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EXECUTIVE SUMMARY 
An observational study was conducted in which an experimental vehicle was placed on the 
shoulder of the highway with the hazard lights engaged and the reactions of traffic were monitored 
at several locations upstream of the vehicle. The experiment was undertaken on Route 460 in 
Blacksburg VA which represents a typical 4 lane highway with shoulders in a rural location. The 
experiment was undertaken in dark conditions to assess the impact of the lighting without impact 
of other environmental factors. Three hazard light conditions were used on three different 
occasions to determine how the behavior of traffic changed based on the hazard light condition. 
The three conditions included a “No-Vehicle” condition in which no experimental vehicle was 
present (i.e., baseline), “Standard” which used the stock hazard light on the vehicle, and “5 Hz” 
which used the Hazard Enhanced Location Protocol (H.E.L.P.) from Enhanced Safety Solutions 
(ESS). For this condition, the hazard lights flashed at a frequency of 5 Hz with a duty cycle of 
35%. Data was collected for approximately 1 hour just after dark for each condition. An average 
of 284 vehicles were seen per measurement session. 

Results showed a significant decrease in traffic speed for the 5 Hz condition approximately 180m 
upstream of the vehicle. Results for the 5 Hz condition also showed a significant increase in the 
number of vehicles that changed lanes away from the disabled vehicle at 360m upstream of the 
vehicle. Results also showed that the 5 Hz condition encouraged drivers to make a full lane change 
away from the vehicle rather than simply straddle the lane line to give the vehicle more room.  
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1 INTRODUCTION 
Emergency Safety Solutions (ESS) have developed an enhanced hazard lighting system referred 
to as the Hazard Enhanced Location Protocol (H.E.L.P.), to improve visibility of potentially 
hazardous vehicles and better draw the attention of approaching drivers. The use of a hazard 
lighting system is most often relegated to when a driver is in serious need of assistance or wishes 
to alert other motorists that their vehicle has now become a potential hazard due to inoperability 
or inability to achieve a safe speed. It is imperative that activated hazard lighting systems are 
highly visible both day and night and can divert an approaching driver’s attention away from any 
secondary tasks. Compliance regulations surrounding hazard lighting systems were developed in 
the 1960’s when lighting technology was limited. Modern lighting technology, specifically LEDs 
and wireless technology, allow for alterations to current hazard lighting packages such as 
increased flash frequency, increased luminance, and the inclusion of additional rear lamps that 
are standard on most vehicles. This experiment focused on the effect of flash frequency and 
compared the performance of a 5 Hz hazard light to the standard 1.5 Hz hazard light. A test 
vehicle was placed on the shoulder of Route 460 in Blacksburg, VA with the hazard lights 
engaged, and the speed and lane position of vehicles were tracked as they approached and passed 
by the vehicle. A full literature review can be found in the Appendix. 
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2 EXPERIMENTAL DESIGN 
This study was an observational study in which an experimental vehicle was parked on the 
shoulder of a 4-lane highway, and the reactions of traffic were monitored. Traffic speed and lane 
selection were tracked at three locations upstream of the experimental vehicle. Additionally, at 
the vehicle location, the lane offset was tracked for vehicles in the lane nearest the experimental 
vehicle. 

2.1 Facilities 
The test was conducted on a portion of Route 460 West in Blacksburg, VA, between Tom’s 
Creek Road and N Main Street. This area has a speed limit of 65 mph and includes a long, 
straight, flat stretch with long sight distances allowing drivers to see the hazard lights on the 
experimental vehicle from a great distance. This road area represents a typical high speed 4 lane 
with shoulders highway in a rural location.  

The experimental vehicle was parked on the shoulder of the road and data collection towers were 
erected at four locations next to and upstream of the vehicle (Figure 1). Data was collected for 
each hazard light condition on different nights.  

The data collection period was selected to be in the dark hours. This period was selected to 
ensure that the impact of the test vehicle lighting configuration was assessed without influence of 
changing ambient lighting conditions and other visual clues evident in the daylight.  Data 
collection began just after dark (approximately 8:00pm) and ran for approximately 1 hour.  

 
Figure 1. Route 460 in Blacksburg, VA (left) and layout of data collection towers (right). 
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2.2 Experimental Vehicle 
The modified hazard lighting system was installed by ESS into a 2021 Ford Bronco (Figure 2). 
The hazard lights used the standard OEM amber LEDs on the front and rear of the vehicle which 
were included in the “Big Bend” trim package for that particular model. The frequency and duty 
cycle of the H.E.L.P. hazard lights were set using a panel beneath the steering wheel and 
activated using an auxiliary switch. For this study the H.E.L.P. light was set to 5 Hz with a 35% 
duty cycle. 

  
Figure 2: Experimental vehicle 

2.3 Data Collection Towers 
Three data collection towers were placed alongside the highway upstream of the experimental 
vehicle, and just outside of the guardrail (Figure 3). The towers were located approximately 10 
m, 180 m, and 360 m upstream of the vehicle and were raised to a height of 15 ft. These towers 
included radars to track vehicle speed and distance and GoPro cameras for recording video. The 
video was used to count the number of vehicles in each lane. 
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Figure 3. Radar/camera tower 

A fourth tower was placed beside the experimental vehicle (Figure 4) and included an IR emitter 
and IR camera. Located on the right side of the vehicle, this camera was aimed at the road 
directly beside the experimental vehicle to track the number of vehicles in each lane, as well as 
to determine the lane offset for vehicles in the nearest lane. Small pieces of retroreflective tape 
were placed in the nearest lane at 1 ft intervals so that the lane offset could be estimated (Figure 
5). 
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Figure 4. Experimental vehicle with camera tower. 

 
Figure 5. View from tower used to estimate lane offset. 

2.4 Variables and Controls 
Several variables were manipulated or controlled. They are discussed below. 
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2.4.1.1 Independent Variable 
Hazard Light: Three different hazard light conditions were used. These included the baseline 
condition “No-Vehicle” in which no experimental vehicle was present, “Standard” which used 
the vehicle’s stock hazard lights, and “5 Hz” which used the ESS H.E.L.P. system at 5 Hz with a 
35% duty cycle (i.e., for each cycle of the light, it was on for 35% of the cycle and off for 65% of 
the cycle). 

 
Figure 6. Experimental vehicle parked on shoulder of Route 460 West. 

2.4.1.2 Control Variables 
Day of the Week: To account for differences in driving patterns that typically occur during 
weekends or special events, data collection was not conducted on Friday, Saturday, or Sunday 
nights, or during special events. 

Time of Day: To account for variability in driving patterns based on the time of day, data was 
collected for each hazard light condition at approximately the same time period. Data was 
collected at night just after sunset. 

Weather and Road Conditions: The study was only conducted in clear weather conditions with 
dry pavement. 

Vehicle Location: To account for the effect of the vehicle’s location/visibility, the vehicle was 
placed in the exact same location each night. 

2.4.1.3 Dependent Variables 
Several variables were measured to assess the impact of the hazard lighting. They are discussed 
below. 
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Average Speed: The average speed of traffic at each tower location. 

Lane Selection Rate: The rate at which vehicles chose to drive in the right and left lanes at each 
tower location. 

Lane Offset: The estimated distance in feet from the inside edge of the right shoulder line to the 
right side of any vehicle that was still partially in the right lane as it passed the experimental 
vehicle. 

3 PROCEDURE 

3.1 Data Collection 
Just before sunset (approximately 7:30 PM), experimenters drove a pickup truck and the 
experimental vehicle to the test site. The vehicles were parked on the shoulder of the road while 
the data collection equipment was dropped off at each location. The towers were set up one at a 
time and the time at which data collection started was marked for each tower. The truck was then 
pulled off into a grassy area beside the road where a downhill slope, the guardrail, and vegetation 
hid it from view of approaching traffic. The experimental vehicle was then placed into position 
on the right shoulder of the road, and the adjacent camera tower was set up. Experimenters then 
sat in the truck where they could monitor the experimental vehicle, and data was collected for 
approximately 1 hour. Table 1 displays the data collection schedule and the precise times that 
data collection started and ended. 

Table 1. Data collection schedule. 

Date Condition Start Time End Time 
Total Vehicles 
Observed 

3/17/2022 No-Vehicle 8:19 PM 9:19 PM 296 
3/22/2022 5 Hz 8:20 PM 9:23 PM 291 
3/24/2022 Standard 8:12 PM 9:28 PM 264 

 

4 DATA ANALYSIS 
The following section details the data analysis and statistical modeling methods and data 
reduction methods. Each dependent variable was analyzed separately.  

4.1 Average Speed 
The speed of traffic was measured using radars. To filter out erroneous data such as when the 
radar detected vehicles traveling on the opposite side of the highway (negative speed) or when it 
locked onto something other than a vehicle (little to no speed), speeds less than 25 mph were 
omitted from the data. Additionally, since the reliability of the radar signal degraded at longer 
distances, data measured at distances greater than 40 m were omitted. A unique ID was assigned 
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to each vehicle detected by each radar. The average speed of each vehicle was calculated at each 
location. A linear-mixed model statistical test was conducted for each tower location to 
determine any statistical differences among the hazard light conditions. A confidence interval of 
95% (α = 0.05) was used to determine significance. 

4.2 Lane Selection Rate 
The number of cars in each lane were counted at each tower location. The rate at which vehicles 
chose to drive in the left lane was calculated and compared across tower locations. Trapped 
vehicles were not included when calculating the lane selection rate. A linear-mixed model 
statistical test was conducted for each tower location to determine any statistical differences 
among the hazard light conditions. A confidence interval of 95% (α = 0.05) was used to 
determine significance. 

4.3 Lane Offset 
The distance between the inside of the right edge line and the right side of a vehicle in the right 
lane was estimated at the location of the experimental vehicle. Small reflective hash marks were 
placed in the lane at 1 ft intervals. Video was reviewed to determine the approximate number of 
hash marks that were visible as a vehicle drove over them. As some vehicles had higher ground 
clearance than others, data reductionists used their best judgement to estimate where the 
vehicle’s right tires would fall on the hash marks. Data reductionists checked each other’s work 
to ensure agreement. Simple descriptive statistics were used to compare the results among each 
hazard light condition. 

5 RESULTS 
The following section provides results from each of the dependent variables and provides detail 
and explanation to those figures. 

5.1 Average Speed 
The average speed of traffic at each tower location is shown in Figure 7. Please note that the Y-
axis has been zoomed in to show detail. At 360m, the average speed for the Standard condition 
(63.5 mph) was significantly lower than 5 Hz (65.1 mph) and No-Vehicle (66 mph) which were 
not statistically different from each other. At 180m, the average speed for the 5 Hz condition was 
60.8 mph - a reduction of 4.3 mph from the speed at 360m. This was significantly lower than 
Standard (63.8 mph) and No-Vehicle (64.2 mph) which were not statistically different from each 
other. At 10m, the average speed was again significantly lower for the 5 Hz condition (60.6 mph) 
than for the Standard (63.2 mph) and No-Vehicle (62.4 mph) conditions. 
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Figure 7: Mean speed by radar tower and hazard light condition. 

5.2 Lane Selection Rate 
The percentage of vehicles which were in the left lane at each location is shown in Figure 8. At 
360 m upstream of the experimental vehicle, there was a significant difference among all hazard 
conditions. When no experimental vehicle was present, approximately 23.3% of traffic was in 
the left lane. When the experimental vehicle used the Standard condition, this increased to 
approximately 45.4% - nearly double. When the 5 Hz condition was used, 61.7% of vehicles 
were in the left lane at 360 m upstream. At 180 m upstream, the percentage of vehicles in the left 
lane for the Standard condition started to catch up to the 5 Hz condition and no statistical 
difference was found between them at this location. The percentage for the Standard condition 
jumped to 69% (an increase of 23.6% from the previous location). When the 5 Hz condition was 
used, 76.9% of vehicles were in the left lane (an increase of 15.2% from the previous location). 
At 10 m upstream of the experimental vehicle, there was no statistical difference between the 
Standard (79.4%) and 5 Hz (86.7%) conditions. Both were significantly higher than the No-
Vehicle condition for which only 30% of vehicles were in the left lane. 
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Figure 8: Left lane rate by location and hazard light condition 

5.3 Lane Offset 
The lane offset was estimated for each vehicle that was at least partially within the right lane 
when passing the experimental vehicle. The width of the lane was 12 ft. Since the average width 
of a car is approximately 6 ft, any vehicle whose offset was estimated to be greater than 6 and 
less than 12 was considered to be straddling the lane line. Any vehicle whose offset was 
estimated to be 6 ft or less was considered to be wholly within the right lane. Figure 9 shows the 
average offset for Right Lane and Straddling vehicles for the Standard and 5 Hz conditions. 
There was no difference in offset for vehicles within the right lane for the Standard (3.7 ft) or 5 
Hz (4 ft) conditions. There were no straddling vehicles found for the 5 Hz condition. 
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Figure 9: Average lane offset for Right Lane and Straddling vehicles. 

6 DISCUSSION 
This experiment was designed to assess how the presence of a “disabled vehicle” on the shoulder 
affects the behavior of traffic as they approach and pass by the vehicle. More specifically, the 
experiment was designed to determine if a hazard light with an increased frequency would result 
in any behavioral changes when compared to a standard hazard light. In this section, the results 
will be discussed with this goal in mind. 

6.1 Average Speed 
The results showed that the 5 Hz frequency encouraged drivers to reduce their speed by more 
than 4 mph somewhere between 360 and 180 m upstream of the vehicle. Traffic then continued 
to drive approximately 5 mph below the speed limit as they passed the vehicle. When the 
Standard hazard light was used, there was no reduction in speed. Instead, traffic tended to 
maintain speed as it passed the vehicle. Additionally, the average speed when the Standard 
hazard light was used was not statistically different from when there was no vehicle at all. 

6.2 Lane Selection Rate 
Both the Standard and 5 Hz hazard light conditions greatly encouraged vehicles to move over to 
the left lane. However, the 5 Hz frequency encouraged vehicles to make that decision much 
earlier. At 360 m (1,181 ft) upstream of the vehicle, approximately 61.7% of vehicles had 
already opted to drive in the left lane when the 5 Hz frequency was used (16.4% more than 
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Standard). As drivers made the decision to change lanes later with the Standard hazard lights, the 
difference between the 5 Hz and Standard lights got smaller closer to the vehicle. However, the 
percentage of vehicles which opted to drive in the left lane was consistently higher for the 5 Hz 
frequency at all distances. 

6.3 Lane Offset 
No difference in lane offset was found between the 5 Hz and Standard conditions for vehicles in 
the right lane. However, no vehicles straddled the center lane line when the 5 Hz frequency was 
used. This, in addition to its’ higher rate of vehicles in the left lane, indicates that a driver who 
might only move over a little bit for the Standard hazard lights commits to a full lane change for 
the 5 Hz frequency. Drivers who remain fully within the right lane seemed to be the type of 
driver that chose not to change their behavior regardless of the hazard light frequency. 

Traffic on this stretch of road at this time was at free flow, with very few trapped vehicles. It’s 
possible that a difference in offset might be found during heavy traffic or congestion when more 
vehicles don’t have the option to make a full lane change. 

7 CONCLUSIONS 
• A hazard light with a 5 Hz frequency and 35% duty cycle resulted in a reduced speed of 

traffic which was significantly lower than a standard hazard light. 
• A hazard light with a 5 Hz frequency and 35% duty cycle resulted in a significantly 

higher percentage of vehicles changing lanes away from the “disabled vehicle” than a 
standard hazard light at a greater distance. 

• A hazard light with a 5 Hz frequency and 35% duty cycle encouraged drivers to make a 
full lane change away from the “disabled vehicle” rather than simply giving the vehicle 
more room by straddling the center lane line. 

• For drivers that remained fully within the lane nearest the “disabled vehicle”, no 
difference was found in how far over they moved within their lane when passing the 
vehicle. 
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9 APPENDIX. LITERATURE REVIEW 

9.1 Background 
Hazard warning lights, sometimes referred to as “hazard flashers” or simply as “hazard lights,” 
are a pair of intermittent flashing indicator lights that activate in unison to caution other drivers. 
The prescribed usage for hazard warning lights includes alerting following motorists that the 
vehicle must be approached with caution due to an inability to gain speed, such as when 
traveling a steep incline, or to alert downstream motorists of a sudden stop in traffic. Motorists 
may also use warning lights to signify the vehicle is an obstruction, either when parked on a 
shoulder or inside a travel lane, and that they should approach with caution (American 
Automotive Association, 2020). 

According to Federal Motor Vehicle Safety Standards (FMVSS), the purpose of the lights is to 
enhance the conspicuity of motor vehicles on public roads during both day and night as well as 
during periods of reduced visibility (National Highway Traffic Safety Administration, 2007). 
Warning light usage varies by US state. Ten states have regulations against driving with active 
hazard lights and forty states, as well as Washington D.C., allow hazard light usage while driving 
but with stipulations. Example stipulations include that an emergency or hazardous situation 
must predicate the use, the vehicle is part of a funeral procession, or when otherwise traveling 
slower than 30 mph (American Automotive Association, 2020). Figure 10 illustrates the 
breakdown of hazard light use by state. 

 
Figure 10: Breakdown of Hazard Light Use by State (American Automotive Association, 2020). 
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The flashing indicators that make up a hazard lighting system on a vehicle are generally located 
on the rear, with one on each side. FMVSS regulations apply to hazard warning signals on all 
passenger vehicles as well as large trucks and buses, and they must meet photometric 
requirements including light level, light distribution, and light color. The signals can be amber or 
red in color and the minimum luminous intensity measured in any direction must be 0.3 cd for 
the duration of the flash pattern (NHTSA, 2007). 

Different countries use hazard warning lights in different ways. For example, in the U.K. hazard 
lights are used to indicate that a driver is slowing down while in the U.S., this is not the case. 
Drivers in New Zealand are advised to only use hazard lights when the vehicle is disabled on the 
roadway (Driver Training, 2020). In the U.S., initiating hazard warning lights causes all the turn 
signal lamps to flash in unison (NHTSA, 2007). Similarly, in Europe a hazard warning signal is 
the simultaneous operation of all of a vehicle's direction-indicator lamps to show that the vehicle 
temporarily constitutes a special danger to other road-users (United Nations Economic 
Commission for Europe, 2019); however, European regulations allow for varied color and 
placement of direction-indicator lamps and are not FMVSS compliant. 

FMVSS Code of Federal Regulations, Standard No.108 requires hazard lights to be equipped on 
all passenger vehicles (NHTSA, 2007). The technology used in current hazard light systems was 
designed over 70 years ago and was limited by the mechanical control systems and light bulbs of 
the time. It is noteworthy that at this time, FMVSS 108 requires a mechanical flasher and does 
not allow for software control of this feature. Modern lighting systems utilize LEDs and 
electronic controls and as a result, hazard lighting output on production vehicles today consist of 
a 1.0 Hz to 2.0 Hz rate of flash operating on a duty cycle (“percentage on time”) ranging between 
30% and 75% as illustrated in Figure 11 (National Highway Traffic Safety Administration, 
2007). Laboratory experiments have shown LED flashers, both in the stop lamps and center 
high-mounted stop lamp (CHMSL), were more effective than incandescent lamps at preventing 
rear-impact collisions (Greenwell, 2013). 

Created in 1967, the FMVSS rule was developed during a period when the technology of the 
time limited the speed incandescent bulbs could flash on and off. Research into warning lights 
from this time is limited; however, advancements in lighting technology since then, such as the 
advent of LEDs, have eliminated those flash rate limitations (Phelan, 2020). 

Flash rate requirements dictate that the performance of the flashers must fall within the unshaded 
portion of Figure 11 while open flashers must fall anywhere inside the chart area, including the 
shaded region (National Highway Traffic Safety Administration, 2007). The concept of open and 
closed flashers involves system hardware, typically pre-modern. As stated in FMVSS, flash 
having normally closed contacts must open (or turn off) within one second for a device designed 
to operate two signal lamps or within 1.25 second for a device designed to operate more than two 
lamps. A flasher with normally open contacts must complete the first cycle (close and open) 
within 1.5 seconds. These hardware specifications are currently applied to modern lighting 
systems, such as LEDs, that do not require hardware mechanisms to create a flashing sequence. 
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Figure 11: Flasher Performance Chart (National Highway Traffic Safety Administration, 2007). 

9.2 Problem  
NHTSA’s Fatality Analysis Reporting System (FARS) and the Crash Reporting Sampling 
System (CRSS), as reported by Accident Analysis and Prevention, indicates that between the 
years 2016 and 2018, 211 fatalities resulted from a disabled vehicle being struck after an initial 
event. Low conspicuity emergency events, as these scenarios were tabbed, involved 68,298 
people and led to ten thousand injuries in those three years (Spicer, Bahouth, Vahabaghaie, & 
Drayer, 2021).   

To address this problem, ESS has developed its HELP safety solution to better protect occupants 
of disabled vehicles as well as any road user who opts to assist them. The solution provides an 
advanced warning to oncoming drivers of potential threats on or near the roadway. 

9.3 Flashing Light Assessment Review 
Previous studies have evaluated the impact of flashing lights across an array of characteristics 
including color, glare, frequency, and the overall ability of a flashing configuration to grab 
attention. Research has centered on flashing brake lights, flashing police lights, work-zone 
caution lights, and rear signal lights. Each of these efforts have employed a different evaluation 
method for determining the best configuration in terms of better visibility, better attention-
getting capabilities, and higher preference for road users. 

9.3.1 Attention-Getting Rear Light Experiments 
An evaluation of enhanced brake lights using surrogate safety metrics was performed by VTTI in 
2010 (Llaneras, Neurauter, & Perez). This study intended to reduce the frequency and severity of 
rear end crashes by testing alternative rear-brake lighting. To do this, a computer-based 
simulation model was developed for estimating the effectiveness of several novel signals that 
increased the conspicuity of the vehicle and led to improved reaction times by drivers.  
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The researchers aimed to determine the attention-getting or eye-drawing capabilities of the 
lighting systems when they were either steady or flashing. For both the steady burn condition and 
the flashing condition, the lamp luminance presented was 420 cd for one half of the participants 
and 840 cd for the second half. This was evaluated through two separate tests, one static and one 
dynamic. During the static test, participant drivers of an instrumented vehicle were distracted 
with a center stack navigation task, such as tuning to a radio station. The mockup vehicle with 
the alternative brake light systems was located 100 feet directly in front of the participant. Eye 
glances toward the mockup vehicle were recorded using video cameras installed inside the 
participant’s vehicle. The same protocol was used for the dynamic test, however the distance 
from the mockup vehicle was extended and varied (150ft and 200ft). This study used a single 
fixed brake lamp configuration of simultaneous flashing at 5Hz under high luminance. 

Participants were distracted at three different points during the static task: once while receiving 
instruction but looking at the center stack display, once when navigating menu items in the 
center stack display, and once while entering text into the center stack display. These events 
were chosen based on their high degree of visual, cognitive, and manual loading and were 
deemed suitably safe for a static task.  

Nine brake light configurations were tested: 

1. Traffic Clearing Lamp (Incandescent) combined with out-board lamps at 
increased steady brightness. 
2. Simultaneous Flashing of All Lamps with Increased Brightness. 
3. Simultaneous Flashing of All Lamps with No Increase in Brightness.  
4. Increased Lamp Intensity. 
5. Enlarged Brake Lamp Area and Increased Brightness. 
6. Outboard Alternating Flashing, CHMSL Steady (Alternating Pair, Outboard), 
optimized in frequency. 
7. Outboard Simultaneously Flashing, CHMSL Alternately Flashing, optimized in 
frequency.  
8. Two CHMSL Lamps Alternately Flashing, Out-board Steady (Alternating Pair, 
CHMSL), optimized in frequency. 
9. Baseline (Conventional, Steady Burn). 

The methods for this research were successful in finding relevant results to the development and 
implementation of effective brake signals. Increased brake signal luminance did not increase 
detection or response time, however flashing configurations (5Hz) did when increased to the 
FMVSS allowable level of 420 cd. 

A second study was directed at reducing the incidence and severity of rear-end crashes by 
developing and evaluating rear signaling applications designed to redirect drivers’ visual 
attention. This experiment was set up to determine whether drivers, on encountering the new 
lighting, would react differently than when encountering a typical baseline braking signal 
(National Highway Traffic Safety Administration, 2009; Wierwille, Llaneras, & Neurauter, 
2009).  
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This was a naturalistic study where various candidate rear lighting systems (detailed below) were 
outfitted on a research vehicle that drove on public roadways. The research vehicle “coupled 
with” other vehicles in a traffic stream to create the following scenario. The vehicle’s rear 
lighting system was activated when a pre-defined condition occurred, such as, if the driver of the 
following vehicle looked away. The research vehicle did not actually slow its speed, only the 
vehicle’s brake lamps were activated. Researchers evaluated when drivers braked when they 
looked up or refocused their attention forward in response to the lighting configuration. 

Three conditions were tested: 

1. Baseline Braking Signal, constant on, at normal brake light level. 
2. Optimized Simultaneous Flashing of All Lamps with normal brake lamp level 
(no increase in brightness). 
3. Optimized Simultaneous Flashing of All Lamps with Increased Brightness. 

The results showed that 3% more drivers applied their brakes in response to flashing brake lamps 
with increased brightness versus flashing only. Both flashing lamps and flashing with increased 
brightness outperformed the baseline brake lamps in the study, by 11 and 14 percent, 
respectively. Thirty-nine percent more drivers refocused their attention (eye-drawing) to flashing 
brake lamps versus the baseline. The study concluded that flashing brake lamps with increased 
brightness had stronger attention-grabbing capabilities than standard, non-flashing brake lamps. 

In 2003, research by Wierwille, Lee, and DeHart (2003) found that increased brightness of rear 
lamps showed a benefit for alerting drivers to a stopped or slower moving vehicle. In addition to 
increased brightness, the results indicated that alternating flashes accompanied with increased 
brightness through dispersive lenses were the best available configuration. In 2003 LEDs were 
not widely implemented and the study focused on the use of halogen lights that were more 
commonly used at the time (Wierwille et al., 2003).  

9.3.2 Flashing Brake and Hazard System Effectiveness 
Three experiments were conducted by Li, Wang, Li, Cheng, and Green (2014) to examine the 
effectiveness of two forward crash warning systems: a flashing brake system and a flashing 
hazard system. The experiments were conducted using an advanced driving simulator. Results 
showed the flashing brake system and flashing hazard system reduced drivers’ brake response 
times by 0.14∼0.62 s and 0.03∼0.95 s, respectively. There were no significant differences 
observed in brake response times between flashing brake lights and flashing hazard lights; 
however, flashing hazards showed benefit when the time gap was a half-second longer. 

Results also showed that flashing amber lamps reduced drivers’ brake response times 
significantly by 0.11 s (10%) on average compared with red lamps. Additionally, the size and 
number of lighted elements affects break response times. Compared to a flashing braking system, 
a hazard lighting system has more flashing lights in view which possibly contributes to better 
braking performance. Although, increased size of lighting elements had better attention getting 
capabilities it did not significantly affect brake response times. In short, the results of Li et al. 
(2014) indicate that additional flashing lighting elements correlate with better response times 
from drivers. 
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9.3.3 Impact of Alternative Emergency Lighting on Police Vehicles 
Hazard lighting systems are not far removed from the flashing emergency lighting systems 
utilized by first responder vehicles such as that of police. A multi-phase study published in 2020, 
found that increasing the amount of lighting on a police vehicle in addition to the standard light 
bar resulted in a higher rate of compliance with move over laws (Terry, Fitchett, & Gibbons).  

In that study, additional emergency lighting modules were added to the interior of an unmarked 
police vehicle. Unmarked vehicles are challenging to see during the day especially as the 
emergency lighting systems are limited to being placed inside the front and rear windshields of 
the vehicles. Because of this limitation, an unmarked vehicle in Virginia typically has one 
internal lightbar on the driver’s side front visor and two rear facing modules mounted to the rear 
windshield. Research found that 20% more traffic merged during the day and began merging 
sooner when lighting in the rear windshield was doubled. This research found that light color 
impacted driver behavior in response to the move over law (combinations of red and blue for 
police) and increasing the size of the lighted area by adding lighting modules to other areas of 
the vehicle enhanced visibility from further away and improved move over compliance, both day 
and night.  

The results of this study showed that increasing the volume of light on an emergency lighting 
system generated more favorable driving behaviors such as moving over sooner and slowing 
down more when passing a traffic stop. This may indicate that a hazard lighting system with 
increased volume will cause drivers to proceed more cautiously. 

9.3.4 Evaluation of ESS H.E.L.P. Hazard Lighting System Pilot Study 
In a pilot study of the ESS H.E.L.P. system, alternative hazard lighting systems which included 
various frequencies and light volumes were examined on a closed-course test track. The 
following configurations were tested: 

• 4 Hz  
• 5 Hz  
• 6 Hz  
• 5 Hz plus an external flashing beacon 
• 5 Hz plus 5 Hz flashing CHMSL light 
• 5 Hz plus 5 Hz flashing reverse lights 
• Stock hazard lights 

In this experiment, participants performed a task using the vehicle’s radio as they drove past 
another vehicle parked on the shoulder of the road. The hazard lights on this vehicle were 
activated while the participant was distracted, and the amount of time it took for the participant 
to look at the hazard lights was measured. After being debriefed, participants also observed each 
of the configurations and rated each one for attention-getting, urgency, and glare. 

Results of the driving portion were inconclusive but, on average, participants looked at the 5 Hz 
frequency faster than the other configurations. Subjective results of the ratings were much more 
conclusive with participants preferring the 4 Hz and 5 Hz frequencies much more than the 
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standard and 6 Hz frequencies. The results of this pilot study informed the design of the current 
study which focused solely on a 5 Hz frequency hazard light. 
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