Addendum to the Variance for additional highway sign with an EMC at Hammond Lumber,

This request relates to the new Hammond Lumber location at 298 N Main St, Rochester NH.
Hammond Lumber bought Brock lumber in 2022.

We came in front of the board on November 9™ and requested a new 50’ tall highway sign with
180 sq ft EMC and 72 sq ft internally illuminated top cabinet (a total area of 252 sq ft) on the
part of the site that serves the Spaulding Turnpike as it approaches Exit 14.

We explained that Hammond competes with the Big Box stores, especially Home Depot and
Lowes. Home Depot has about 29% and Lowes 18% of the US Market share

In Hammonds case, especially in Rochester, the proximity to Home Depot and Lowes makes
promotion very important. Hammond is unable to match the Big Box stores budgets; Home
Depot spent $1.09 billion on advertising in 2019. This amounts to about $430,000 per store per
year. In 2019, Lowe's spent $811 million U.S. dollars in 2021 on advertising their products,
slightly more per store than Home Depot at $466,000 for each of their 1750 stores.

Prior to 2012, traffic heading North, or South on the Spaulding went in front of the then Brock

Lumber property on Ten Rod Road and turned right into the property on the Eastern end of the
lot; it was then a clear run to the showroom.

In 2012, the feeders off exit 14 were re-aligned. As a result, a new Ten Rod Road was created
and the old one was turned into a cul-de-sac. The entrance to Brock was changed, and traffic
now must enter the site via the Home Depot /Hannaford car park. Brock gained an easement to
do this, but this does not extend to adding any signage on the entrance to this lot. Their
entrance off Rt 11, the only entrance, is thus unmarked.

The previous owner of Brocks, Scott Brock, applied for a permit to retain the previous entrance,
but this was denied.

The board made several comments and asked for some changes. We are returning with an
alternative proposal.

1) The height of the sign seemed to be appropriate, therefore our new proposal maintains the
50 ft.

2) The board requested we reduce the size; we reduced the size from 252 sq ft to 196 sq ft.
The Lowes sign is approximately 200 sq ft, and its location and height make it very visible to
Highway traffic. Home Depot has 2 signs- one on Main, and one facing Rt16. The estimated
total of these signs is 220 sq ft.

3) The board expressed some reservations about the digital sign and traffic safety; we hope to
maintain a digital component to the sign, but we are suggesting that the transition between
messages be immediate- in other words, the sign would move from one message to another
without any other effects.

We would like to address the perception that these signs present a danger to motorists. While a
common perception is that these signs cause distraction and hence accidents, multiple high-
level research projects disprove this assertion. -
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1) One of the most comprehensive studies on the effects of Digital signs on Traffic Safety! was
conducted in 2012 by Texas A and M on commission. This study (an executive summary is
attached) shows no statistical change in the number of crashes at a location after digital signs
were installed.

2) A Federal DOT Study? from September 2012 suggests that Digital Signs (CEVMS) do not
appreciably distract drivers from the task of driving. This study noted 4 separate studies that
suggested that digital screens were no more likely to distract drivers than static billboards,

comparison sites or baseline sites. Again, an Executive Summary is attached.

3) As a consequence, the Federal DOT allows digital signs as does the NH DOT which allows
digital signs statewide and does not consider the difference between digital and static signs
on their sign calculations.

4) State DOT’s nationwide use these signs to communicate messages.

! Statistical Analysis of the Relationship between On-Premise Digital Signage and Traffic Safety; Texas
Engineering Service, Texas A and M December 17%" 2012

2 Driver Visual Behavior in the Present of Commercial Electronic Variable Message Signs



EXECUTIVE SUMMARY

This study examines where drivers look when driving past commercial electronic variable
message signs (CEVMS), standard billboards, or no off-premise advertising. The results and
conclusions are presented in response to the three research questions listed below:

1. Do CEVMS attract drivers’ attention away from the forward roadway and other driving-
relevant stimuli?

2. Do glances to CEVMS occur that would suggest a decrease in safety?
3. Do drivers look at CEVMS more than at standard billboards?

This study follows a Federal Highway Administration (FHWA) review of the literature on the
possible distracting and safety effects of off-premise advertising and CEVMS in particular. The
review considered laboratory studies, driving simulator studies, field research vehicle studies,
and crash studies. The published literature indicated that there was no consistent evidence
showing a safety or distraction effect due to off-premise advertising. However, the review also
enumerated potential limitations in the previous research that may have resulted in the finding of
no distraction effects for off-premise advertising. The study team recommended that additional
research be conducted using instrumented vehicle research methods with eye tracking
technology.

The eyes are constantly moving and they fixate (focus on a specific object or area), perform
saccades (eye movements to change the point of fixation), and engage in pursuit movements
(track moving objects). It is during fixations that we take in detailed information about the
environment. Eye tracking allows one to determine to what degree off-premise advertising may
divert attention away from the forward roadway. A finding that areas containing CEVMS result
in significantly more gazes to the billboards at a cost of not gazing toward the forward roadway
would suggest a potential safety risk. In addition to measuring the degree to which CEVMS may
distract from the forward roadway, an eye tracking device would allow an examination of the
duration of fixations and dwell times (multiple sequential fixations) to CEVMS and standard
billboards. Previous research conducted by the National Highway Traffic Safety Administration
(NHTSA) led to the conclusion that taking your eyes off the road for 2 seconds or more presents
a safety risk. Measuring fixations and dwell times to CEVMS and standard billboards would also
allow a determination as to the degree to which these advertising signs lead to potentially unsafe
gaze behavior.

Most of the literature concerning eye gaze behavior in dynamic environments suggests that task
demands tend to override visual salience (an object that stands out because of its physical
properties) in determining attention allocation. When extended to driving, it would be expected
that visual attention will be directed toward task-relevant areas and objects (e.g., the roadway,
other vehicles, speed limit signs) and that other salient objects, such as billboards, would not
necessarily capture attention. However, driving is a somewhat automatic process and conditions
generally do not require constant, undivided attention. As a result, salient stimuli, such as
CEVMS, might capture driver attention and produce an unwanted increase in driver distraction.
The present study addresses this concern.



This study used an instrumented vehicle with an eye tracking system to measure where drivers
were looking when driving past CEVMS and standard billboards. The CEVMS and standard
billboards were measured with respect to luminance, location, size, and other relevant variables
to characterize these visual stimuli extensively. Unlike previous studies on digital billboards, the
present study examined CEVMS as deployed in two United States cities. These billboards did
not contain dynamic video or other dynamic elements, but changed content approximately every
8 to 10 seconds. The eye tracking system had nearly a 2-degree level of resolution that provided
significantly more accuracy in determining what objects the drivers were looking at compared to
an earlier naturalistic driving study. This study assessed two data collection efforts that employed
the same methodology in two cities.

In each city, the study examined eye glance behavior to four CEVMS, two on arterials and two
on freeways. There were an equal number of signs on the left and right side of the road for
arterials and freeways. The standard billboards were selected for comparison with CEVMS such
that one standard billboard environment matched as closely as possible that of each of the
CEVMS. Two control locations were selected that did not contain off-premise advertising, one
on an arterial and the other on a freeway. This resulted in 10 data collection zones in each city
that were approximately 1,000 feet in length (the distance from the start of the data collection
zone to the point that the CEVMS or standard billboard disappeared from the data collection
video).

In Reading, Pennsylvania, 14 participants drove at night and 17 drove during the day. In
Richmond, Virginia, 10 participants drove at night and 14 drove during the day. Calibration of
the eye tracking system, practice drive, and the data collection drive took approximately 2 hours
per participant to accomplish.

The following is a summary of the study results and conclusions presented in reference to the
three research questions the study aimed to address.

Do CEVMS attract drivers’ attention away from the forward roadway and other driving
relevant stimuli?

e On average, the drivers in this study devoted between 73 and 85 percent of their visual
attention to the road ahead for both CEVMS and standard billboards. This range is
consistent with earlier field research studies. In the present study, the presence of
CEVMS did not appear to be related to a decrease in looking toward the road ahead.

Do glances to CEVMS occur that would suggest a decrease in safety?

o The average fixation duration to CEVMS was 379 ms and to standard billboards it was
335 ms across the two cities. The average fixation durations to CEVMS and standard
billboards were similar to the average fixation duration to the road ahead.

e The longest fixation to a CEVMS was 1,335 ms and to a standard billboard it was
1,284 ms. The current widely accepted threshold for durations of glances away from the
road ahead that result in higher crash risk is 2,000 ms. This value comes from a NHTSA



naturalistic driving study that showed a significant increase in crash odds when glances
away from the road ahead were 2,000 ms or longer.

Four dwell times (aggregate of consecutive fixations to the same object) greater than
2,000 ms were observed across the two studies. Three were to standard billboards and
one was to a CEVMS. The long dwell time to the CEVMS occurred in the daytime to a
billboard viewable from a freeway. Review of the video data for these four long dwell
times showed that the signs were not far from the forward view while participant’s gaze
dwelled on them. Therefore, the drivers still had access to information about what was in
front of them through peripheral vision.

The results did not provide evidence indicating that CEVMS, as deployed and tested in
the two selected cities, were associated with unacceptably long glances away from the
road. When dwell times longer than the currently accepted threshold of 2,000 ms
occurred, the road ahead was still in the driver’s field of view. This was the case for both
CEVMS and standard billboards.

Do drivers look at CEVMS more than at standard billboards?

When comparing the probability of a gaze at a CEVMS versus a standard billboard, the
drivers in this study were generally more likely to gaze at CEVMS than at standard
billboards. However, some variability occurred between the two locations and between
the types of roadway (arterial or freeway).

In Reading, when considering the proportion of time spent looking at billboards, the
participants looked more often at CEVMS than at standard billboards when on arterials
(63 percent to CEVMS and 37 percent to a standard billboard), whereas they looked more
often at standard billboards when on freeways (33 percent to CEVMS and 67 percent to a
standard billboard). In Richmond, the drivers looked at CEVMS more than standard
billboards no matter the type of road they were on, but as in Reading, the preference for
gazing at CEVMS was greater on arterials (68 percent to CEVMS and 32 percent to
standard billboards) than on freeways (55 percent to CEVMS and 45 percent to standard
billboards). When a gaze was to an off-premise advertising sign, the drivers were
generally more likely to gaze at a CEVMS than at a standard billboard.

In Richmond, the drivers showed a preference for gazing at CEVMS versus standard
billboards at night, but in Reading the time of day did not affect gaze behavior. In
Richmond, drivers gazed at CEVMS 71 percent and at standard billboards 29 percent at
night. On the other hand, in the day the drivers gazed at CEVMS 52 percent and at
standard billboards 48 percent.

In Reading, the average gaze dwell time for CEVMS was 981 ms and for standard
billboards it was 1,386 ms. The difference in these average dwell times was not
statistically significant. In contrast, the average dwell times to CEVMS and standard
billboards were significantly different in Richmond (1,096 ms and 674 ms, respectively).



The present data suggest that the drivers in this study directed the majority of their visual
attention to areas of the roadway that were relevant to the task at hand (e.g., the driving task).
Furthermore, it is possible, and likely, that in the time that the drivers looked away from the
forward roadway, they may have elected to glance at other objects in the surrounding
environment (in the absence of billboards) that were not relevant to the driving task. When
billboards were present, the drivers in this study sometimes looked at them, but not such that
overall attention to the forward roadway decreased.

It also should be noted that, like other studies in the available literature, this study adds to the
knowledge base on the issues examined, but does not present definitive answers to the research
questions investigated.



INTRODUCTION

“The primary responsibility of the driver is to operate a motor vehicle safely. The task of driving
requires full attention and focus. Drivers should resist engaging in any activity that takes their
eyes and attention off of the road for more than a couple of seconds. In some circumstances even
a second or two can make all the difference in a driver being able to avoid a crash.” — US

Department of Transportation™

The advent of electronic billboard technologies, in particular the digital Light-Emitting Diode
(LED) billboard, has prompted a reevaluation of regulations for controlling outdoor advertising.
An attractive quality of these LED billboards, which are hereafter referred to as Commercial
Electronic Variable Message Signs (CEVMS), is that advertisements can change almost
instantly. Furthermore, outdoor advertising companies can make these changes from a central
remote office. Of concern is whether or not CEVMS may attract drivers’ attention away from the
primary task (driving) in a way that compromises safety.

The current Federal Highway Administration (FHWA) guidance recommends that CEVMS
should not change content more frequently than once every 8 seconds.’) However, according to
Scenic America, the basis of the safety concern is that the “...distinguishing trait...” of a
CEVMS “... is that it can vary while a driver watches it, in a setting in which that variation is
likely to attract the drivers’ attention away from the roadway.”® This study was conducted to
provide the FHWA with data to determine if CEVMS capture visual attention differently than
standard off-premise advertising billboards.

BACKGROUND

A 2009 review of the literature by Molino et al. for the FHWA failed to find convincing
empirical evidence that CEVMS, as currently implemented, constitutes a safety risk greater than
that of conventional vinyl billboards.”” A great deal of work has been focused in this area, but
the findings of these studies have been mixed.“ A summary of the key past findings is

presented here, but the reader is referred to Molino et al. for a comprehensive review of studies
prior to 2008

Post-Hoc Crash Studies

Post-hoc crash studies use reviews of police traffic collision reports or statistical summaries of
such reports in an effort to understand the causes of crashes that have taken place in the vicinity
of some change to the roadside environment. In the present case, the change of concern is the
introduction of CEVMS to the roadside or the replacement of conventional billboards with
CEVMS.

The literature review conducted by Molino et al. did not find compelling evidence for a
distraction effect attributable to CEVMS.™ The authors concluded that all post-hoc crash studies
are subject to certain weaknesses, most of which are difficult to overcome. For example, the vast
majority of crashes are never reported to police; thus, such studies are likely to underreport
crashes. Also, when crashes are caused by factors such as driver distraction or inattention, the
involved driver may be unwilling or unable to report these factors to a police investigator.



Another weakness is that police, under time pressure, are rarely able to investigate the true root
causes of crashes unless they involve serious injury, death, or extensive property damage.
Furthermore, to have confidence in the results, such studies need to collect comparable data
before and after the change, and, in the after phase, at equivalent but unaffected roadway
sections. Since crashes are infrequent events, data collection needs to span extended periods of
time both before and after introduction of the change. Few studies are able to obtain such
extensive data.

Two recent studies by Tantala and Tantala examined the relationship between the gresence of
CEVMS and crash statistics in Richmond, Virginia, and Reading, Pennsylvania.” For the
Richmond area, 7 years of crash data at 10 locations with CEVMS were included in the analyses.
The study used a before-after methodology where most sites originally contained vinyl billboards
(before) that were converted to CEVMS (after). The quantity of crash data was not the same for
all locations and ranged from 1 year before/after to 3 years before/after. The study employed the
Empirical Bayes (EB) method to analyze the data.® The results indicated that the total number
of crashes observed was consistent with what would be statistically expected with or without the
introduction of CEVMS. The analysis approach for Reading locations was much the same as for
Richmond other than there were 20 rather than 10 CEVMS and 8 years of crash statistics. The
EB method showed results for Reading that were very similar to those of Richmond.

The studies by Tantala and Tantala appear to address many of the concerns from Molino et al.
regarding the weaknesses and issues associated with crash studies.*®”) For example, they
include crash comparisons for locations within multiple distances of each CEVMS to address
concerns about the visual range used in previous analyses. They used EB analysis techniques to
correct for regression-to-mean bias. Also, the EB method would better reflect crash rate changes
due to changes in average daily traffic and the interactions of these with the roadway features
that were coded in the model. The studies followed approaches that are commonly used in post-
hoc crash studies, though the results would have been strengthened by including before-after
results for non-CEVMS locations as a control group.

Field Investigations

Field investigations include unobtrusive observation, naturalistic driving studies, on-road
instrumented vehicle investigations, test track experiments, driver interviews, surveys, and
questionnaires. The following focuses on relevant studies that employed naturalistic driving and
on-road instrumented vehicle research methods.

Lee, McElheny, and Gibbons undertook an on-road instrumented vehicle study on Interstate and
local roads near Cleveland, Ohio.”” The study looked at driver glance behavior in the vicinity of
digital billboards, conventional billboards, comparison sites (sites with buildings and other signs,
including digital signs), and control sites (those without similar signage). The results showed that
there were no differences in the overall glance patterns (percent eyes-on-road and overall number
of glances) between the different sites. Drivers also did not glance more frequently in the
direction of digital billboards than in the direction of other event types (conventional billboards,
comparison events, and baseline events) but drivers did take longer glances in the direction of
digital billboards and comparison sites than in the direction of conventional billboards and
baseline sites. However, the mean glance length toward the digital billboards was less than



1,000 ms. It is important to note that this study employed a video-based approach for examining
drivers’ visual behavior, which has an accuracy of no better than 20 degrees.'” While this
technique is likely to be effective in assessing gross eye movements and looks that are away
from the road ahead, it may not have sufficient resolution to discriminate what specific object the
driver is looking at outside of the vehicle.

Beijer, Smiley, and Eizenman evaluated driver glances toward four different types of roadside
advertising signs on roads in the Toronto, Canada, area.!V The four types of signs were: (a)
billboard signs with static advertisements; (b) billboard advertisements placed on vertical rollers
that could rotate to show one of three advertisements in succession; (c) scrolling text signs with a
minor active component, which usually consisted of a small strip of lights that formed words
scrolling across the screen or, in some cases, a larger area capable of displaying text but not
video; and (d) signs with video images that had a color screen capable of displaying both moving
text and moving images. The study employed an on-road instrumented vehicle with a head-
mounted eye tracking device. The researchers found no significant differences in average glance
duration or the maximum glance duration for the various sign types; however, the number of
glances was significantly lower for billboard signs than for the roller bar, scrolling text, and
video signs.

Smiley, Smahel, and Eizenman conducted a field driving study that employed an eye tracking
system that recorded drivers’ eye movements as participants drove past video signs located at
three downtown intersections and along an urban expressway."'” The study route included static
billboards and video advertising. The results of the study showed that on average 76 percent of
glances were to the road ahead. Glances at advertising, including static billboards and video
signs, constituted 1.2 percent of total glances. The mean glance durations for advertising signs
were between 500 ms and 750 ms, although there were a few glances of about 1,400 ms in
duration. Video signs were not more likely than static commercial signs to be looked at when
headways were short; in fact, the reverse was the case. Furthermore, the number of glances per
individual video sign was small, and statistically significant differences in looking behavior were
not found.

Kettwich, Kartsen, Klinger, and Lemmer conducted a field study where drivers’ gaze behavior
was measured with an eye tracking system.'® Sixteen participants drove an 11.5 mile (18.5 km)
route comprised of highways, arterial roads, main roads, and one-way streets in Karlsruhe,
Germany. The route contained advertising pillars, event posters, company logos, and video
screens. Mean gaze duration for the four types of advertising was computed for periods when the
vehicle was in motion and when it was stopped. Gaze duration while driving for all types of
advertisements was under 1,000 ms. On the other hand, while the vehicle was stopped, the mean
gaze duration for video screen advertisements was 2,750 ms. The study showed a significant
difference between gaze duration while driving and while stationary: gaze duration was affected
by the task at hand. That is, drivers tended to gaze longer while the car was stopped and there
were few driving task demands.

The previously mentioned studies estimated the duration of glances to advertising and computed
mean values of less than 1,000 ms. Klauer et al., in his analysis of the 100-Car Naturalistic
Driving Study, concluded that glances away from the roadway for any purpose lasting more than
2,000 ms increase near-crash/crash risk by at least two times that of normal, baseline driving.!'¥



Klauer et al. also indicated that short, brief glances away from the forward roadway for the
purpose of scanning the driving environment are safe and actually decrease near-crash/crash
risk.""? Using devices in a vehicle that draw visual attention away from the forward roadway for
more than 2,000 ms (e.g., texting) is incompatible with safe driving. However, for external
stimuli, especially those near the roadway, the evaluation of eye glances with respect to safety is
less clear since peripheral vision would allow the driver to still have visual access to the forward
roadway.

Laboratory Studies

Laboratory investigations related to roadway safety can be classified into several categories:
driving simulations, non-driving-simulator laboratory testing, and focus groups. The review of
relevant laboratory studies by Molino et al. did not show conclusive evidence regarding the
distracting effects of CEVMS." Moreover, the authors concluded that present driving simulators
do not have sufficient visual dynamic range, image resolution, and contrast ratio capability to
produce the compelling visual effect of a bright, photo-realistic LED-based CEVMS against a
natural background scene. The following is a discussion of a driving simulator study conducted
after the publication of Molino et al." The study focused on the effects of advertising on driver
visual behavior.

Chattington, Reed, Basacik, Flint, and Parkes conducted a driving simulator study in the United
Kingdom (UK) to evaluate the effects of static and video advertising on driver glance
behavior.""> The researchers examined the effects of advertisement position relative to the road
(left, right, center on an overhead gantry, and in all three locations simultaneously), type of
advertisement (static or video), and exposure duration of the advertisement. (The paper does not
provide these durations in terms of time or distance. The exposure duration had to do with the
amount of time or distance that the sign would be visible to the driver.) For the advertisements
presented on the left side of the road (recall that drivers travel in the left lane in the UK), mean
glance durations for static and video advertisements were significantly longer (approximately
650 to 750 ms) when drivers experienced long advertisement exposure as opposed to medium
and short exposures. Drivers looked more at video advertisements (about 2 percent on average of
the total duration recorded) than at static advertisements (about 0.75 percent on average). In
addition, the location of the advertisements had an effect on glance behavior. When
advertisements were located in the center of the road or in all three positions simultaneously, the
glance durations were about 1,000 ms and were significantly longer than for signs placed on the
right or left side of the road. For advertisements placed on the left side of the road, there was a
significant difference in glance duration between static (about 400 ms) and video (about 800 ms).
Advertisement position also had an effect on the proportion of time that a driver spent looking at
an advertisement. The percentage of time looking at advertisements was greatest when signs
were placed in all three locations, followed by center location signs, then the left location signs,
and finally the right location signs. Drivers looked more at the video advertisements relative to
the static advertisements when they were placed in all three locations, placed on the left, and
placed on the right side of the road. The center placement did not show a significant difference in
percent of time spent looking between static and video.
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EXECUTIVE SUMMARY

The use of digital on-premise signs, which are typically business-related signs that have the
ability to change the displayed message, has increased significantly in recent years. On-premise
digital signs are located on the same property as the businesses they promote, and some part —
or a significant part in some cases — of the sign contains a digital display that can be
programmed to change the message at pre-set intervals. Because the use of these signs has
increased, jurisdictions have used local sign codes or ordinances to regulate the manner in which
digital messages are displayed. Jurisdictions typically justify these regulations by citing traffic
safety impacts. However, no comprehensive and scientifically based research efforts have
evaluated the relationship between on-premise digital signs and traffic safety.

In this study, researchers collected large amounts of sign and crash data in order to conduct a
robust statistical analysis of the safety impacts of on-premise digital signs. The statistical tools
used the latest safety analysis theory developed for analyzing the impacts of highway safety
improvements. The research team acquired the crash data from the Highway Safety Information
System, which is a comprehensive database of crash records from several states. One of the
advantages of these data is that they also include information about roadway characteristics, such
as the number of lanes, speed limit, and other factors. The research team then acquired
information about the location of on-premise digital signs from two sign manufacturing
companies. Through significant effort by the researchers, these two datasets were merged into a
single dataset that represented potential study locations in California, North Carolina, Ohio, and
Washington. Of the initial set of over 3,000 possible sites, the research team was able to identify
135 sign locations that could be used for the safety analysis. Potential sites were eliminated from
consideration due to any of the following factors:

e The sign location was not on a roadway that was included in the crash dataset; only major
roads were represented in the crash data.

e The sign location provided by a sign manufacturing company could not be verified
through online digital images of the location.

e Only signs installed in calendar years 2006 or 2007 could be included in order to have
adequate amounts of crash data before and after the sign was installed.

The research team then used the empirical Bayes method to perform a before-after statistical
analysis of the safety impacts of the on-premise digital signs. In a before-after study, the safety
impact of a treatment (in this case, the installation of an on-premise digital sign) is defined by the
change in crashes between the periods before and after the treatment was installed. However,
simply comparing the crash frequencies (known as a naive before-after analysis) is not adequate
to account for factors such as regression to the mean (a statistical concept that explains why after
data can be closer to the mean value than the before data) and to provide a means of controlling
for external factors that can also cause a difference in crash frequencies. The empirical Bayes
method represents the recommended procedure for evaluating the impacts of safety treatments
because it overcomes the deficiencies of the naive method. The safety impacts are represented by
the safety index, which is indicated by the symbol 6. In simple terms, the safety index represents
a ratio of safety in the after period compared to safety in the before period, although it is not as

vii



simple as dividing the crashes in the after period by the crashes in the before period. A safety
index greater than 1.0 indicates an increase in crashes in the after period, and a value less than
1.0 indicates a reduction in crashes in the after period. However, because of the variability in the
crash data, the analysis must have statistical validity. Statistical variability is established by
defining the 95 percent confidence interval for the safety index, which is based on factors such as
sample size and the variability of the data. If the 95 percent confidence interval includes the
value of 1.0, then there is a 95 percent chance that there is no statistically significant change in
crashes between the before and after periods.

The results of the statistical analysis are presented in Figure 1. This figure shows that the safety
index for all of the states was 1.0 with a 95 percent confidence interval that ranged from 0.93 to
1.07. This indicates that, for the 135 sites included in the analysis, there was no statistically
significant change in crashes due to the installation of on-premise digital signs. The same can
also be said about the results for each of the four states on an individual basis because the
confidence interval for safety index for each state includes 1.0. The larger confidence intervals
for some of the states are due to greater variability in the data and/or smaller sample sizes. The
researchers also analyzed single-vehicle and multi-vehicle crashes and found the same result of
no statistically significant change in crashes. Finally, the researchers performed an analysis of
variance for the sign factors of color, size, and type of business and found no statistically
significant differences in the mean safety index values for individual factors.
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Figure 1. Summary of study results
The results of this study provide scientifically based data that indicate that the installation of

digital on-premise signs does not lead to a statistically significant increase in crashes on major
roads.
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