0.001  0 3 -1 0 

2 0.304800  0 4 0 0  

3 0.601980  0 4 0 0  

4 0.874776  0 4 0 0  

5 0.911352  0 4 0 0  

6 1.208532  0 4 0 0  

7 1.277112  0 4 0 0  

8 1.664208  0 4 0 0  

9 1.937004  0 4 0 0  

10 5.099304  0 4 0 0  

11 5.396484  0 4 0 0  

12 5.669280  0 4 0 0  

13 8.442960  0 4 0 0  

14 8.740140  0 4 0 0  

15 9.012936  0 4 0 0  

16 9.386316  0 4 0 0  

17 9.683496  0 4 0 0  

18 9.956292  0 4 0 0  

19 12.242292  0 4 0 0  

20 12.539472  0 4 0 0  

21 12.812268  0 4 0 0  

22 13.117068  0 2 -2 0 
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FILE 2: LINKS 

 

FILE 3: SIGNAL TIMING PLAN 

 

 

QNET Link File                 

21 1 1 1 1 1              

1 1 2 0.3048 104.6 2000 2     0 84.6 100 0     0 0     0 0     0 0     0 0      000 0     0 0     0 00000 11111 

2 2 3 0.3219 104.6 2000 2     0 84.6 100 0     0 0     0 0     1 1     3 111 111 0     0 0     0 00000 11111 

3 3 4 0.3219 104.6 2000 2     0 84.6 100 0     0 0     0 0     0 0     0 000 000 0     0 0     0 00000 11111 

4 4 5 0.0500 104.6 2000 2     0 84.6 100 0     0 0     0 0     0 0     0 000 000 0     0 0     0 00000 11111 

5 5 6 0.2847 104.6 2000 2     0 84.6 100 0     0 0     0 0     2 1     3 111 111 0     0 0     0 00000 11111 

6 6 7 0.0686 104.6 2000 2     0 84.6 100 0     0 0     0 0     3 1     3 111 111 0     0 0     0 00000 11111 

7 7 8 0.3871 104.6 2000 2     0 84.6 100 0     0 0     0 0     4 1     3 111 111 0     0 0     0 00000 11111 

8 8 9 0.3219 104.6 2000 2     0 84.6 100 0     0 0     0 0     0 0     0 000 000 0     0 0     0 00000 11111 

9 9 10 4.2925 104.6 2000 2     0 84.6 100 0     0 0     0 0     0 0     0 000 000 0     0 0     0 00000 11111 

10 10 11 0.3219 104.6 2000 2     0 84.6 100 0     0 0     0 0     5 1     3 111 111 0     0 0     0 00000 11111 

11 11 12 0.3219 104.6 2000 2     0 84.6 100 0     0 0     0 0     0 0     0 000 000 0     0 0     0 00000 11111 

12 12 13 1.4960 104.6 2000 2     0 84.6 100 0     0 0     0 0     0 0     0 000 000 0     0 0     0 00000 11111 

13 13 14 0.3219 104.6 2000 2     0 84.6 100 0     0 0     0 0     6 1     3 111 111 0     0 0     0 00000 11111 

14 14 15 0.3219 104.6 2000 2     0 84.6 100 0     0 0     0 0     0 0     0 000 000 0     0 0     0 00000 11111 

15 15 16 1.5036 104.6 2000 2     0 84.6 100 0     0 0     0 0     0 0     0 000 000 0     0 0     0 00000 11111 

16 16 17 0.3219 104.6 2000 2     0 84.6 100 0     0 0     0 0     7 1     3 111 111 0     0 0     0 00000 11111 

17 17 18 0.3219 104.6 2000 2     0 84.6 100 0     0 0     0 0     0 0     0 000 000 0     0 0     0 00000 11111 

18 18 19 1.0083 104.6 2000 2     0 84.6 100 0     0 0     0 0     0 0     0 000 000 0     0 0     0 00000 11111 

19 19 20 0.3219 104.6 2000 2     0 84.6 100 0     0 0     0 0     8 1     3 111 111 0     0 0     0 00000 11111 

20 20 21 0.3219 104.6 2000 2     0 84.6 100 0     0 0     0 0     0 0     0 000 000 0     0 0     0 00000 11111 

21 21 22 0.3048 104.6 2000 2     0 84.6 100 0     0 0     0 0     0 0     0 000 000 0     0 0     0 00000 11111 

QNET Signal File           

8 1 1800           

1             

1 1800 1800 1800 0 3 611 0 35 0 1154 0 0 

2 1800 1800 1800 0 3 696  0 25 0 1079 0 0 

3 1800 1800 1800 0 3 732 0 30 0 1038 0 0 

4 1800 1800 1800 0 3 794 0 25 0 981  0 0 

5 1800 1800 1800 0 3 1037 0 35 0 728 0 0 

6 1800 1800 1800 0 3 1184 0 30 0 586 0 0 

7 1800 1800 1800 0 3 1326 0 30 0 444 0 0 

8 1800 1800 1800 0 3 1450 0 25 0 325 0 0 
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FILE 4: OD DEMAND  

 

FILE 5: INCIDENT FILE  

 

LANE STRIPING FILE 

 

  

QNET O-D Demand File             

-2 0 0 1 1 1 1 1 1 1       

1 1 22 675 1 0 1800 1 0 0 0 0 100.99 1 2 1 

2 1 22 4000 1 577 578 0 1 0 0 0 100.99 3 2 2 

QNET Incident File   

0       

Lane Striping File     

21      

1 1 2 010 010 01000 00000 

2 2 2 010 010 01000 00000 

3 3 2 010 010 01000 00000 

4 4 2 010 010 01000 00000 

5 5 2 010 010 01000 00000 

6 6 2 010 010 01000 00000 

7 7 2 010 010 01000 00000 

8 8 2 010 010 01000 00000 

9 9 2 010 010 01000 00000 

10 10 2 010 010 01000 00000 

11 11 2 010 010 01000 00000 

12 12 2 010 010 01000 00000 

13 13 2 010 010 01000 00000 

14 14 2 010 010 01000 00000 

15 15 2 010 010 01000 00000 

16 16 2 010 010 01000 00000 

17 17 2 010 010 01000 00000 

18 18 2 010 010 01000 00000 

19 19 2 010 010 01000 00000 

20 20 2 010 010 01000 00000 

21 21 2 010 010 01000 00000 

227



MAXIMUM VEHICLE SPEED FILE 

 

SPEED CONTROL FILE 

 

 

Maximum Vehicle Speed      

150 95 150 150 150 

Merge_spdctrl-  Incidents   (File 5) - Pretimed (5-minutes before and after scheduled pick-up time) 

14 

1 2 0.54 311 911 signal 1 

2 3 0.54 311 911 signal 1 

3 5 0.54 396 996 signal 2 

4 6 0.54 432 1032 signal 2-3 

5 7 0.54 494 1094 signal 3-4 

6 8 0.54 494 1094 signal 4 

7 10 0.54 737 1337 signal 5 

8 11 0.54 737 1337 signal 5 

9 13 0.54 884 1484 signal 6 

10 14 0.54 884 1484 signal 6 

11 16 0.54 1026 1626 signal 7 

12 17 0.54 1026 1626 signal 7 

13 19 0.54 1150 1750 signal 8 

14 20 0.54 1150 1750 signal 8 

Merge_spdctrl-  Incidents   (File 5) - baseline 

0 
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EXAMPLE CORRIDOR – CV CONDITION 

MASTER FILE 

 

BusStop master file 

1800 900 1800 1 0 

example_CV\ 

example_CV\output\ 

bus1.dat 

bus2.dat 

bus3.dat 

bus4.dat 

bus5.dat 

none 

none 

none 

none 

bus_bl_10.out 

bus_bl_11.out 

bus_bl_12.out 

bus_bl_13.out 

bus_bl_14.out 

bus_bl_15.out 

bus_bl_16.out 

bus_bl_17.out 

bus_bl_18.out 

bus_bl_19.out 

bus20.dat 

none 

none 

none 

none 

bus_bl_25.out 

bus_bl_26.out 

bus_bl_27.out 

bus_bl_28.out 

bus_bl_29.out 

bus_bl_30.out 

none 

none 

none 

none 

none 

none 

none 

none 

none 
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FILE 1: NODES 

 

  

BusStop Node Coordinate File    

22 1 1     

1 0.001  0 3 -1 0 

2 0.304800  0 4 0 0  

3 0.601980  0 4 0 0  

4 0.874776  0 4 0 0  

5 0.911352  0 4 0 0  

6 1.208532  0 4 0 0  

7 1.277112  0 4 0 0  

8 1.664208  0 4 0 0  

9 1.937004  0 4 0 0  

10 5.099304  0 4 0 0  

11 5.396484  0 4 0 0  

12 5.669280  0 4 0 0  

13 8.442960  0 4 0 0  

14 8.740140  0 4 0 0  

15 9.012936  0 4 0 0  

16 9.386316  0 4 0 0  

17 9.683496  0 4 0 0  

18 9.956292  0 4 0 0  

19 12.242292  0 4 0 0  

20 12.539472  0 4 0 0  

21 12.812268  0 4 0 0  

22 13.117068  0 2 -2 0 
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FILE 2: LINKS 

 

FILE 3: SIGNAL TIMING PLAN 

 

 

QNET Link File                 

21 1 1 1 1 1              

1 1 2 0.3048 104.6 2000 2     0 84.6 100 0     0 0     0 0     0 0     0 0      000 0     0 0     0 00000 11111 

2 2 3 0.3219 104.6 2000 2     0 84.6 100 0     0 0     0 0     1 1     3 111 111 0     0 0     0 00000 11111 

3 3 4 0.3219 104.6 2000 2     0 84.6 100 0     0 0     0 0     0 0     0 000 000 0     0 0     0 00000 11111 

4 4 5 0.0500 104.6 2000 2     0 84.6 100 0     0 0     0 0     0 0     0 000 000 0     0 0     0 00000 11111 

5 5 6 0.2847 104.6 2000 2     0 84.6 100 0     0 0     0 0     2 1     3 111 111 0     0 0     0 00000 11111 

6 6 7 0.0686 104.6 2000 2     0 84.6 100 0     0 0     0 0     3 1     3 111 111 0     0 0     0 00000 11111 

7 7 8 0.3871 104.6 2000 2     0 84.6 100 0     0 0     0 0     4 1     3 111 111 0     0 0     0 00000 11111 

8 8 9 0.3219 104.6 2000 2     0 84.6 100 0     0 0     0 0     0 0     0 000 000 0     0 0     0 00000 11111 

9 9 10 4.2925 104.6 2000 2     0 84.6 100 0     0 0     0 0     0 0     0 000 000 0     0 0     0 00000 11111 

10 10 11 0.3219 104.6 2000 2     0 84.6 100 0     0 0     0 0     5 1     3 111 111 0     0 0     0 00000 11111 

11 11 12 0.3219 104.6 2000 2     0 84.6 100 0     0 0     0 0     0 0     0 000 000 0     0 0     0 00000 11111 

12 12 13 1.4960 104.6 2000 2     0 84.6 100 0     0 0     0 0     0 0     0 000 000 0     0 0     0 00000 11111 

13 13 14 0.3219 104.6 2000 2     0 84.6 100 0     0 0     0 0     6 1     3 111 111 0     0 0     0 00000 11111 

14 14 15 0.3219 104.6 2000 2     0 84.6 100 0     0 0     0 0     0 0     0 000 000 0     0 0     0 00000 11111 

15 15 16 1.5036 104.6 2000 2     0 84.6 100 0     0 0     0 0     0 0     0 000 000 0     0 0     0 00000 11111 

16 16 17 0.3219 104.6 2000 2     0 84.6 100 0     0 0     0 0     7 1     3 111 111 0     0 0     0 00000 11111 

17 17 18 0.3219 104.6 2000 2     0 84.6 100 0     0 0     0 0     0 0     0 000 000 0     0 0     0 00000 11111 

18 18 19 1.0083 104.6 2000 2     0 84.6 100 0     0 0     0 0     0 0     0 000 000 0     0 0     0 00000 11111 

19 19 20 0.3219 104.6 2000 2     0 84.6 100 0     0 0     0 0     8 1     3 111 111 0     0 0     0 00000 11111 

20 20 21 0.3219 104.6 2000 2     0 84.6 100 0     0 0     0 0     0 0     0 000 000 0     0 0     0 00000 11111 

21 21 22 0.3048 104.6 2000 2     0 84.6 100 0     0 0     0 0     0 0     0 000 000 0     0 0     0 00000 11111 

QNET Signal File           

8 1 1800           

1             

1 1800 1800 1800 0 3 609 0 35 0 1156 0 0 

2 1800 1800 1800 0 3 690  0 25 0 1085 0 0 

3 1800 1800 1800 0 3 727 0 30 0 1043 0 0 

4 1800 1800 1800 0 3 787 0 25 0 988 0 0 

5 1800 1800 1800 0 3 1023 0 35 0 742 0 0 

6 1800 1800 1800 0 3 1163 0 30 0 607 0 0 

7 1800 1800 1800 0 3 1299 0 30 0 471 0 0 

8 1800 1800 1800 0 3 1416 0 25 0 359 0 0 
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FILE 4: OD DEMAND  

 

FILE 5: INCIDENT FILE  

 

LANE STRIPING FILE 

 

  

QNET O-D Demand File             

-2 0 0 1 1 1 1 1 1 1       

1 1 22 675 1 0 1800 1 0 0 0 0 100.99 1 2 1 

2 1 22 4000 1 577 578 0 1 0 0 0 100.99 3 2 2 

QNET Incident File   

0       

Lane Striping File     

21      

1 1 2 010 010 01000 00000 

2 2 2 010 010 01000 00000 

3 3 2 010 010 01000 00000 

4 4 2 010 010 01000 00000 

5 5 2 010 010 01000 00000 

6 6 2 010 010 01000 00000 

7 7 2 010 010 01000 00000 

8 8 2 010 010 01000 00000 

9 9 2 010 010 01000 00000 

10 10 2 010 010 01000 00000 

11 11 2 010 010 01000 00000 

12 12 2 010 010 01000 00000 

13 13 2 010 010 01000 00000 

14 14 2 010 010 01000 00000 

15 15 2 010 010 01000 00000 

16 16 2 010 010 01000 00000 

17 17 2 010 010 01000 00000 

18 18 2 010 010 01000 00000 

19 19 2 010 010 01000 00000 

20 20 2 010 010 01000 00000 

21 21 2 010 010 01000 00000 
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MAXIMUM VEHICLE SPEED FILE 

 

SPEED CONTROL FILE 

 

  

Maximum Vehicle Speed      

150 95 150 150 150 

Merge_spdctrl-  Incidents   (File 5) - CV 

8 

1 2 0.54 586 644  signal 1 

2 5 0.54 672 715  signal 2 

3 6 0.54 680 757  signal 3 

4 7 0.54 757 812 signal 4 

5 10 0.54 1003 1058 signal 5 

6 13 0.54 1143 1193 signal 6 

7 16 0.54 1278  1329  signal 7 

8 19 0.54 1395  1441 signal 8 
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EXAMPLE CORRIDOR – SUMMARY OUTPUT FILES  

EXAMPLE CORRIDOR – BASELINE CONDITION 

 

 

BusStop master file                                                                                                                                                                                                                                                                                          

 Total Statistics:  

  1        154.00          1.00          0.00          0.00          0.00        155.00     - vehicle trips                     

  2        487.00          2.00          0.00          0.00          0.00        489.00     - person trips                      

  3        247.07          1.60          0.00          0.00          0.00        248.68     - vehicle-km                        

  4        781.31          3.21          0.00          0.00          0.00        784.52     - person-km                         

  5          9.94          1.00          0.00          0.00          0.00         10.94     - vehicle-stops                     

  6       8767.55        111.84          0.00          0.00          0.00       8879.39     - vehicle-secs                      

  7      27607.53        223.68          0.00          0.00          0.00      27831.21     - person-secs                       

  8        275.60         56.67          0.00          0.00          0.00        332.27     - total delay                       

  9         51.40         29.20          0.00          0.00          0.00         80.60     - stopped delay                     

 10        224.20         27.47          0.00          0.00          0.00        251.67     - accel/decel delay                 

 11     704398.50     266308.12          0.00          0.00          0.00     970706.62     - accel-noise                       

 12         22.31          0.15          0.00          0.00          0.00         22.45     - fuel (l)                          

 13         36.69          0.31          0.00          0.00          0.00         37.00     - HC (g)                            

 14        800.16          5.38          0.00          0.00          0.00        805.54     - CO (g)                            

 15         81.78          1.13          0.00          0.00          0.00         82.91     - NOx (g)                           

 16      50788.86        332.87          0.00          0.00          0.00      51121.73     - CO2 (g)                           

 17          0.00          0.00          0.00          0.00          0.00          0.00     - PM (g)                            

 18        210.58          0.57          0.00          0.00          0.00        211.15     - crashes*10e-6                     

 19         97.32          0.25          0.00          0.00          0.00         97.57     - injury crashes                    

 20          2.26          0.00          0.00          0.00          0.00          2.26     - fatal crashes                     

 21          6.10          0.01          0.00          0.00          0.00          6.11     - no damage                         

 22        100.05          0.39          0.00          0.00          0.00        100.44     - minor damage                      

 23         61.85          0.10          0.00          0.00          0.00         61.95     - moderate damage                   

 24          0.00          0.00          0.00          0.00          0.00          0.00     - dollars of toll                   

  

 Average Statistics:  

  1        1.0000        1.0000        0.0000        0.0000        0.0000        1.0000     - vehicle trips                     

  2        1.0000        1.0000        0.0000        0.0000        0.0000        1.0000     - person trips                      

  3        1.6044        1.6039        0.0000        0.0000        0.0000        1.6044     - vehicle-km                        

  4        1.6043        1.6039        0.0000        0.0000        0.0000        1.6043     - person-km                         

  5        0.0645        1.0000        0.0000        0.0000        0.0000        0.0706     - vehicle-stops                     

  6       56.9322      111.8400        0.0000        0.0000        0.0000       57.2864     - vehicle-secs                      

  7       56.6890      111.8400        0.0000        0.0000        0.0000       56.9145     - person-secs                       

  8        1.7896       56.6684        0.0000        0.0000        0.0000        2.1437     - total delay                       

  9        0.3338       29.2001        0.0000        0.0000        0.0000        0.5200     - stopped delay                     

 10        1.4559       27.4683        0.0000        0.0000        0.0000        1.6237     - accel/decel delay                 

 11     4574.0161   266308.1250        0.0000        0.0000        0.0000     6262.6235     - accel-noise                       

 12        0.1449        0.1458        0.0000        0.0000        0.0000        0.1449     - fuel (l)                          

 13        0.2383        0.3077        0.0000        0.0000        0.0000        0.2387     - HC (g)                            

 14        5.1959        5.3767        0.0000        0.0000        0.0000        5.1970     - CO (g)                            

 15        0.5311        1.1311        0.0000        0.0000        0.0000        0.5349     - NOx (g)                           

 16      329.7978      332.8734        0.0000        0.0000        0.0000      329.8176     - CO2 (g)                           

 17        0.0000        0.0000        0.0000        0.0000        0.0000        0.0000     - PM (g)                            

 18        1.3674        0.5714        0.0000        0.0000        0.0000        1.3622     - crashes*10e-6                     

 19        0.6319        0.2513        0.0000        0.0000        0.0000        0.6295     - injury crashes                    

 20        0.0147        0.0021        0.0000        0.0000        0.0000        0.0146     - fatal crashes                     

 21        0.0396        0.0125        0.0000        0.0000        0.0000        0.0394     - no damage                         

 22        0.6496        0.3940        0.0000        0.0000        0.0000        0.6480     - minor damage                      

 23        0.4016        0.1008        0.0000        0.0000        0.0000        0.3997     - moderate damage                   

 24        0.0000        0.0000        0.0000        0.0000        0.0000        0.0000     - dollars of toll                   
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EXAMPLE CORRIDOR – PRE-TIMED CONDITION 

 

 

 

BusStop master file                                                                                                                                                                                                                                                                                          

 Total Statistics:  

  1        249.00          1.00          0.00          0.00          0.00        250.00     - vehicle trips                     

  2        750.00          3.00          0.00          0.00          0.00        753.00     - person trips                      

  3       3288.75         13.20          0.00          0.00          0.00       3301.95     - vehicle-km                        

  4       9905.76         39.60          0.00          0.00          0.00       9945.36     - person-km                         

  5        559.16          9.43          0.00          0.00          0.00        568.59     - vehicle-stops                     

  6     139698.34        942.16          0.00          0.00          0.00     140640.50     - vehicle-secs                      

  7     419636.91       2826.48          0.00          0.00          0.00     422463.38     - person-secs                       

  8      11601.30        363.72          0.00          0.00          0.00      11965.02     - total delay                       

  9       1821.50        200.90          0.00          0.00          0.00       2022.40     - stopped delay                     

 10       9779.81        162.81          0.00          0.00          0.00       9942.62     - accel/decel delay                 

 11   22107386.00     294573.62          0.00          0.00          0.00   22401960.00     - accel-noise                       

 12        331.26          1.07          0.00          0.00          0.00        332.34     - fuel (l)                          

 13       1301.17          2.31          0.00          0.00          0.00       1303.48     - HC (g)                            

 14      28857.94         39.07          0.00          0.00          0.00      28897.01     - CO (g)                            

 15       1082.00          7.77          0.00          0.00          0.00       1089.77     - NOx (g)                           

 16     726424.56       2452.11          0.00          0.00          0.00     728876.69     - CO2 (g)                           

 17          0.00          0.00          0.00          0.00          0.00          0.00     - PM (g)                            

 18       3284.34          3.17          0.00          0.00          0.00       3287.50     - crashes*10e-6                     

 19       1548.62          1.39          0.00          0.00          0.00       1550.01     - injury crashes                    

 20         24.35          0.01          0.00          0.00          0.00         24.35     - fatal crashes                     

 21        143.62          0.09          0.00          0.00          0.00        143.71     - no damage                         

 22       1449.76          2.22          0.00          0.00          0.00       1451.97     - minor damage                      

 23        998.15          0.51          0.00          0.00          0.00        998.66     - moderate damage                   

 24          0.00          0.00          0.00          0.00          0.00          0.00     - dollars of toll                   

  

 Average Statistics:  

  1        1.0000        1.0000        0.0000        0.0000        0.0000        1.0000     - vehicle trips                     

  2        1.0000        1.0000        0.0000        0.0000        0.0000        1.0000     - person trips                      

  3       13.2078       13.2013        0.0000        0.0000        0.0000       13.2078     - vehicle-km                        

  4       13.2077       13.2013        0.0000        0.0000        0.0000       13.2076     - person-km                         

  5        2.2456        9.4312        0.0000        0.0000        0.0000        2.2744     - vehicle-stops                     

  6      561.0375      942.1600        0.0000        0.0000        0.0000      562.5620     - vehicle-secs                      

  7      559.5159      942.1600        0.0000        0.0000        0.0000      561.0403     - person-secs                       

  8       46.5916      363.7161        0.0000        0.0000        0.0000       47.8601     - total delay                       

  9        7.3152      200.9031        0.0000        0.0000        0.0000        8.0896     - stopped delay                     

 10       39.2763      162.8131        0.0000        0.0000        0.0000       39.7705     - accel/decel delay                 

 11    88784.6797   294573.6250        0.0000        0.0000        0.0000    89607.8438     - accel-noise                       

 12        1.3304        1.0747        0.0000        0.0000        0.0000        1.3294     - fuel (l)                          

 13        5.2256        2.3118        0.0000        0.0000        0.0000        5.2139     - HC (g)                            

 14      115.8953       39.0719        0.0000        0.0000        0.0000      115.5881     - CO (g)                            

 15        4.3454        7.7708        0.0000        0.0000        0.0000        4.3591     - NOx (g)                           

 16     2917.3677     2452.1094        0.0000        0.0000        0.0000     2915.5068     - CO2 (g)                           

 17        0.0000        0.0000        0.0000        0.0000        0.0000        0.0000     - PM (g)                            

 18       13.1901        3.1667        0.0000        0.0000        0.0000       13.1500     - crashes*10e-6                     

 19        6.2194        1.3908        0.0000        0.0000        0.0000        6.2000     - injury crashes                    

 20        0.0978        0.0056        0.0000        0.0000        0.0000        0.0974     - fatal crashes                     

 21        0.5768        0.0890        0.0000        0.0000        0.0000        0.5748     - no damage                         

 22        5.8223        2.2178        0.0000        0.0000        0.0000        5.8079     - minor damage                      

 23        4.0086        0.5131        0.0000        0.0000        0.0000        3.9947     - moderate damage                   

 24        0.0000        0.0000        0.0000        0.0000        0.0000        0.0000     - dollars of toll                   
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EXAMPLE CORRIDOR – CV CONDITION 

 

 

BusStop master file                                                                                                                                                                                                                                                                                          

 Total Statistics:  

  1        249.00          1.00          0.00          0.00          0.00        250.00     - vehicle trips                     

  2        750.00          3.00          0.00          0.00          0.00        753.00     - person trips                      

  3       3288.90         13.20          0.00          0.00          0.00       3302.10     - vehicle-km                        

  4       9906.20         39.60          0.00          0.00          0.00       9945.81     - person-km                         

  5        323.03         10.55          0.00          0.00          0.00        333.58     - vehicle-stops                     

  6     124105.33        904.06          0.00          0.00          0.00     125009.39     - vehicle-secs                      

  7     373056.91       2712.18          0.00          0.00          0.00     375769.09     - person-secs                       

  8       9818.73        382.94          0.00          0.00          0.00      10201.66     - total delay                       

  9       1129.00        191.40          0.00          0.00          0.00       1320.40     - stopped delay                     

 10       8689.72        191.53          0.00          0.00          0.00       8881.26     - accel/decel delay                 

 11   18439582.00    1029467.94          0.00          0.00          0.00   19469050.00     - accel-noise                       

 12        300.96          1.10          0.00          0.00          0.00        302.06     - fuel (l)                          

 13        440.72          2.31          0.00          0.00          0.00        443.03     - HC (g)                            

 14       9449.40         40.13          0.00          0.00          0.00       9489.52     - CO (g)                            

 15       1094.90          8.22          0.00          0.00          0.00       1103.12     - NOx (g)                           

 16     687021.88       2521.55          0.00          0.00          0.00     689543.44     - CO2 (g)                           

 17          0.00          0.00          0.00          0.00          0.00          0.00     - PM (g)                            

 18       2911.33          4.17          0.00          0.00          0.00       2915.50     - crashes*10e-6                     

 19       1345.34          1.88          0.00          0.00          0.00       1347.22     - injury crashes                    

 20         29.02          0.01          0.00          0.00          0.00         29.03     - fatal crashes                     

 21         88.22          0.15          0.00          0.00          0.00         88.36     - no damage                         

 22       1394.85          2.64          0.00          0.00          0.00       1397.49     - minor damage                      

 23        845.50          0.83          0.00          0.00          0.00        846.33     - moderate damage                   

 24          0.00          0.00          0.00          0.00          0.00          0.00     - dollars of toll                   

  

 Average Statistics:  

  1        1.0000        1.0000        0.0000        0.0000        0.0000        1.0000     - vehicle trips                     

  2        1.0000        1.0000        0.0000        0.0000        0.0000        1.0000     - person trips                      

  3       13.2084       13.2012        0.0000        0.0000        0.0000       13.2084     - vehicle-km                        

  4       13.2083       13.2012        0.0000        0.0000        0.0000       13.2082     - person-km                         

  5        1.2973       10.5464        0.0000        0.0000        0.0000        1.3343     - vehicle-stops                     

  6      498.4150      904.0601        0.0000        0.0000        0.0000      500.0376     - vehicle-secs                      

  7      497.4092      904.0601        0.0000        0.0000        0.0000      499.0293     - person-secs                       

  8       39.4326      382.9365        0.0000        0.0000        0.0000       40.8066     - total delay                       

  9        4.5341      191.4025        0.0000        0.0000        0.0000        5.2816     - stopped delay                     

 10       34.8985      191.5340        0.0000        0.0000        0.0000       35.5250     - accel/decel delay                 

 11    74054.5469  1029467.9400        0.0000        0.0000        0.0000    77876.2031     - accel-noise                       

 12        1.2087        1.1050        0.0000        0.0000        0.0000        1.2082     - fuel (l)                          

 13        1.7699        2.3117        0.0000        0.0000        0.0000        1.7721     - HC (g)                            

 14       37.9494       40.1256        0.0000        0.0000        0.0000       37.9581     - CO (g)                            

 15        4.3972        8.2206        0.0000        0.0000        0.0000        4.4125     - NOx (g)                           

 16     2759.1240     2521.5452        0.0000        0.0000        0.0000     2758.1738     - CO2 (g)                           

 17        0.0000        0.0000        0.0000        0.0000        0.0000        0.0000     - PM (g)                            

 18       11.6921        4.1668        0.0000        0.0000        0.0000       11.6620     - crashes*10e-6                     

 19        5.4030        1.8767        0.0000        0.0000        0.0000        5.3889     - injury crashes                    

 20        0.1165        0.0108        0.0000        0.0000        0.0000        0.1161     - fatal crashes                     

 21        0.3543        0.1475        0.0000        0.0000        0.0000        0.3535     - no damage                         

 22        5.6018        2.6371        0.0000        0.0000        0.0000        5.5899     - minor damage                      

 23        3.3956        0.8291        0.0000        0.0000        0.0000        3.3853     - moderate damage                   

 24        0.0000        0.0000        0.0000        0.0000        0.0000        0.0000     - dollars of toll                   
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APPENDIX F: SCHOOL BUS STOP EXAMINATIONS: AN 

INTERACTIVE TOOL FOR IMPROVING STUDENT SAFETY 
 

This paper was written for presentation at the Women Transportation Seminar Annual Meeting 

in 2015 and presented in poster format. 

ABSTRACT 

This paper presents the foundation for an interactive tool that identifies safety concerns at school 

bus stops and provides safety improvement recommendations based on user inputs.  The school 

bus stop examination tool operates as an Android-based mobile phone application which prompts 

users to answer questions related to student bus stop usage, bus stop surroundings, and bus driver 

observations.  The examination takes approximately fifteen minutes to complete and after 

completion, it provides the user with user-specific recommendations to improve student safety at 

the bus stop.  These recommendations are intended to be discussed among parents/guardians and 

taken to the school administration as needed.  The application encourages shared responsibility 

of student safety improvements and open communication regarding school bus stop placement.  

Ultimately, the application can be used by parents, guardians, district personnel, and school 

administration to improve school bus stops in the near-term, and researchers can use the 

cumulative results to recommend changes to school bus stop location selection guides and 

influence any future legislation on the topic of school bus stop placement. 

INTRODUCTION 

Although the safety of school children is important, national guidelines and requirements related 

to school bus stop placement do not exist.  Therefore, the decision is currently left to State and 

local agencies.  The Safe Routes to School Guide provides useful information about how policy 

is developed (1).  For example, some States have developed very basic policy to regulate 

specifications such as the minimum allowable distance between stops and the minimum radius 

from the school in which a school bus may provide service to students.  In other cases, more 

specific policies exist at the local and district level and may include restrictions related to 

placement of bus stops on private roads/property and cul-de-sacs, placement of stops at the 

corner of intersections versus at mid-block locations and placement of bus stops on high volume 

roads or near railroad crossings.  Additionally, local policies may include stipulations about how 

to accommodate younger riders such as kindergarten students who cannot walk far from home.  

Furthermore, some school districts may rely on the judgment of the school transportation director 

to place high-risk bus stops.   
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Road and street-side characteristics also play a large part in the decision to place or not place a 

bus stop at a particular location.  Certain constraints such as the school bus’s limited 

maneuverability and adequacy of student waiting areas add additional restrictions to bus stop 

placement.  Current best practices include locating bus stops on roads with lower traffic volumes 

and speeds, minimizing the number of stops along multi-lane roads, avoiding conditions that 

require driving the bus in reverse, and avoiding bus stops near railroad crossings (1).  Preference 

should be given to locations where existing pedestrian infrastructure can aid in providing safe 

pedestrian waiting areas or protected crossing areas. 

The Safe Routes to School Guide (1) emphasizes that 

student visibility is one of the highest priorities.  If a bus 

stop cannot be relocated due to visibility concerns, the 

Manual on Uniform Traffic Control Devices (MUTCD) 

provides the following guidance regarding placement of 

a “School Bus Stop Ahead” sign (Section 7B.13) (2).   

“The School Bus Stop Ahead (S3-1) sign (see 

Figure 7B-1) should be installed in advance of 

locations where a school bus, when stopped to 

pick up or discharge passengers, is not visible to 

road users for an adequate distance and where 

there is no opportunity to relocate the school 

bus stop to provide adequate sight distance.” 

While the guidance provides some direction as to when school bus stop signs are to be used, they 

are simply guidelines, not requirements. 

While many of the aforementioned policies and guidelines were developed with student safety in 

mind, acute measures of safety often go unchecked such as accommodations for student 

impairments.  Given that the different students use the bus stops every year, accommodations 

made one year may not be adequate for the students that use the bus stop in the following year.  

These concerns paired with a constantly changing group of students that use a particular bus stop 

indicate that a wide range of unsafe conditions may plague bus stops across the United States.   

The research team has developed a tool that school transportation professionals, bus drivers, and 

in some cases parents can use that asks them questions regarding the location and circumstances 

surrounding their student’s bus stop(s).  At the completion of the examination, the application 

provides a list of recommendations that are specific to the bus stop that was examined.  By 

putting the technology into an accessible format that anyone can use, school transportation 

professionals can be alerted to concerns in their area without needing to examine each bus stop 

individually.   

Figure 1: Sign S3-1 in the MUTCD 

“School Bus Stop Ahead”  
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TOOL DEVELOPMENT 

This tool is built on two main concepts: 

1. Existing principles behind road safety audits and inspections  

2. Tailored results via logic-based feedback  

ROAD SAFETY AUDITS AND INSPECTIONS 

Road safety audits (RSA) and/or inspections are performed by a team of individuals that are 

interested in improving transportation safety at a specific intersection or along a section of road.  

These teams are typically composed of individuals from various backgrounds that are not related 

to the project design or redesign teams.  RSA prompt lists contain suggested areas for team 

members to investigate depending on the focus of the audit.  In the past decade, RSA prompt 

lists have grown from a general RSA Guide to focusing on a number of specialized areas 

including, but not limited to: pedestrians (3), bicycles (4), Federal and Tribal Lands (5), work 

zones (6), and school zones (7, 8). 

Road safety audits have the potential to greatly improve safety on a given stretch of road due to 

its thorough inspection process and well-documented findings.  Some municipalities and school 

districts have begun performing safety audits on school zones by using the prompt lists from the 

pedestrian RSA Guide and the School Zone Prompt list to improve the walking and bicycling 

conditions to and from schools, but none of the auditing guides contain prompt lists for school 

bus stop locations.  This is likely due to the temporary nature of school bus stops and the 

resources it would require to conduct formal reviews of each bus stop in a district, county, or 

town. 

To reduce the financial burden on the school districts, cities, or States, the tool described in this 

paper can be used by anyone and does not require any formal training.  Since it is a stand-alone 

program completed by a single individual, it does not fit into the category of transportation safety 

audits or inspections which involve teams of professionals.  As a result, a new category called a 

“safety examination” must be defined.  Safety examinations involve a very detailed series of 

easy-to-answer prompts that ultimately assess a transportation safety concern.  Examinations are 

written in a manner that precludes the need for a technical background and therefore may be 

performed by any member of society rather than limiting it to one or more transportation 

specialists.   

LOGIC-BASED FEEDBACK 

The school bus stop examination tool was developed to ask participants strategic questions 

related to school bus stop location and usage.  Each question was designed to inform the next 

question, or to identify user-specific recommendations at the end of the examination. 

After developing a list of questions and corresponding recommendations, a prototype tool for 

Android based mobile devices was developed and programmed using the MIT App Inventor 2.  
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By using this process, parents are able to download the mobile phone application, complete an 

examination, and view and email the results. 

The programming logic automatically skips questions that do not apply to a particular bus stop.  

For example, if a user indicates that none of the students at the bus stop require special mobility 

accommodations, then the application will not ask the user about the special needs or 

recommend unnecessary safety improvements based on the special needs.  Similarly, the 

application was programmed to provide recommendations only in the areas in which a user 

provided answers that indicate potential safety deficiencies.  In some cases, a user may receive a 

summary of recommendations that simply indicates that the school bus stop is adequately 

designed and located in a reasonable place.   

CONSIDERATIONS DURING BUS STOP EXAMINATION 

PRE-INSPECTION ACTIVITIES 

Unlike traditional safety audits or inspections, very little pre-planning is required.  Upon opening 

the application, the user sees the following introductory message: 

Thank you for using the School Bus Stop Examination Tool.  This application intends to 

guide you through an examination of a school bus stop in order to identify potential 

safety concerns based on the location of the stop paired with student needs. 

To ensure accurate results, you will need the following items: a mobile phone or tablet 

and a tape measure. 

The examination is expected to take between 10-15 minutes to complete.  Once you finish 

this examination, you will have the option to share your results via email.  It is highly 

recommended to email your results to your personal email address in order to maintain a 

record of this examination. 

At this point, the user has the option of pressing the “Begin Examination” button to start the 

examination. 

INSPECTION ACTIVITIES 

The examination is broken down into three sections: student-related information, bus stop 

location information, and school bus driver input.   

Student-Related Information 

The section on student-related information begins by asking general information about the bus 

stop such as how many students use the stop and what level of school the students attend.  Both 

of these questions provide important background information that feed directly into the summary 

of recommendations. 
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The remaining questions in the student-related information section deal with special student 

accommodations.  If a user indicates that none of the students at the bus stop require special 

accommodations, the application is programmed to skip forward to the bus stop location section.  

Otherwise, the application inquires about the type of accommodations that need to be considered 

and then asks questions about the bus stop facilities depending on the student’s physical or 

mental impairment. 

Bus Stop Location Information 

The application relies heavily on a user’s observations about the bus stop location.  This section 

focuses on aspects such as whether or not the bus stop meets recommended criteria for student 

safety.  This section is based, in part, on recommendations from the Safe Routes to School Guide 

(1), content from the City of Phoenix’s Crossing Safety procedure (7), and a guide for Selecting 

School Bus Stop Locations (9).  Additional recommendations are based on the research team’s 

experience and observations at bus stops in Virginia and Florida.   

Bus Driver Input 

Reaching out to the bus driver provides a fuller view of the bus stop’s overall safety.  The bus 

driver is able to provide perspective on how often his/her bus is illegally passed along the route, 

or how frequently there are near-crashes with the school bus or students as they cross the road.   

POST-INSPECTION RECOMMENDATIONS  

After a user completes the examination, they are provided with a set of personalized 

recommendations that correspond to their answers.  The recommendations begin by summarizing 

the bus stop’s demographic information in the following manner: 

The following recommendations result from an examination of school bus stop safety.  

This particular bus stop is used by [number of students] [level of school 

(elementary/middle/high)] school students. 

The recommendations that follow the introductory message pertain to the topics discussed above 

and are only included if the examiner selects certain answers.  Each recommendation is 

supported by literature and State or Federal guidelines, where available; however, the citations 

are not meant to contain an exhaustive listing of related literature. 

Student-Related Information 

If the user indicated that at least one student at the bus stop requires special physical or mental 

accommodations such as for auditory, visual, or mobility impairments, the application will 

prompt the user to look for common issues that may cause problems for these students.  These 

include, but are not limited to sidewalks with ramps with tactile paving such as truncated domes 

or detectable warnings (10). 
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If the user indicated that one or more students had a sensory processing disorder, the 

recommendations will include a statement to evaluate the bus stop environment from a sensory 

point of view (i.e., is the bus stop located near heavy traffic or other loud noises?).  If the bus 

stop contains excessive external stimuli, the recommendation is to relocate the bus stop to reduce 

the student’s cognitive load.  At this point, no literature exists on this particular topic of 

accommodating sensory processing disorders at public bus stops. 

Bus Stop Location Information 

The section on bus stop location information provides a majority of the recommendations.  If a 

user indicates that the bus stop has been at the same location for over three years, the 

recommendations will include a line that recommends permanent changes to the neighborhood or 

roadside infrastructure in order to permanently solve some of the location-based problems. 

If the bus is located along a cul-de-sac or a dead end and the bus is expected to drive in reverse 

in order to leave the bus stop, the recommendation is to relocate the bus stop so the driver does 

not have to drive in reverse (9).  If that is not possible, the bus should only drive in reverse when 

the students are not on the roadside.  For example, for the morning pick-up, drivers should load 

the students then move the bus in reverse; in the afternoons, drivers should perform the backing 

maneuver first then unload the students.  By keeping the students on the bus while the bus drives 

in reverse, the possibility of a bus-to-pedestrian collision is greatly reduced.   

If the students wait on a grassy surface, on the shoulder of a road, or along the roadside, the 

application recommends installing a paved sidewalk and waiting area that is at least three feet 

from the flow of traffic.  The three-foot separation distance is based on the Phoenix School 

Crossing Safety Audit Procedure that recommends students stand back at least three to ten feet 

from the edge of the road prior to crossing the street (7).   

If the speed limit on the road is greater than 25 mph and students are required to cross at least 

three lanes of traffic, the application will recommend installing crosswalk pavement markings or 

grade-separated pedestrian crossings, if none currently exist, to help protect students who need to 

cross the street (11, 12).  Bus stops along high speed rural roads may need additional safety 

countermeasures due to high speed limits and limited locations to turn around. 

If the students are expected to congregate at the bus stop before the sun rises and the bus stop 

does not contain any overhead lighting, the recommendations will include adding overhead 

lightings to increase conspicuity and awareness of the bus stop.  Similarly, if the location 

frequently experiences inclement weather during pick up or drop off times, the application will 

recommend installing a shelter at the bus stop to help keep the students out of the rain, snow, 

sleet, and/or wind. 

If sight distance is compromised by curbside parking near the bus stop, the program recommends 

installing a “No Parking” sign prior to the bus stop.  If necessary, the parking restriction may be 
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enforced only during pick up and drop off times.  If sight distance is compromised by permanent 

objects that cannot be moved, the app will recommend installing a “School Bus Stop Ahead” 

Sign.  Some districts in Missouri enhance the “School Bus Stop Ahead” signs by placing small 

flags during the school year. 

In terms of general student safety, some schools assign “safety patrols” or “safety officers” to 

monitor student safety on campus (13, 14).  The same principles can be applied to school bus 

stops.  Traditionally, safety patrols consist of students; however, bus stop patrols may also 

include parent, guardian, or older sibling volunteers.   

Lastly, if the improvements suggested in this recommendations document prove to be extensive 

and the nearest bus stop is less than 0.25 miles away, the application suggests considering 

combining the bus stops.  If combining bus stops, ensure that district regulations regarding 

maximum student travel distance are upheld. 

Bus Driver Input 

If the bus driver indicates that (s)he is illegally passed once a month or more, or witnesses a 

crash or near-crash with a bus or pedestrian once a month or more, then the recommendations 

include a line to consider educational campaigns to improve the understanding of stopped school 

bus laws (15, 16).  

DISCUSSION 

This application is intended to provide a starting point for parents and/or guardians who are 

concerned about their student’s well-being.   

A TOOL FOR PARENTS AND GUARDIANS 

The school bus examination process is intended to be used as a way for parents or guardians to 

be proactive in protecting their child on his or her commute to school.   

After completing the examination, the application recommends emailing the results to the user’s 

own email address to maintain a record of the examination.  It discourages the user from 

automatically emailing State or local officials for two reasons.  First, the authors acknowledge 

that every State, county, and school district are organized differently and may have people in 

different positions involved in school bus stop placement.  Second, the application suggests that 

student safety should be a shared responsibility.  In this respect, some of the suggested 

modifications can be taken care of by the parents or homeowners’ associations rather than 

overwhelming the inboxes and budgets of school transportation directors.   

Since State or local officials may govern certain requirements regarding school bus stop 

placement, such as minimum distance between stops minimum radius from the school, the users 

of the application are encouraged to download local or district school transportation documents 

in order to make informed decisions about safety treatments and bus stop placement. 
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A TOOL FOR SCHOOL AND DISTRICT PERSONNEL 

This tool provides a low-cost, low-effort method for evaluating student safety.   

If a school district or school chooses to promote the use of the application, they can aggregate the 

examination results and use them to identify common safety concerns and address high-risk bus 

stops.  The administration can then prioritize which recommendations to install and make the 

most of the limited transportation budget.  If all the examinations performed along a bus route 

demonstrate unfavorable conditions along the entire route, the transportation director may choose 

to re-route the bus along a road with safer student conditions.   

A TOOL FOR RESEARCHERS 

The School Bus Stop Examination application was designed in a way that allows the authors to 

collect the results of each examination and store it in a database.  Once a reasonable sample size 

has been collected, this data can be analyzed to determine common safety concerns at bus stops 

across the United States.  Those results can then be used to modify existing school bus stop 

guidelines and to offer new suggestions for low cost bus stop safety treatments.  

CONCLUSIONS 

School bus stops receive little attention after the first decision to place a bus stop despite the 

changing population of students that use the stop.  Performing safety audits at each bus stop in a 

county would cost an exorbitant amount of money and would lead little to no funds available for 

making improvements or re-planning bus routes.  By developing a mobile phone-based tool that 

anyone can use to evaluate student safety at bus stops and compile safety recommendation, 

schools, counties, and districts can focus their funds on making improvements that keep students 

safe.  Since the application also acts as a data collection tool, the examination results can be 

analyzed and used to enhance current bus stop placement guides by identifying the most 

common safety concerns at bus stops in the United States. 
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STUDENT-RELATED QUESTIONING 
 

Table 1: Question and recommendation logic for the student-related information 

# Question Sequence Recommendation 

Student-Related Information 

1 What level of students 

utilize this bus stop? 

The answer provided here is used in the introductory paragraph of all the recommendations. 

Proceed to next question. 

2 On average, how many 

students use this bus stop? 

The answer provided here is used in the introductory paragraph of all the recommendations. 

Proceed to next question. 

3 Do any of the students 

require special 

accommodations? 

If yes, proceed on with the student-based questioning.   

If no, skip to location-based questions. 

4 Does the student have a 

hearing impairment? 

If yes, proceed to the next question.   

If no, skip to question 6. 

5 Is there a "Deaf Child" sign 

within 100 feet of the bus 

stop? 

If no, provide the following recommendation:  

“The parent has indicated that at least one student requires special accommodations due to a 

hearing impairment and that there are no signs near the bus stop that indicate the presence of a 

deaf child.  Consider installing a "Deaf Child Area" sign near the bus stop.” 

Proceed to next question. 

6 Does the student have a 

visual impairment? 

If yes, proceed to the next question.   

If no, skip to question 8. 

7 Is the bus stop clearly 

indicated with tactile cues? 

If no, provide the following recommendation:  

“The user indicated that there is at least one student that utilizes this bus stop that requires 

special accommodations due to a visual impairment.   At this time, the bus stop does not 

accommodate the needs of the visually impaired student(s). Consider installing tactile warning 

curb ramps (durable mats with raised dots that are frequently found at intersections) at the bus 

stop in accordance to the MUTCD and State manuals and guidelines.  Also consider placing a 

“Blind Child Area” sign near the bus stop as appropriate.” 

Proceed to next question. 
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# Question Sequence Recommendation 

8 Does the student have a 

mobility impairment? 

If yes, proceed to the next question.   

If no, skip to question 10. 

9 Do the pathways to the bus 

stop have any curbs or other 

obstructions that could 

interfere with a student's 

ability to navigate to the 

stop? (i.e. steps, excessive 

dirt/sand) 

If no, provide the following recommendation:  

“The user indicated that there is at least one mobility impaired student that utilizes this bus stop.   

At this time, the bus stop does not accommodate the needs of the student(s). Consider modifying 

the sidewalk, roadside, or pavement to meet the needs of the mobility-impaired student.  For 

example, add sidewalk ramps, widen the waiting area to accommodate the width of a wheel 

chair, etc” 

Proceed to next question. 

10 Does the student have a 

sensory processing 

disorder? (for example, 

autism spectrum disorder) 

If yes, provide the following recommendation: 

“The user indicated that there is at least one student with a sensory disorder that utilizes this 

bus stop.   At this time, the bus stop does not accommodate the needs of the student(s). Consider 

relocating the bus stop to a location or position that minimizes external stimuli such as heavy 

traffic, loud noises, etc.” 

Proceed to next section. 
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LOCATION-RELATED QUESTIONING 
 

Table 2: Question and recommendation logic for the information related to bus stop location 

# Question Sequence Recommendation 

Location-Related Information 

11 How long has this location 

been a bus stop? 

If 3+years, provide the following recommendation: 

“The user indicated that the bus stop has been active at the same location for over three years.  

Since this location is regularly used as a bus stop, consider making permanent changes to the 

neighborhood or roadside infrastructure to accommodate the needs presented below.” 

Proceed to next question. 

12 Is the bus stop located in a 

neighborhood or along a 

road (non-neighborhood)? 

For information only. Proceed to next question. 

13 Is the bus stop located at 

any of the following 

locations? 

If signalized intersection or along a straight or curved road, skip to question 15. 

Otherwise, proceed to the next question. 

14 Does the bus need to drive 

in reverse to leave this bus 

stop? 

If yes, provide the following recommendation: 

The user indicated that the bus needs to drive in reverse in order to leave the bus stop.  Consider 

relocating bus stop so the bus does not need to drive in reverse.  If that is not possible, ensure 

the bus driver drives in reverse after picking the students up and before dropping them off.  As a 

rule of thumb, no students should be on the roadside when the bus is in reverse. 

Proceed to next question. 

15 What type of surface do the 

students wait on? 

If roadside, skip to question 17. 

If grass, provide the following recommendation: 

“The user indicated that the students wait for the bus in the grass, on the shoulder of the road, 

or directly on the roadside.  Add a sidewalk or other platform for students to wait on.” 

Proceed to next question. 

16 How much space separates 

students from traffic? 

If less than 3 feet, provide the following recommendation: 

“The user indicated that the students are less than three feet away from traffic while they wait 

for the bus to arrive.  Students should have at least three feet of separation from traffic.  
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# Question Sequence Recommendation 

Consider relocating the bus stop so that this minimum distance can be achieved.” 

Proceed to next question. 

17 What is the speed limit 

along the road or inside the 

neighborhood? 

If 15-25 mph, skip to question 21. 

Otherwise, proceed to next question. 

18 Do any students need to 

cross the street to get to the 

bus stop? 

If no, skip to question 21. 

Otherwise, proceed to next question. 

19 How many lanes of traffic 

do the students need to 

cross? 

If three or more lanes, provide the following recommendation: 

“The user indicated that at least one student needs to cross a road with at least three lanes and 

a speed limit above 25 mph.  Consider adding a bus stop on the other side of the road to 

eliminate the need for a student to cross the road.” 

Proceed to next question. 

20 Is there a crosswalk or 

pedestrian bridge for 

students to use? 

If no, provide the following recommendation: 

“Consider installing a crosswalk to help the students cross the street.  If a crosswalk already 

exists, consider increasing its conspicuity by adding motion-activated flashing beacons.  If many 

students cross the busy street, consider building a pedestrian bridge to keep the students away 

from the traffic.” 

Proceed to next question. 

21 Are the students typically at 

the bus stop before sunrise? 

If no, proceed to question 23. 

Otherwise, proceed to next question. 

22 Is the bus stop well-lit? If no, provide the following recommendation: 

“The user indicated that the students are frequently at the bus top before the sun rises.  Consider 

adding overhead lighting to increase the conspicuity of the bus stop.” 

Proceed to next question. 

23 Does the location frequently 

experience inclement 

weather during bus pick-up 

and drop-off times? 

If no, proceed to question 25. 

Otherwise, proceed to next question. 

24 Is there a shelter at the bus 

stop? 

If no, provide the following recommendation: 

“The user indicated that the area frequently experiences inclement weather conditions.  
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# Question Sequence Recommendation 

Consider adding an overhead awning or bus stop shelter to help keep the students out of the 

rain, snow, sleet, and/or wind.” 

Proceed to next question. 

25 When approaching the bus 

stop in a vehicle, are there 

any objects that might 

obstruct or interfere with the 

driver's ability to see the 

waiting students?  (i.e., 

vegetation, curves, hills, on-

street parking, sun-glare, 

etc.) 

If no, proceed to question 29. 

Otherwise, proceed to next question. 

26 Are the objects permanent? If yes, skip to question 28 and provide the following recommendation: 

“The user indicated that there are some permanent objects that obstruct a driver’s view of the 

bus stop waiting area.  If the object is a tree or otherwise movable or removable object, consider 

removing it, otherwise consider relocating the bus stop.” 

Otherwise, proceed to next question. 

27 Is the obstructed view 

caused by parked cars? 

If yes, skip to question 29 and provide the following recommendation: 

“The user indicated that parked cars sometimes obstruct a driver’s view of the bus stop waiting 

area.  Install a "No Parking" sign prior to the bus stop.   Consider adding times when the sign is 

to be obeyed.” 

Otherwise, proceed to next question 

28 Is there a bus stop ahead 

sign along the road prior to 

the bus stop location? 

If no, provide the following recommendation: 

”The user indicated that there are some permanent objects that obstruct a driver’s view of the 

bus stop waiting area and that there is no “Bus Stop Ahead” sign to warn drivers.  Consider 

adding a sign or relocating the bus stop to eliminate the obstructions.” 

Proceed to next question. 

29 Do you see any of the 

following near the bus stop? 

- Traffic signal 

- Stop sign 

For information only. Proceed to next question. 
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# Question Sequence Recommendation 

- Yield sign 

- Other sign? 

30 Does the bus stop have 

assigned student "safety 

patrols" or "safety officers" 

that help maintain a safe 

atmosphere at the bus stop? 

If no, provide the following recommendation: 

“The user indicated that student safety patrols or safety officers are not used to encourage safe 

bus stop behavior.  Consider placing an older student (or volunteer parent) in charge of helping 

younger students cross the street safely.  Additionally, consider providing fluorescent safety 

jackets to volunteers (adults or students).” 

Proceed to next question. 

31 How far away is the next 

closest bus stop? 

If less than 0.25 miles away, provide the following recommendation:  

“The user indicated that the next closest bus stop is less than a quarter mile away.  If suggested 

improvements are too extensive, consider combining the bus stops.  Ensure that students are not 

required to walk more than 0.5 miles from their home to the nearest bus stop (subject to change 

based on State and/or local laws).” 

Proceed to next section. 
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BUS-RELATED QUESTIONING 
 

Table 3: Question and recommendation logic for the information obtained from the bus driver 

# Question Sequence Recommendation 

Bus Driver Input 

31 Is the bus driver available 

and/or able to answer three 

quick questions to 

contribute to this 

examination? 

If yes, proceed on with the bus driver questioning.   

If no, indicate that “The bus driver was not available or able to provide crash or near-crash 

input to this survey.” and end examination. 

32 How often is your bus 

illegally passed along this 

route? 

If once or more per month, provide the following recommendation.  

“The bus driver indicated that (s)he is illegally passed by a vehicle at least once per month 

along this route.  Consider an educational campaign to improve driver understanding of stopped 

bus laws.” 

Proceed to next question. 

33 How many times has your 

bus been involved in a crash 

or near-crash while driving 

this route? 

If once or more per month, provide the following recommendation.  

“The bus driver indicated that (s)he is involved in a crash or near-crash event at least once per 

month along this route.  Consider an educational campaign to improve driver understanding of 

stopped bus laws.” 

Proceed to next question. 

34 How many times has a 

student been involved in a 

crash or near-crash along 

this route? 

If once or more per month, provide the following recommendation.  

“The bus driver indicated that (s)he witnesses a crash or near-crash event at least once per 

month along this route.  Consider an educational campaign to improve driver understanding of 

stopped bus laws.” 

End examination. 

 

 

253



APPENDIX G: PRELIMINARY PROCEDURE TO PERFORM AN 

ECONOMIC ANALYSIS OF THE CONNECTED SCHOOL BUS 

APPLICATION BUNDLE 
 

This appendix presents a preliminary procedure for performing an economic analysis on the 

school bus related applications that were presented within the main body of the dissertation.  At 

this point in time, there are too many unknowns to properly quantify the cost and effectiveness of 

this technology; however, by considering the procedure outlined in this appendix, one can 

perform this economic analysis once the cost and effect of the connected vehicle system and 

applications have been more accurately determined. 

GENERAL PROCEDURE 

The general procedure for performing an economic analysis involves considering the following 

components: 

1. Number of crashes 

How many crashes are attributed to this particular crash area?  Are there other 

contributing factors that lead to similar crashes?  

2. Effectiveness of the system 

What percent of crashes will this system prevent?  How will this system affect different 

crash types and severities?  Are there other technologies or countermeasures that may 

increase or decrease the effectiveness this system? 

3. Cost of the system 

How much does the system cost as a whole?  Who will pay this cost?  What is the 

expected lifespan of the equipment?  What is the associated cost of operating and 

maintaining the system? Does the cost fluctuate based on how widely used the system is?  

4. Numerical Analysis of the Benefits and Costs 

Do the benefits of the system out-weight the costs of the system? Are there other 

applications that will increase the benefits of the system without increasing the overall 

costs? 

DETERMINING THE NUMBER OF CRASHES  

Using data from the National Highway Traffic Safety Administration’s (NHTSA) Fatality 

Analysis Reporting System (FARS), there are roughly 120 fatal school bus related crashes per 

year.  Since FARS strictly records the only fatal crashes, the General Estimates System (GES) 

can be used to provide a bigger picture of the number of crashes, however these values are based 
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on crashes collected at a small sample of sites and weighted to provide a national estimate.
1
  The 

total number of crashes averaged over the past five years is presented in Table 1. 

Table 1: Average of five years of school bus related crash data. 

Injury Severity 
Average Number of School Bus Related Crashes 

GES FARS 

Fatal Injury 195.8 126.6 

Incapacitating Injury 1,149 n/a 

Injured, Severity Unknown 953 n/a 

Possible Injury 18,637 n/a 

Non-Incapacitating Evident Injury 7,016 n/a 

No Injury 194,159 n/a 

Not Reported or Unknown 4,554 n/a 

 

DETERMINING THE EFFECTIVENESS OF THE SYSTEM 

Overall, the technology associated with the connected vehicle system is expected to prevent up 

to 80 percent of vehicle crash scenarios that involve unimpaired drivers (1).  While this is a 

widely accepted estimate, further research is needed to evaluate the safety benefits of individual 

applications.  Additionally, there is no known literature that estimates the crash reductions in 

terms of crash injury severity.  A system that prevents higher cost crashes (e.g., fatal compared to 

non-injury crashes) may provide a higher societal benefit overall. 

The connected vehicle system is big concept that envelopes a variety of different applications 

that are each intended to reduce a particular crash type or influence a particular sub-set of users.  

It is not possible, at this time, to fully understand the effects of the school bus related application 

as well as how it will interact with other types of applications such as pre-collision warnings and 

imminent collision warnings. 

ESTIMATING THE COST COMPONENT OF CONNECTED VEHICLE TECHNOLOGY 

Vehicle-to-infrastructure (V2I) and vehicle-to-vehicle (V2V) systems both require roadside 

infrastructure to ensure message communication and delivery
2
.  At the present time, researchers 

are estimating that cost of instrumenting the roadway with roadside units to be over $21,000 per 

installation site (2).  Detailed cost estimates are in Table 2. 

 

                                                 

1 When using GES to analyze a relatively rare crash type, the results may not provide a completely accurate picture 

of the crash situation.  For more information on the limitations of the GES database, please see Appendix A.   
2 See Chapter 7 for more information on the multi-stage approach for implementing the V2I and V2V systems in the 

near-term, intermediate-term, and long-term. 
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Table 2: Average Costs of Backhaul Installation at U.S. Connected Vehicle Test Bed Sites 

(3). 

Deployment Site Average Cost 

Reported Backhaul Cost $ 13,400 

Planning Cost $ 2,000 

Design Cost $ 2,700 

Construction Inspection Cost $ 2,100 

System Integration Cost $ 1,500 

Total Backhaul Cost $ 21,700 

 

The U.S. Department of Transportation recently published a planning tool to help researchers 

estimate the cost of launching a connected vehicle pilot program.  This system is capable of 

providing deployment cost estimates for up to 56 different applications (4).  While a school bus 

application is not available in their database of applications, the program estimates that a light 

vehicle software and equipment package is likely to cost over $11,000 per vehicle (5). 

Table 3: Average Costs of Light Vehicle Software and Instrumentation (5). 

Component Cost per Vehicle 

Light Vehicle Software Package $ 2,000 

Light Vehicle Onboard Unit $ 4,150 

Data Acquisition System (for research purposes) $ 5,050 

Total Light Vehicle Component Cost $ 11,200 

 

In addition to the physical components, each application requires many hours of development 

and testing which equates to approximately $250,000 per application  (5). 

The technology related to the connected vehicle system and the costs associated with it are still 

under development.  It is expected that the costs will remain high for several more years until the 

technology reaches a state where it is reliable enough to be mass produced and included in 

showroom vehicles.  

ESTIMATING THE NUMERICAL BENEFITS OF CONNECTED VEHICLE TECHNOLOGY 

The numerical benefits of crashes can be extracted by performing a simple benefit-to-cost 

analysis, otherwise written as B/C analysis.  At a fundamental level, this analysis method 

compares two numerical quantities that represent the overall cost of the system and its financial 

benefits.   

Since the benefits of the connected vehicle system are expected to provide improvements to 

transportation safety and mobility, these benefits must first be converted to a monetary value.  

Traditionally, crashes have been financially quantified via the values presented by Miller (6), 

however these values have been updated with inflation, increased cost of medical care, among 
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other components.  As a result, the American Association of the State Highway Transportation 

Officials (AASHTO) has published updated estimates of comprehensive crash costs in the 

Highway Safety Manual  (7)(8), reproduced in Table 4.  

Table 4: Average comprehensive cost per crash based on the KABCO injury level (7). 

Maximum Crash Injury Severity  Average 

Comprehensive 

Cost per Crash 

Fatality (K) $4,008,900 

Disabling Injury (A) $216,000 

Evident Injury (B) $79,000 

Fatal/Injury (K/A/B) $158,200 

Possible Injury (C) $44,900 

Property Damage Only (O) $7,400 

 

The benefits of improving transportation mobility can be estimated in a variety of ways.  The 

connected vehicle system has the ability to reduce the amount of congestion, thus reducing the 

amount of time spent in traffic and reducing the amount of emissions produced.  Each of these 

benefits can be represented monetarily as shown in (9) and (10). 

Additionally, since the connected vehicle technology is a new system, the economic analysis will 

also need to include estimates of benefits with respect to the market penetration of individual 

vehicle instrumentation, much like performing a sensitivity analysis.  As more vehicles are 

equipped with connected vehicle capabilities, the crash–prevention benefits of the system are 

expected to increase rapidly.    

Once all of the benefits are evaluated and formatted to represent the same denominator (e.g., per 

crash or per person), the total monetary value of the benefits can be divided by the total monetary 

value of the costs.  Typically, these calculations are performed over several years to account for 

the expected lifespan of the technology.  If the resulting ratio of benefits to costs is greater than 

1.0, the system will be considered to provide more benefits than costs and will likely be viewed 

favorably.   

The initial investment of the connected vehicle system is expected to be very large, however, 

when one considers the overall benefits of each of the applications (up to an overall benefit of 

reducing 80% of all crashes involving unimpaired drivers), the system is expected to yield a very 

high benefit to cost ratio. 

KEY STAKEHOLDERS 

With the private sector’s current involvement in research related to connected and autonomous 

vehicles, it is likely that the vehicle manufacturer and cellular service providers will accept a 

majority of the initial cost of the connected vehicle instrumentation and infrastructure.  Vehicle 
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owners may also choose to purchase aftermarket systems to install in their vehicles and/or 

purchase a new vehicle with the technology pre-installed.  This type of involvement will lower 

the overall cost of the connected vehicle system that would be footed by National and State 

entities.   

OVERALL 

The technology that supports the connected vehicle system and autonomous driving system is 

still under development and the costs will change drastically within the next couple of years.  

Since the overall benefits of a system like this is still vastly unknown and will likely change 

drastically as market penetration increases and as the applications begin interacting with each 

other.  The overall benefit-to-cost analysis of the connected vehicle system appears to be leaning 

towards very positive outcome, however, there are too many unknowns and there is too much 

variability in technology costs to definitively calculate the numerical benefits and costs of the 

connected vehicle system at this time. 
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