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Executive Summary 

This study sought to evaluate a new motion detection technology designed to 
reduce the incidence of vehicle/deer collisions on Minnesota highways.  A prototype 
detection device was placed adjacent to highways and connected to a standard sign with a 
beacon light attached to the top, which flashed when deer presence was detected.  The 
central research question was to determine whether these new flashing signs modified 
driver behavior such that they slowed down.  Participants were recruited from the 
University of Minnesota and the community at large, forming two experimental groups of 
younger and older drivers distributed for both gender and driving experience (city vs. 
rural).  The participants were asked to drive a course simulating the actual location of the 
new motion detection technology located on a stretch of U.S. Highway 23 near Marshall, 
Minnesota.  During the simulation, test subjects were presented with standard signage, 
the new signage without the beacon flashing, the new signage with beacon flashing, and 
clusters of the new signage with beacon flashing located on both sides of the highway.  
The speed limit was posted at 55 miles per hour.  Data were recorded for changes in 
speed, along with in-vehicle video analysis of the direction of the driver gaze, referred to 
in the report as scanning behavior.  The actual driving time in simulation was 
approximately 30 minutes.  Real-time data was collected for the entire session for 
purposes of analysis.  The majority of drivers fixated on the road ahead and exhibited 
very little scanning behavior to either look for deer or to continue to search for deer in the 
surrounding environment, even though all drivers were presented with visual information 
suggesting that deer were present.   

 
In terms of actual response to the signs, there was a significant response to the 

enhanced signage when it was flashing.  This is reported as significant evidence in the 
analysis, and suggests that there is a mathematically reliable speed reduction within a 500 
ft. approach to the enhanced flashing sign.  The distance of 500 ft. from either side of the 
sign was chosen as the window of analysis in order to determine the impact of signage on 
vehicle velocity and driver behavior.  The general conclusions were that the flashing sign 
did appear to reduce driver speed and that there were no discernable effects regarding the 
age of participants (the young group averaged 24 years of age and the older group 69 
years of age).  There were no noticeable gender effects (females N=25, male N=27) or 
differences due to driver experience, whether primarily city or primarily rural.  Finally, 
there was no impact regarding the time of day during which the test occurred (daylight or 
dusk).  In summary, we found that the VE simulation was sufficient to motivate drivers to 
perform as they would in the real world, with little atypical behavior due to the conditions 
of the testing protocol.  Relative to the signage types, there was an overall decrease 
among the study participants driving speed in the proximity of the active enhanced 
signage.  We recorded a decrease in the variability between each successive exposure to 
the active sign condition.  A greater overall average speed and variance was demonstrated 
with the standard signage.  The enhanced signage in the "off" position produced speeds 
that where essentially the same as the standard sign condition. 



 

 
Overall, it would seem that the novel stimulus of a warning light flashing in the 

presence of deer along the highway does play a role in reducing road speed.  Our data 
suggests that these results are a direct consequence of the flashing beacon and are not 
related to any of the characteristics of the participants in the study.  

As an initial foray into experimentally determining the impact of new technology 
to address the problem of vehicle/deer collisions in the United States, it would be of 
interest to investigate further whether or not the presentation of deer in the simulated 
display would catch the attention of drivers such that if the deer appeared in the display 
concomitant with the presence of a sign, would this further increase driver awareness 
levels?  In other words, while drivers did not appear to reduce their speed, is their level of 
attention and awareness of the potential presence of deer enhanced?   

 
The vast majority of the literature relative to vehicle/deer collisions suggests that 

controlling deer is extremely difficult.  The central challenge in employing enhanced 
technology to make drivers aware of the presence of deer will focus primarily on a 
human-centered approach, and on determining whether the awareness of drivers is 
sustained (or declines rapidly) if there are no other prompts to remind them that a 
particular area of highway is notorious for the presence of deer. 
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Chapter 1 
Introduction 

Each year in Minnesota alone there are about 5,500 reported deer/vehicle collisions, and 
about twice as many unreported, according to DNR data. These collisions result in personal 
injuries, costly vehicle damage, loss of wildlife, and three to five human deaths per year. Both 
traffic and deer volumes are increasing.  In a non- injury crash, the estimated average vehicle 
damage is over $2,000.  Although much of the damage incurred in deer-car collisions is from the 
collision itself, a substantial amount of damage results from evasive actions (Minnesota 
Department of Transportation News Release, June 12, 2001, and Underwood, G., Crundall, D., 
& Chapman, P., 1997).  Drivers try to avoid hitting the deer and end up in a ditch or in an 
accident with another vehicle.  With a vast network of roadways throughout the state, deer 
collisions are of concern to Minnesotans. 

 
A variety of control methods have been developed in an attempt to reduce the number of 

collisions between deer and cars.  Most of these devices are aimed at altering the behavior of the 
deer, in an attempt to keep them away from the roads. 

 
Roadside reflectors redirect the light from headlights at a right angle to the road to create 

a red beam alongside the road.  They are supposed to produce an optical fence, which will cause 
deer to stay away from the road when a car is present.  The lenses are placed at regular intervals 
along the roadway to produce a constant beam.  The reflectors are not effective during daylight 
hours, fog, or snow.  They also must be continuously maintained, otherwise one reflector may 
not function and create a gap in the beam, through which deer may cross onto the road.  Deer 
proof fences are one method that has proven effective.  The fences physically constrain the deer 
from accessing the roadway.  They are generally eight feet tall and run along the side of the road.  
However, fences cannot be placed along an entire roadway due to accessibility and cost 
restrictions.  Where there is a gap in the fence, deer will pass through, and instead of preventing 
deer from crossing the roadway the locations of deer crossings are simply relocated.  Installation 
of the fencing has a high initial cost, and the fences must be maintained in order to preserve their 
usefulness.  An additional aspect of fencing is determining effective placement.  In conjunction 
with fences, some locations install under or overpasses at gaps in the fence to direct the deer 
crossing away from traffic. 

 
Varieties of sound emitting devices that can be mounted to the front of vehicles have 

been developed and are being sold commercially.  These whistles produce a high-pitched siren 
when the car is in motion, many of which are air activated at speeds greater than 35 m.p.h..  The 
intended purpose of these whistles is to alert animals in the area of your presence, hopefully 
stunning them into stillness.  However, the sound produced is at a frequency that some claim is 
not within the hearing range of deer.  In addition, the whistles only produce a weak sound, which 
is often barely audible above the noise of the car itself. 

 
The intended purpose of many technologies is to change the behavior of the deer, when in 

reality it is unknown how the deer will react to the device.  Deer are wild animals and their 
actions cannot be predicted nor controlled.  Instead, it may be prudent to focus on how we can 
better influence humans (the driver).  
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Human-centered efforts in regards to accident prevention focus upon public awareness 
and warning signs as well as active signage.  Simply making drivers aware of the potential for 
danger may increase their level of caution and alertness while driving.  However, current deer 
crossing signs do not seem to have an impact on driving behavior, unless reinforced by personal 
experience.  Most people become immune to the signs, and these warnings become part of the 
scenery.  In order to rectify this, active signage systems have been developed to gain driver 
attention in situations involving deer presence. 

 
Washington State implemented a set of signs for research.  The system consists of two 

lasers, one on each side of the road, and two deer crossing signs.  An additional sign that reads 
"when flashing" has been added as well as solar powered strobes on top of the sign.  When the 
line of the laser is broken it sets off the strobe light to notify drivers of the presence of an animal.  
The battery life of the laser is only one week, thus the system must be maintained regularly, 
introducing sys tem operating cost.  In addition, line of sight posed a problem. Sunlight distorted 
the laser and even lead to false activations.  These obstacles, as well as theft of various parts of 
the equipment, make these systems problematic (Washington State Department of Transportation 
News Release, October 23, 2002). 

 
Other states have researched the use of active deer warning signs, with minor alterations 

to the apparatus.  A new system similar to those implemented and researched around the country 
was developed and is currently being tested in Minnesota.  Trial signs have been set up along 
Highway 23 near Marshall, in southern Minnesota.  However, rather than engage in extensive 
field research, the Minnesota Department of Transportation collaborated with the Unive rsity of 
Minnesota to research the effectiveness of the new active signage via simulation.  The study 
compared drivers’ reactions to conventional and active deer warning signage. 

 
This new system comprises an infrared (IR) beam set up along a 650 foot stretch of the 

highway, set back off the road 60 feet.  The beam is three feet off the ground in order to avoid 
false activations by smaller animals.  When the beam is broken it activates a flashing light on top 
of the deer crossing signs at each end of the 650 foot stretch.  Drivers are notified of what the 
light means by an additional indicator on the deer crossing sign that states "when flashing".  The 
lights flash for a predetermined period of time before turning off again.  
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Chapter 2 
Methods 

Participants 

The sample population comprised 52 volunteer participants.  The group consisted of 40 
individuals with a mean age of 24 years, and 12 with a mean age of 69 years.  Of the entire 
group, 27 were male and 25 were female; 35 considered themselves "city drivers" and 17 "rural 
drivers." Demographic data was recorded on the group relative to driving experience and their 
familiarity with simulation. 
 
Environment design: The Real World (RW) 

The simulated environment used for the Deer Avoidance project was modeled after an 
existing highway where the active signage is currently under assessment located near Marshall 
Minnesota (Fig. 2.1). 

 
Approximate 
START 

Approximate 
STOP 

 

Figure 2.1 – Actual road used for VE layout 

 
The road conditions and signage presented in the simulation trials are illustrated in 

Figures 2.2 and 2.4. 
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Figure 2.2 – Enhanced signage 

 
Other RW components such as traffic and fauna were also present and will be discussed 

later. 
 

Environment design: The Virtual Environment (VE)  
 
VE Systems Specifications 

The Virtual Environment for Surface Transportation Research (VESTR) is an immersive 
driving simulator.  VESTR operates with a 2002 Saturn SC2 full vehicle cab donated by Saturn 
with controls and instrumentation including force feedback on the steering and power assist feel 
for the brakes.   The visual scene was projected to a high-resolution five-channel 210-degree 
forward field of view (Figure 2.3) with rear and side mirror views provided by a rear screen and 
LCD panels. The software can generate any type of road environment, including precise 
reproductions of geo-specific locations, as was done with the Marshall, Minnesota region. 
Auditory and haptic feedback was provided by a 3D surround sound system, car body vibration, 
and a three-axis electric motion system (roll, pitch, Z-axis).  These systems generated natural 
sound and motion cues to increase the perceived realism of the simulation.   
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Figure 2.3 – Field of view of simulator auto 

 

  

Figure 2.4 – VE State Highway 23 and RW State Highway 23 

 

The similarities of the VE design (i.e. foliage, lighting, etc.) to the RW are demonstrated 
in figure 2.4. The VE totaled about 27 miles of road. There were no intersections with the 
highway. A deer was presented at the beginning of the trial and was located off-road and to the 
right near to the “tree line”. This was done to indicate the potential presence of fauna. There 
were no deer present elsewhere in the VE. This was avoided in order to not produce a “game-
like” environment with an abnormally high level of anticipation or perception of threat. Traffic 
was present in the environment. It consisted of a mix of vehicles and the occasional motorcycle.  
The traffic was predominantly present in the oncoming lane. 

 
Signage 

All deer signage was placed in the straight segments of the highway (see Fig. 2.1) as to 
rule out the effect on road speed, which might be produced by curves in the highway. All other 
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non-deer related signage was randomly dispersed as to obscure the intent of the study. The VE 
was comprised of four basic scenarios with each condition (normal, enhanced-on, enhanced-off) 
repeated three times. The fourth scenario was a cluster of enhanced signage in the on state. We 
will discuss this later. Each condition stood alone within approximately 2-3 mile stretches in 
order to allow for complacency and temporal isolation from one another. 

 

 

Figure 2.5 – Approximation of VE enhanced signage w/ rotating flasher (1Hz) 

Enhanced signage has both an active and inactive state. The signage conditions were: 
 

1. Active Warning (sign w/ flashers, flashing) (Fig. 2.5) 
2. Inactive Warning (sign w/ flashers, not flashing) (Fig. 2.5) 
3. Standard deer signage (Similar to Fig. 2.5 without the beacon) 
4. Typical road signage mixed and interspersed between sign conditions 1, 2 & 3  

(as appropriate for VE road conditions). 
 

The first three conditions were considered to be the actual independent variables with the 
mixed signage (number 4) viewed as baseline. The enhanced signage (Condition 1) was also 
presented in a modified condition where the signs were presented as a cluster of several signs 
650 feet apart as presented in the RW. This was not done with the other conditions (signage) 
since this would appear somewhat abnormal. 

 
These conditions were presented under two simulated environment lighting conditions; 

1. day 
2. half- light (dusk/dawn) 

 
Participants were randomly assigned to one of the environmental conditions. 
 

Protocol 

Upon arrival at the laboratory the participants were given a consent form and brief 
questionnaire to complete (Appendix A). The questionnaire was primarily demographic data 
(age, gender, rural vs. city driver, etc.) and addressed any medication or visual issues. The bulk 
of the questions served simply to obscure the purpose of the study. The participant then 
proceeded to the VE vehicle under the instructions of simply driving as normally as possible. 
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The trial took about 30 minutes depending on driving speed. After completing the trial the 
participants completed a brief post-test questionnaire addressing their experience (i.e. realism, 
expectations, comfort) and an open ended “describe anything else you’d like” type question. 
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Chapter 3 
Results and Discussion 

Results 

Demographics 

The sample population consisted of 52 volunteers (N=52) but in certain trial conditions 
some of the participant data was not used. For example, one subject had an average road speed of 
about 12-15 m.p.h. and another thought that 100+ m.p.h. was appropriate (a devoted video game 
player). These results were omitted from the analysis. This group was subdivided into several 
subgroups for analysis; young/old (N=40/12), male/female (N= 27/25), and city/rural (N=35/17).  
The overall mean age was 27 years. The mean age for the “young” group was 24 years and the 
mean age for the “older” (60+ years) group was 69 years.  The sample population was derived 
primarily from University of Minnesota volunteer students and retirees. 

 
Scanning behaviors 

Video of the participants scanning behavior was analyzed for any decrease or increase in 
scan levels. Scoring was done in the regions approaching and soon after the locations of the deer 
warning signage. Scoring was done using an abbreviated Likert scale (1-2-3) with a score of two 
as the midpoint. A score of one (1) indicated a decrease in scanning level (Table 3.1), which 
would include actions such as looking down for an extended time period at the instrument 
cluster, or other distractions. A score of two (2) would indicate normal forward- looking driving 
behavior with some glancing about. A score of three (3) would indicate increased vigilance by 
the driver indicative of scanning the roadsides or an increased focus on extravehicular objects 
(signage, deer, trees, etc.).  Out of a group of forty-seven participants (N=47) the scores were 
surprisingly consistent with only eight (8) recorded incidences of increased scanning out of 517 
(11x47) scores. The group average scanning scores of are presented in Table 3.1.  

 
Table 3.1 – Average scanning level of participants for sign condition exposure  

 
Signage Type  Average Score  
Normal Signage 2.0 
Enhanced signage (off) 2.0 
Enhanced signage (flashing) 2.1 
Enhanced signage (flashing) 2.0 
Normal signage 2.1 
Enhanced signage (off) 2.0 
Enhanced signage cluster (flashing) 2.1 
Enhanced signage (off) 2.0 
Enhanced signage (flashing) 2.0 
Normal signage 2.0 
Enhanced signage cluster (off) 2.1 
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Notation was made from the video analysis as to any external influences which may have 
played a role in changes in scanning behavior. Of the 8 noted increases in scanning behavior, six 
were due to attempts at passing a virtual vehicle in front of the test car, one was due to a noisy 
distraction outside the simulator and another incident which was not identified.  No difference 
was found based on experience level (age).  

 

 

 

 

 

 

Figure 3.1 illustrates the mean performance measures in response to the signage 
conditions. As can be seen, the enhanced signage in the “on” condition (flashing) produced the 
lowest mean speeds and variability in both the single sign and sign cluster configuration.  

 
Figure 3.1 presents a graphic of the drivers’ behavior throughout the experiment.  At the 

bottom of the Figure 3.1, data showing the overall average and variability of speed scores for 
each of the four conditions tested are presented.  The enhanced-on condition (beacon flashing) 
produced the lowest mean speed (59.55) and a lower (but not the lowest) variability score (4.66).  
The enhanced cluster-on produced an average speed of 61.03 m.p.h., compared with 59.55 m.p.h. 
for the enhanced-on sign, but the variability was slightly less in the cluster condition (3.75 vs. 
4.66).  

 
  

Population means for each exposure of each sign 
condition  

64.00 

Series 1 

Standard 

R
oa

d 
sp

ee
d 

in
 m

.p
.h

. 

Baseline for 
entire course  

62.80 

Enhanced-off Enhanced-on 

Series 2 

Series 3 
mean (SD) 

61.63 

60.59 

63.41 

61.87 (5.16) 

61.38 

61.62 

62.41 

61.80 (4.80) 

59.66 

59.27 

59.71 

59.55 (4.66) 61.03 (3.75) 

61.28 

60.78 

Enhanced Cluster-on 

63.38 

62.76 

62.13 

61.52 

60.90 

60.28 

59.65 

59.03 

58.41 

Figure 3.1 – Mean and standard deviations (SD) of road speed for  
signage condition.* 

*See Appendix C for complete data 
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The average speed for the standard signage across the series was 61.78 m.p.h., which is 
essentially the same as the enhanced-off signage (beacon not flashing).  For the enhanced 
cluster-on condition (four signs with flashing beacons), the speed was a little more than 61 
m.p.h. The only condition producing a significant reduction in speed was the enhanced-on 
signage. Analysis of variance testing the overall effects of the four signage conditions produced a 
significantly lower speed for the enhanced-on signage (F3,7=4.15, P<.05). See Appendix C for 
complete analysis. 

 
Even though the range of scores across the four sign conditions was only 2.25 m.p.h., the 

slowest recorded average driving speed was in the enhanced-on condition, and the fastest 
average driving speed was in the enhanced-off position. A difference of 2.25 m.p.h. was 
sufficient to make that the difference mathematically reliable.  There were no reliable differences 
between the speeds recorded for the normal signage condition compared to either enhanced-off 
or enhanced cluster-on conditions, although the two slowest conditions were the enhanced-on 
and the enhanced cluster-on. Standard signage produced the highest va riability of driver speeds. 
All enhanced signage conditions reduced speed variation.  

 
On-road performance 

Comparisons between the characteristics of the participant group were unremarkable.  
Age, gender, driving experience, and time of day were of no real consequence, and when 
subjected to statistical analysis revealed no significant differences.  

 
Discussion 

Scanning behaviors 

Eye movements are generally accepted to be governed by attention (Underwood G, 
Crundall D, Chapman P. 1997). The surprisingly cons istent scanning behaviors exhibited expose 
a potential weakness in using eye-tracking as an indicator of level of attention or complacency. 

 
It is a separate issue to determine where one is looking versus on what one is focusing.  

Simply because one’s eyes are directed at point A, there is no indication from this as to whether 
point A is the focus of attention. 

 
The road speed of the trials was posted at 55 m.p.h. with a moderate mix of traffic. This 

combination of attentional load has been associated with an effect referred to “tunnel vision” 
(Bartmann, Spikers and Hess, 1991) and may explain the results of this study.  Bartmann, 
Spikers, and Hess (1991) reported;   

 
“..An additional variable that affected perceptual behavior was traffic load.  It was 
observed that as speed increased the driver fixated driving task relevant objects more 
often.  On the basis of the results it is argued that the often-postulated "tunnel vision" 
effect of driving speed should be regarded as a consequence of focal attention to driving 
task relevant objects.” 
 
Numerous studies have referenced variations on this effect. They have ranged from 

attentional loads based on cell phone conversations to general traffic attention levels. Due to the 
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nature of this study we feel that this goes a long way to explaining the absence of any real 
variation in scanning behaviors relative to perceived threat/complacency levels.  This leaves us 
with performance measures such as road speed or anticipatory movement (i.e. hovering over the 
brake) as indicators of perceived threat. 

 
An increase in foveal demand tends to decrease extra-foveal attention, yet this does not 

vary with either experience or eccentricity (Crundall D, Underwood G, 1998; Crundall D, 
Underwood G, Chapman P, 1998; Crundall D, Underwood G, Chapman P, 1999).  

 
Though there is some evidence equating lateral scanning increase with experience (Ball 

KK, Beard BL, Roenker DL, Miller RL, Griggs DS, 1988), no increase was noted in our “older” 
population. Once again this is possibly due to the increased task load associated with being in a 
virtual environment and an unfamiliar vehicle. 

 
On-road performance 

On-road performance by most participants appeared to be “normal” by observed 
behaviors (Table 3.1). One participant immediately treated the trials as a game-like experience 
which was evident by his accelerating to almost 110 m.p.h. and continuing at similar speeds 
throughout the trial. He commented “It’s not real, is it? I knew I couldn’t get hurt.” This is an 
issue in virtual situations. The data were not used. At the other end of the spectrum, an older 
participant rarely exceeded 20 m.p.h. and exhibited other strange behaviors which led us to 
believe it to be unlikely that he was still driving.  His data was also not used. 

 
On the whole, participants indicated a general agreement that the simulated experience 

felt very normal and that traffic interactions were on par with the real world. When asked about 
the test itself only one person out of 47 guessed correctly that they were aware of the purpose of 
the study. This individual failed to detect the deer at the start of the trial, however, of the 47 
subjects asked, 29 recalled that there was a deer at the start of the trial but made no real note of 
it.   

 
Road speeds were, as one might expect in the real world, at an average speed in excess of 

the posted speed by 5-10 m.p.h. As indicated in Figure 3.1, driving speed was more variable for 
the normal signage condition.  The average decrease in road speed is also evident. It should be 
noted however that this equates to only a small decrease in speed with the enhanced signage 
(2.25 m.p.h.). This could still be a critical factor in an accident scenario requiring a rapid 
response.  An observed oddity in Figure 3.1 is the small increase in the road speed in the 
clustered sign condition (59.55 vs. 61.03).  This is only a 1.48 m.p.h. difference and could 
possibly be due to the fact that it occurred near the end of the trial and was a result of impatience. 
It may also be that the sequence produces a “safe zone” effect without the actual visible presence 
of the deer. 

 
The lack of significant differences in the population between the groups may not be all 

that surprising due to the inherent contrived nature of the simulation.  The daytime condition vs. 
the dawn/dusk condition possibly lacked the level of contrast needed to promote an increased 
awareness of the signage.  The city/rural condition might have been an issue of “how” rural. 
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Living near the Twin Cities and yet still being classified (self-classified) as rural may be a bit 
ambiguous. The exposure to deer may still vary widely. 

 
With alpha set at .05 (a five percent probability of our results being due to chance) it may 

well be that under real world conditions (and hence RW threats) the enhanced signage might 
produce a stronger response as measured by road speed.  In simulation, our effects may possibly 
be conservative. 
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Chapter 4 
Conclusions and Future Considerations 

Conclusions 

The central objective of this project was to test, via simulation, new deer avo idance 
signage as a possible improvement aimed at reducing auto/animal collisions.  The new 
(enhanced) sign technology was tested in three configurations and compared to the standard deer 
signage currently in use.  The new signage incorporated a flashing beacon triggered by the 
presence of deer.  We compared the standard signage to the new signage with three variations: 
flashing beacon “off”, flashing beacon “on”, and a cluster of four signs with the flashing beacon 
on.  We simulated a section of highway in southern Minnesota where the new signage is in use.  
The simulation took into account the general layout of the highway, the length of the highway, 
and the essential landscape.  Our conclusions are as follows: 
 

1. There were no reliable differences in the characteristics of the participants in the study.  
Namely, there were no age differences between the young group (averaging 24 years of 
age) and the older group (averaging 69 years of age). There were no differences between 
males and females, and no differences regarding whether their driving experience had 
been primarily city or rural.  Time of day (daylight or reduced visibility) also provided no 
reliable differences. 
 

2. The standard signage currently in use recorded the highest average road speed and 
highest variability.  The average road speed for the standard signage during the 
experiment was 61.87 m.p.h., with a standard deviation of ± 5.16 m.p.h.  This was 
essentially the same as the results for the enhanced signage with the beacon not flashing, 
although the variability of the road speed was slightly less (mean speed = 61.8 m.p.h., 
standard deviation was ± 4.8 m.p.h.). 
 

3. The enhanced signage with the beacon flashing (indicating the presence of deer) recorded 
the lowest road speed for the participating drive rs.  This average speed was 59.55 m.p.h., 
which was significantly lower than with either the standard signage or the enhanced 
signage without the beacon flashing.  The absolute difference was 2.25 m.p.h. 
(approximately 3.3 ft/sec).  Our results suggest tha t even a modest speed reduction of 
2.25 m.p.h., although statistically significant, perhaps does not seem large in the “real 
world”, but in terms of approaching an area where deer are present it does provide added 
time to respond to a possible auto/animal collision. For example, at a speed of 60 m.p.h. 
(88 ft/sec) a reduction of 2.5 m.p.h. down to 57.5 m.p.h. (84.3 ft/sec) would provide an 
alert driver with added time to react to a possible collision incident.  
 

4. Scanning behaviors of drivers recorded by the in-car video system were unremarkable 
(see Table 3.1).  All drivers fixated on the road ahead with minimal active scanning.  This 
result is in agreement with past research that suggests "eye movements are generally 
accepted to be governed by attention" (Underwood and Everatt, 1992).  These results are 
further supported by other research (Chapman, P.R., Underwood, G., 1998; Crundall D, 
Underwood G, Chapman P, 1998).  Whereas the task loads of the RW and VE 
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environments are different, the demand characteristics are likely more similar than 
dissimilar.  The perceived threat of oncoming traffic is not high in either condition.  As 
drivers, we tend to generally ignore oncoming traffic in a RW environment unless it 
exhibits unusual behavior (e.g. swerving etc.). Also, in keeping with RW behaviors there 
was little scanning involved in the driving task when the environment contains little 
external stimuli (walls of trees, open fields, etc.).   
 
In summary, we found that the VE simulation was sufficient to motivate drivers to 

perform as they would in the real world with little atypical behavior due to the conditions of the 
testing protocol.  Relative to the signage types, there was an overall decrease among the study 
participants’ driving speed in the proximity of the active enhanced signage.  We recorded a 
decrease in the variability between each successive exposure to the active sign condition.  A 
greater overall average speed and variance was demonstrated with the standard signage. The 
enhanced signage in the "off" position produced speeds that were essentially the same as the 
standard sign condition.   
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Future Considerations 

Overall, it would seem that the novel stimulus of a warning light flashing in the presence 
of deer along the highway does play a role in reduc ing road speed.  Our data suggests that these 
results are a direct consequence of the flashing beacon and are not related to any of the 
characteristics of the participants in the study. 

 
It would be of interest to modify the conditions of the trial to include deer in flashing 

areas in a marginally conspicuous manner, such as presenting a deer carcass on the roadside. Our 
study presented deer in the more normal manner, that is, there’s a sign for deer but no deer 
present.  It would be interesting to get feedback from participants as to whether or not they saw 
the deer.  This would be indicative perhaps of increased awareness levels regardless of the driver 
actually taking action by slowing. 

 
From almost all the literature, controlling the deer is challenging. To focus on the 

driver/road system seems a more rational approach.  If the RW trials of the system prove to be 
effective over time, then this would support a driver centered approach for any number of future 
human-centered strategies. 

 
If further research is contemplated, we recommend the following be incorporated in a 

simulated roadway display:   
 

a. Deer carcass displayed on roadside to reinforce the presence of deer in the area.  

b. Redesign deer signage to incorporate LED’s around the perimeter of the sign to signal 
deer presence as an alternative to a “flashing” warning light (Figure 4.1) 

 

 

 Figure 4.1 – Deer signage with LED’s 
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Appendix A 
 

[Pre/Post test questionnaire]  
 



 A-2

University of Minnesota Human Factors Driving Simulation Study 

Pre-test Survey/Questionnaire 
As stated in your instructions, all data are confidential. 

Q1. 

Name  

 

Age  

 

Gender M     /      F 

Phone Number  

 

 

Q2. Do you currently have a valid driver’s license?     (Circle one.)  

1. Yes         

2. No 

Q3. Years driving experience (likely to be age-16=_). Number of years ___________. 

Q4.  Do you have any visual impairments? 

1. Yes     If Yes please describe.-___________________________________       

2. No  

Q5. Are you currently taking any medications? 

1. Yes     If Yes please describe.-____________________________________        

2. No 
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 Q6. Have you experienced dizziness in the past (whether driving or not) (circle one.)  

Yes     No (If you answered yes, what caused the dizziness?) 

a. 5 years?         1         2       ________________________________________ 

                        b. 1 year?          1         2       ________________________________________ 

            c. 6 months?      1         2      ________________________________________         

Q7.                                                                    

 

Do you experience nausea in any of 
the following situations? 

 

 

YES 

 

 

NO 

 

If YES describe situation 

 (where, how often, etc.). 

 

Driving a car. 

 

1 

 

2 

 

 

 

Riding in a car as a passenger. 

 

1 

 

2 

 

 

 

During plane trips. 

 

1 

 

2 

 

 

 

Carnival rides. 

 

1 

 

2 

 

 

 

Other. (Watching TV, movies, etc.) 

 

   1 

 

   2 

 

 

Q8. Please answer Y or N and the frequency (Circle one response for each item.) 

 

Do you experience- 

 

always 

 

sometimes 

 

rarely 

 

never 

 

Claustrophobia (fear of closed spaces) 

 

1 

 

2 

 

3 

 

4 
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Acrophobia (fear of heights) 

 

1 

 

2 

 

3 

 

4 

 

Driving fatigue 

 

1 

 

2 

 

3 

 

4 

 

Panic attacks while driving. 

 

1 

 

2 

 

3 

 

4 

 

 Driving aggression (anger while driving)   

 

1 

 

2 

 

3 

 

4 

 

Time on Road           

Q9. Do you consider yourself a city or rural driver?  (circle one)    

CITY          /           RURAL 
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POST-test Questionnaire: Part I 

Please rate your simulator experience (circle one number). 

NOTE: Numbers omitted in this appendix (1-9 scale) 

Q1.  How would you rate the physical comfort of your simulator experience? 

        Not at all comfortable.            Very comfortable.  

Q2.  How nervous did you feel during your simulator experience? 

        Very nervous.  Not at all nervous. 

Q3.  How realistic did you find the visual display? 

         Not at all realistic.  Very realistic. 

Q4.  How realistic did the simulator feel physically? 

         Not at all realistic.  Very realistic. 

Q5.  How difficult or easy was it for you to learn to use the simulator? 

        Very difficult.    Very easy. 

Q6.  How well did you adapt to the simulator? 

        Never got use to it.                                                                      Quickly became use to it. 

Q7.  How closely did your simulator experience meet your expectations? 

        Not very closely Very closely 



 A-6

Please feel free to explain any extreme scores (1, 2 or 8, 9) you may have had: 

______________________________________________________________________________ 
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Q8. Did you experience any nausea during the experiment?  

1. Yes     

2. No            (If No, skip to Q9) 

 

a. If Yes, at what point during the experiment did it occur (early, midway, late)? 

_____________________________________________________________________ 

b. If Yes, was it caused by a specific situation that you can remember? 

_____________________________________________________________________ 

c. If Yes, what (if anything) did you do to ease the sensation? 

_____________________________________________________________________ 

 

Q9.  Describe the general experience or any other comments you may have about your 

            simulator experience (if any). 

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________ 

________________________________________________________________________ 

________________________________________________________________________ 

________________________________________________________________________ 

________________________________________________________________________ 

________________________________________________________________________ 

________________________________________________________________________ 

________________________________________________________________________ 

________________________________________________________________________ 

________________________________________________________________________ 
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Appendix B  
 

[Raw Data: Mean scores at each sign condition]  
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As indicated on the first page, each block (3 cells) indicates the mean for the road section 

bordering each sign by approximately 500 feet on each side. 

 The R, M, F, S, letters represent the signage condition. 

 R- Normal 

 M- Enhanced, off 

 F- Enhanced, flashing 

 S- Enhanced, cluster (flashing) 

The first three rows on each page are subject identifiers and overall mean speed and standard 
deviations. 

Means are last column on final page. 

Missing values are those removed due to interference of road speed in the signage data 

acquisition areas by road traffic resulting in aberrant acceleration/deceleration data. 
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25.11.9h41dusk13.10.12h49.10.12h526.11.12h225.11.12h28dusk15.10.16h32dusk15.10.9h4dusk15.10.13h25dusk15.10.11h57dusk15.10.11h10dusk14.10.10h50
overall 83.92 121.63 93.62 81.54 92.42 89.76 91.65 110.15 99.38 97.78 81.00

6.95 17.26 6.47 5.21 8.34 12.79 5.84 14.89 7.62 11.20 5.41

mean R 95.56 101.54 95.67 86.45 97.42 99.75 92.59 105.06 98.77 91.87 91.73
sd 7.82 16.88 5.07 6.72 14.71 17.09 3.86 8.21 7.02 17.73 13.54
kurt -1.21 -0.22 2.55 -0.15 -1.23 -1.54 -0.42 -1.23 -1.14 -0.74 -0.69

M 85.60 109.69 90.87 90.92 81.24 79.94 85.56 106.56 97.79 91.06 80.25
3.19 18.46 5.80 2.41 2.24 2.91 8.00 8.94 2.17 13.47 2.20

-0.61 -0.91 -0.22 -0.30 0.15 0.13 0.00 -1.17 -0.37 -1.53 2.51
F 79.82 109.85 95.76 82.92 88.14 79.24 91.74 92.40 94.54 94.94 80.03

3.84 14.74 6.46 4.15 11.82 12.10 4.64 12.09 7.44 8.37 2.58
-0.13 2.47 0.63 -0.60 1.31 -0.25 -0.04 -0.49 4.38 -0.83 -0.95

F 80.81 108.16 95.05 79.36 91.61 92.04 90.54 98.61 99.45 80.01
5.02 20.55 2.05 5.47 2.99 11.72 4.30 3.26 1.26 2.58
0.91 -0.80 0.89 -0.64 -1.37 -1.53 0.92 0.11 -0.68 -0.82

R 79.99 127.87 90.75 79.65 90.54 79.65 93.43 97.46 93.84 80.06
4.61 6.33 5.94 4.09 1.98 3.00 3.54 4.91 10.65 1.90

-0.26 -0.41 -0.41 0.84 0.46 -0.67 0.50 1.16 -0.53 -0.72
M 80.64 123.44 95.53 79.82 95.47 79.79 92.53 109.07 100.50 99.74 79.67

2.32 16.45 1.29 3.60 10.28 3.08 6.20 16.90 2.29 2.59 2.73
0.33 1.65 -0.07 -0.79 3.47 -0.61 -0.05 -0.82 -0.24 2.91 0.94

clusterr S 79.86 112.53 95.39 80.51 93.50 80.87 91.74 95.47 83.03 80.15
2.83 0.48 1.37 3.48 3.68 2.15 4.27 7.95 5.77 2.99

-0.08 -0.74 -0.52 -0.76 0.79 0.41 1.87 -0.24 1.55 -0.24
M 80.13 127.36 88.92 79.83 91.42 80.79 87.94 102.31 100.63 79.31

2.03 11.66 9.09 4.14 3.07 3.38 7.22 0.83 5.88 2.66
-0.62 1.65 0.72 -0.46 -0.96 1.38 -1.18 -1.01 3.56 -1.04

F 79.97 103.10 96.92 81.63 94.31 84.88 93.84 103.13 87.49 101.44 81.32
3.31 10.69 2.53 3.14 7.31 13.27 4.10 8.95 4.32 4.59 3.16
0.12 2.76 6.62 2.35 0.18 -1.49 1.10 -1.14 0.83 1.94 -0.81

R 80.83 125.59 98.09 80.65 95.72 97.16 94.78 100.26 107.14 107.59 80.82
3.31 10.70 2.50 3.14 7.31 13.27 4.11 14.30 4.31 4.59 3.15
0.12 2.76 6.34 2.34 0.18 -1.49 1.09 -1.51 0.84 1.94 -0.81

clusterr S 93.10 125.55 85.36 79.54 94.85 93.51 92.14 108.62 98.40 99.14 79.51
5.75 10.71 7.80 3.85 8.74 9.50 6.88 10.67 6.23 12.51 2.12
3.38 2.75 -0.95 0.67 0.32 0.97 -0.04 0.28 -1.21 -1.14 0.94  
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dusk13.10.14h1524.11.8h5817.10.13h4117.10.14h3817.10.15h3420.10.15h2625.11.11h3620.10.16.2620.10.14h15dusk26.11.11h27dusk25.11.10h55dusk25.11.10h17dusk24.11.9h43
114.079 81.098 101.170 89.708 93.995 110.711 79.804 117.416 127.529 79.857 81.259 81.479 80.793
10.705 3.865 9.151 7.432 8.986 14.750 6.675 15.281 14.750 6.718 5.982 6.363 5.100

114.337 83.505 99.690 93.242 90.803 111.711 71.939 120.903 115.364 67.530 95.947 91.819 90.287
10.411 2.881 8.377 7.741 7.845 14.546 6.776 19.258 9.265 8.171 12.019 10.244 9.065

4.484 2.684 -0.563 -0.481 -1.135 -0.495 -0.574 0.083 2.126 -1.279 -1.588 -1.203 -0.984
112.538 87.056 84.414 96.150 88.778 108.830 76.541 124.314 116.307 81.253 80.372 87.093 82.803
13.264 2.205 8.529 4.315 10.609 17.030 9.194 17.606 9.328 7.706 2.656 6.847 4.990
-0.393 -0.942 1.577 1.536 -1.240 -1.033 -1.164 0.062 0.972 -1.084 -0.728 -0.854 -0.714

100.195 83.492 95.462 90.847 92.817 102.250 83.758 116.263 119.822 86.587 80.061 78.627 79.978
9.149 3.011 1.988 4.054 2.018 3.942 7.820 12.809 16.157 6.623 1.709 9.554 4.458
0.860 0.030 -0.894 1.518 2.343 2.953 -0.640 2.196 0.886 -0.916 -0.331 6.446 -0.333

107.769 80.233 98.892 85.892 88.763 96.854 80.521 112.430 119.833 79.884 79.494 81.806 79.654
10.761 4.685 6.207 5.664 9.596 12.089 4.404 10.324 8.183 5.702 3.285 4.263 3.022

1.539 1.167 2.059 2.258 -0.628 -1.098 0.699 0.702 5.321 -0.520 -0.344 0.544 -0.057
115.361 79.479 99.699 87.949 98.845 102.210 83.622 116.313 131.573 82.007 80.923 80.183 79.923

6.465 4.374 1.801 6.454 1.916 1.062 4.267 9.609 5.213 5.693 2.497 2.832 3.157
1.006 -0.904 3.707 0.113 -0.796 -1.472 -0.787 0.386 0.727 -0.674 -0.463 0.288 0.434

107.465 80.435 104.417 94.996 87.045 105.431 80.614 114.061 131.396 79.954 79.524 79.902 79.741
16.112 2.913 4.935 2.249 8.101 7.609 3.332 8.931 8.427 4.546 2.463 4.240 3.817
-1.616 -0.746 3.932 -0.984 -1.331 1.911 -0.155 -0.318 3.254 -0.989 -0.171 -0.638 -0.372

104.806 80.199 100.975 90.602 90.074 79.885 115.552 79.419 78.091 79.982 79.686
3.269 2.801 4.428 5.767 8.866 3.542 9.823 3.942 4.348 2.577 3.147
1.946 0.041 0.039 2.207 -1.657 -0.308 1.118 -0.490 0.561 -0.129 -0.091

116.199 78.819 102.996 80.128 98.430 120.096 79.778 115.994 137.622 79.416 81.928 79.479 79.642
5.239 3.321 8.498 5.111 4.220 9.090 4.198 11.153 12.806 4.772 4.136 5.251 3.483
0.607 -0.601 2.217 -0.595 4.806 3.297 0.237 1.352 5.423 -0.859 -0.104 0.033 -0.881

106.243 80.373 89.446 92.221 94.387 103.615 79.589 133.310 81.998 80.290 80.781 80.244
11.969 3.042 4.159 7.079 8.876 5.024 3.960 20.075 5.028 2.286 3.857 3.756

2.681 0.082 2.916 0.251 -0.959 -0.346 -0.250 -0.049 -0.906 0.009 -1.037 -0.744
121.141 80.953 104.278 95.328 99.202 113.636 80.831 96.419 139.999 78.188 80.383 80.522 80.501
11.971 3.041 4.159 7.078 8.872 5.033 3.957 8.631 20.058 5.024 2.286 3.857 3.756

2.681 0.086 2.914 0.256 -0.952 -0.348 -0.247 0.370 -0.036 -0.903 0.008 -1.037 -0.744
119.125 79.702 99.521 90.920 101.540 105.519 79.485 96.394 116.399 81.683 79.552 79.974 79.404

1.052 2.504 4.582 6.883 2.295 3.899 4.098 8.642 9.360 4.238 2.933 3.456 3.489
-0.731 -0.167 5.538 -0.558 -0.976 -1.466 -1.113 0.356 0.965 0.213 -0.684 -0.802 -0.773
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dusk20.10.10h38dusk17.10.13h7dusk17.10.16h4dusk16.10.14h8dusk17.10.10h34dusk16.10.12h18dusk24.11.11h28dusk20.10.15h56dusk17.10.15h9dusk20.10.13h24dusk17.10.14h1313.10.13h2513.10.10h25
98.931 94.369 114.545 92.807 124.290 81.806 97.613 112.905 118.782 141.721 116.189 116.520 100.860
5.537 4.064 18.644 7.130 14.316 5.686 13.412 10.274 7.004 21.402 18.275 11.812 8.468

97.735 86.844 106.116 89.985 113.868 95.081 110.442 108.795 118.743 128.626 116.921 101.241 95.915
2.314 6.388 27.336 15.293 13.001 2.198 14.254 7.172 9.320 16.422 11.796 8.543 2.391

-0.666 -1.617 -0.975 -1.025 1.978 0.442 3.427 2.095 4.530 -0.315 3.077 1.011 -0.156
96.058 93.375 99.443 86.186 125.790 86.715 104.427 109.869 119.805 149.087 116.702 107.687 103.145
5.213 1.123 19.953 9.057 9.847 5.863 11.775 4.999 4.068 16.368 14.211 8.204 8.287
6.581 -0.203 -1.270 -0.418 2.422 -1.165 -0.562 1.490 4.241 0.640 1.152 2.992 3.795

97.422 96.269 100.546 90.377 103.559 80.030 94.510 106.850 117.154 129.259 116.868 115.259 100.613
1.440 3.363 5.437 3.419 13.732 2.746 16.440 8.441 6.254 16.451 3.986 4.441 10.167
0.094 1.345 -0.194 3.257 3.471 -0.561 -0.243 -0.286 4.312 -1.464 1.329 -0.243 -0.022

96.806 93.808 111.072 92.593 109.232 80.202 95.880 102.285 117.793 144.735 88.456 115.575 98.887
7.945 1.695 6.924 2.712 20.855 5.422 8.106 14.816 12.857 24.760 17.072 9.890 13.769
0.972 -1.253 1.142 1.181 -1.722 3.840 -0.498 -0.831 3.158 -1.298 1.192 3.486 -1.067

99.481 92.792 107.511 88.466 121.666 80.153 83.944 114.598 120.579 155.482 97.784 120.588 97.787
1.596 4.215 17.654 8.986 10.577 3.527 7.588 3.512 4.489 18.363 22.138 4.658 2.101
0.373 1.946 -0.229 0.273 4.667 3.530 0.552 0.153 4.324 -0.164 -1.687 2.089 -0.678

97.988 93.928 117.639 95.357 126.657 79.925 97.467 111.970 116.610 143.413 126.314 112.289 94.730
8.157 2.228 7.119 2.296 7.965 2.131 8.791 11.082 8.305 24.828 3.475 14.937 5.890
0.268 -0.661 0.296 -0.991 3.749 -0.150 -0.289 -0.134 4.457 0.307 1.714 0.160 2.830

97.880 94.563 105.921 94.454 104.328 79.571 91.856 102.606 118.231 139.263 126.075 102.043 100.060
6.417 2.175 14.705 4.577 7.281 1.467 6.681 4.421 5.319 11.345 5.925 7.867 1.813
1.166 0.358 1.527 2.617 4.889 0.245 -0.569 -0.708 3.913 -0.659 5.922 1.704 0.181

100.235 96.400 122.844 94.571 128.600 79.095 100.661 118.905 121.134 124.633 114.132 126.810 100.636
0.850 2.765 17.544 2.213 12.498 4.539 13.315 8.426 3.460 20.689 18.360 4.458 8.422

-0.152 -0.685 0.869 0.344 3.670 -1.025 -0.959 2.234 2.023 -0.617 -0.583 -0.493 3.201
102.515 96.877 101.544 94.888 100.296 81.212 96.307 117.659 119.252 136.419 113.225 114.907 100.556

5.815 1.505 23.518 5.449 6.795 4.550 6.108 10.620 2.396 9.512 13.602 5.407 5.146
5.255 -0.578 -0.848 2.195 3.378 0.126 -0.132 1.294 0.672 -1.310 4.539 1.144 2.851

100.753 96.640 128.886 93.546 139.422 80.611 98.782 115.667 118.417 136.351 126.083 118.946 103.008
5.815 1.506 23.522 5.450 6.831 4.549 6.103 10.599 2.397 9.516 13.603 5.407 5.168
5.255 -0.585 -0.850 2.194 3.395 0.128 -0.131 1.316 0.668 -1.311 4.539 1.144 2.843

99.780 94.267 122.485 94.699 113.909 79.705 97.908 120.956 119.247 124.617 98.096 112.259 101.073
7.135 2.460 0.330 2.287 13.019 2.449 11.185 6.170 2.398 9.522 3.482 14.916 10.522
2.210 -0.103 -1.156 -0.986 1.971 -0.454 1.196 -1.557 0.662 -1.311 1.649 0.165 -0.280
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15.10.10h915.10.13h614.10.13h5116.10.13h3015.10.14h2515.10.15h116.10.11h817.10.11h8
101.512 106.823 85.200 92.657 112.295 104.726 95.653 98.480 99.787

12.420 9.595 9.853 11.836 24.391 21.737 9.864 11.275

98.318 105.173 92.644 102.340 96.803 99.313 97.747 96.918 99.179
18.412 14.739 14.928 15.625 19.700 9.756 5.585 8.262 10.859
-1.799 -0.770 -1.144 -1.298 -1.665 -0.952 -0.468 1.163 -0.001

103.673 114.978 99.527 106.353 117.625 80.206 96.294 101.857 98.772
14.818 7.622 6.072 7.902 15.260 3.036 8.819 4.936 8.255
-1.050 3.255 0.345 -1.622 0.322 4.000 0.464 -0.690 0.409

105.654 102.612 84.688 87.239 112.884 80.062 98.314 100.969 96.015
9.004 7.308 5.342 11.534 11.673 2.837 3.461 9.618 7.303
0.701 2.687 -0.812 0.910 1.282 -0.651 -0.294 0.976 0.783

98.269 105.304 81.466 85.047 82.266 107.605 85.630 96.223 95.382
9.853 11.851 4.438 2.279 5.855 8.143 8.017 10.993 8.083

-0.372 0.883 -0.912 1.789 4.068 4.047 -1.036 -1.318 0.547
98.384 106.633 80.596 94.481 89.197 89.533 98.070 81.211 97.051
14.599 8.859 4.775 9.402 20.518 11.937 9.827 6.279 6.770
-0.900 2.739 -0.272 -1.191 2.227 -1.477 1.227 11.337 0.690

102.419 107.902 85.756 80.017 104.338 101.156 101.237 104.318 99.169
10.117 4.931 9.961 1.971 19.735 17.046 3.087 5.313 7.217
0.748 2.489 1.587 -0.006 -1.556 -1.614 -0.622 -0.179 0.464

113.458 109.530 89.577 80.150 124.620 108.588 90.324 90.220 96.086
4.452 3.563 2.897 2.780 17.262 14.287 7.556 9.916 5.480

-1.132 0.317 -1.109 0.119 0.059 -0.854 3.024 -1.526 0.590
91.518 103.516 86.450 89.847 129.882 120.714 97.834 101.119 100.425
12.751 9.439 6.738 9.751 20.292 18.647 4.017 9.554 7.727
-1.173 3.606 -0.262 -0.988 0.518 -0.264 -0.278 0.790 0.608

102.175 104.481 79.075 99.571 130.483 118.322 83.815 99.601 97.811
4.592 8.543 3.550 1.600 17.511 17.610 7.666 6.843 7.109

-0.839 1.162 0.042 0.618 2.482 -0.403 -0.671 0.215 0.803
102.790 106.301 80.644 89.863 121.735 121.087 86.358 105.912 102.040

4.602 8.557 3.544 1.600 17.510 17.614 7.663 6.839 7.263
-0.828 1.151 0.025 0.618 2.482 -0.404 -0.664 0.222 0.779

100.060 109.229 78.969 100.121 101.425 104.927 102.263 103.073 98.622
9.667 10.343 4.025 2.180 10.716 22.747 4.376 3.353 6.566

-0.405 3.114 -0.806 2.252 4.444 -0.570 -0.749 0.233 0.340  
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Appendix C 
 

Individual signage performance (m.p.h.) and group Analysis of Variance  
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Individual signage performance (m.p.h.) and group Analysis of Variance 
(ANOVA): Performance differences relative to sign type. 

 
Participants, 
coded 

 Sum of 
Squares 

df Mean 
square 

F Sig. 

VAR00001 Between 
Groups 

574.824 3 191.608 5.039 .036 

 Within 
Groups 

266.151 7 38.022   

 Total 840.974 10    

 

VAR00002 Between 
Groups 

3692.988 3 1230.996 12.562 .003 

  Within 
Groups 

685.945 7 97.992   

  Total 4378.933 10    

 

VAR00003 Between 
Groups 

1123.629 3 374.543 16.318 .002 

  Within 
Groups 

160.672 7 22.953   

  Total 1284.302 10    

 

VAR00004 Between 
Groups 

357.988 3 119.329 5.185 .034 

  Within 
Groups 

161.085 7 23.012   

  Total 519.072 10    

 

VAR00005 Between 
Groups 

382.953 3 127.651 6.374 .021 

  Within 
Groups 

140.184 7 20.026   

  Total 523.137 10    
 

VAR00006 Between 
Groups 

334.182 3 111.394 3.003 .104 

  Within 
Groups 

259.683 7 37.098   

  Total 593.864 10    
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Individual signage performance (m.p.h.) and group Analysis of Variance 

(ANOVA): Performance differences relative to sign type. 
 

Participants, 
coded 

 Sum of 
Squares 

df Mean 
square 

F Sig. 

VAR00007 Between 
Groups 

109.242 3 36.414 1.343 .336 

  Within 
Groups 

189.840 7 27.120   

  Total 299.082 10    

 

VAR00008 Between 
Groups 

416.076 3 138.692 34.196 .001 

  Within 
Groups 

20.279 5 4.056   

  Total 436.355 8    

 

VAR00009 Between 
Groups 

80.865 3 26.955 1.095 .432 

  Within 
Groups 

123.049 5 24.610   

  Total 203.914 8    

 

VAR00010 Between 
Groups 

32.108 3 10.703 .277 .840 

  Within 
Groups 

270.242 7 38.606   

  Total 302.350 10    

 

VAR00011 Between 
Groups 

604.177 3 201.392 5.934 .025 

  Within 
Groups 

237.580 7 33.940   

  Total 841.757 10    

 

VAR00012 Between 
Groups  3245.530 3 1081.843 113.524 .000 

  Within 
Groups  66.707 7 9.530   

  Total 3312.238 10    
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Individual signage performance (m.p.h.) and group Analysis of Variance 

(ANOVA): Performance differences relative to sign type. 
 

Participants, 
coded 

 Sum of 
Squares 

df Mean 
square 

F Sig. 

VAR00013 Between 
Groups 

1895.934 3 631.978 24.440 .000 

  Within 
Groups 

181.011 7 25.859   

  Total 2076.945 10    

 

VAR00014 Between 
Groups 

954.057 3 318.019 8.243 .011 

  Within 
Groups 

270.063 7 38.580   

  Total 1224.120 10    

 

VAR00015 Between 
Groups 

127.180 3 42.393 1.261 .359 

 Within 
Groups 

235.424 7 33.632   

 Total 362.604 10    

 

VAR00016 Between 
Groups 

75.422 3 25.141 1.234 .367 

  Within 
Groups 

142.582 7 20.369   

  Total 218.005 10    

 

VAR00017 Between 
Groups 

795.211 3 265.070 6.741 .018 

  Within 
Groups 

275.267 7 39.324   

  Total 1070.478 10    

 

VAR00018 Between 
Groups 

1304.651 3 434.884 23.880 .001 

  Within 
Groups 

109.268 6 18.211   

  Total 1413.919 9    
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Individual signage performance (m.p.h.) and group Analysis of Variance 

(ANOVA): Performance differences relative to sign type. 
 

Participants, 
coded 

 Sum of 
Squares 

df Mean 
square 

F Sig. 

VAR00019 Between 
Groups 

3231.180 3 1077.060 18.489 .001 

  Within 
Groups 

407.788 7 58.255   

  Total 3638.967 10    

 

VAR00020 Between 
Groups 

896.417 3 298.806 2.408 .166 

  Within 
Groups 

744.636 6 124.106   

  Total 1641.054 9    

 

VAR00021 Between 
Groups 

4781.109 3 1593.703 40.595 .000 

  Within 
Groups 

235.550 6 39.258   

  Total 5016.659 9    

 

VAR00022 Between 
Groups 

50.239 3 16.746 .633 .617 

  Within 
Groups 

185.109 7 26.444   

  Total 235.348 10    

 

VAR00023 Between 
Groups 

44.331 3 14.777 .823 .522 

  Within 
Groups 

125.737 7 17.962   

  Total 170.069 10    

 

VAR00024 Between 
Groups 

22.333 3 7.444 .655 .605 

  Within 
Groups 

79.560 7 11.366   

  Total 101.893 10    
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Individual signage performance (m.p.h.) and group Analysis of Variance 

(ANOVA): Performance differences relative to sign type. 
 

Participants, 
coded 

 Sum of 
Squares 

df Mean 
square 

F Sig. 

VAR00025 Between 
Groups 

978.236 3 326.079 168.504 .000 

  Within 
Groups 

13.546 7 1.935   

  Total 991.782 10    

 

VAR00026 Between 
Groups 

93.233 3 31.078 2.887 .112 

  Within 
Groups 

75.342 7 10.763   

  Total 168.575 10    

 

VAR00027 Between 
Groups 

944.766 3 314.922 3.482 .079 

  Within 
Groups 

633.039 7 90.434   

  Total 1577.804 10    

 

VAR00028 Between 
Groups 

903.066 3 301.022 7.805 .012 

  Within 
Groups 

269.972 7 38.567   

  Total 1173.038 10    

 

VAR00029 Between 
Groups 

2908.939 3 969.646 18.992 .001 

  Within 
Groups 

357.390 7 51.056   

  Total 3266.328 10    

 

VAR00030 Between 
Groups 

1445.567 3 481.856 12.686 .003 

  Within 
Groups 

265.887 7 37.984   

  Total 1711.453 10    
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Individual signage performance (m.p.h.) and group Analysis of Variance 

(ANOVA): Performance differences relative to sign type. 
 

Participants, 
coded 

 Sum of 
Squares 

df Mean 
square 

F Sig. 

VAR00031 Between 
Groups 

1014.995 3 338.332 6.268 .021 

  Within 
Groups 

377.849 7 53.978   

  Total 1392.844 10    

 

VAR00032 Between 
Groups 

885.511 3 295.170 22.423 .001 

  Within 
Groups 

92.145 7 13.164   

  Total 977.656 10    

 

VAR00033 Between 
Groups 

237.745 3 79.248 1.809 .233 

  Within 
Groups 

306.581 7 43.797   

  Total 544.327 10    

 

VAR00034 Between 
Groups 

1235.440 3 411.813 4.044 .058 

  Within 
Groups 

712.777 7 101.825   

  Total 1948.217 10    

 

VAR00035 Between 
Groups 

1010.009 3 336.670 3.243 .090 

  Within 
Groups 

726.691 7 103.813   

  Total 1736.700 10    

 

VAR00036 Between 
Groups 

147.632 3 49.211 .265 .849 

  Within 
Groups 

1298.823 7 185.546   

  Total 1446.454 10    
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Individual signage performance (m.p.h.) and group Analysis of Variance 

(ANOVA): Performance differences relative to sign type. 
 

Participants, 
coded 

 Sum of 
Squares 

df Mean 
square 

F Sig. 

VAR00037 Between 
Groups 

526.385 3 175.462 10.520 .005 

  Within 
Groups 

116.755 7 16.679   

  Total 643.140 10    

 

VAR00038 Between 
Groups 

2.367 3 .789 .053 .983 

  Within 
Groups 

104.961 7 14.994   

  Total 107.327 10    

 

VAR00039 Between 
Groups 

71.558 3 23.853 .902 .487 

  Within 
Groups 

185.120 7 26.446   

  Total 256.677 10    

 

VAR00040 Between 
Groups 

1032.531 3 344.177 10.921 .005 

  Within 
Groups 

220.611 7 31.516   

  Total 1253.143 10    

 

VAR00041 Between 
Groups 

359.661 3 119.887 1.659 .261 

  Within 
Groups 

505.954 7 72.279   

  Total 865.615 10    

 

VAR00042 Between 
Groups 

1362.059 3 454.020 2.588 .135 

  Within 
Groups 

1227.855 7 175.408   

  Total 2589.914 10    
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Individual signage performance (m.p.h.) and group Analysis of Variance 

(ANOVA): Performance differences relative to sign type. 
 

Participants, 
coded 

 Sum of 
Squares 

df Mean 
square 

F Sig. 

VAR00043 Between 
Groups 

223.785 3 74.595 .186 .902 

  Within 
Groups 

2802.252 7 400.322   

  Total 3026.037 10    

 

VAR00044 Between 
Groups 

215.556 3 71.852 .567 .654 

  Within 
Groups 

887.579 7 126.797   

  Total 1103.135 10    

 

VAR00045 Between 
Groups 

264.347 3 88.116 1.199 .378 

  Within 
Groups 

514.266 7 73.467   

  Total 778.613 10    
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Exposure (sequence) 

Means by signage type were calculated since no significance was found between each of the 
exposures to signage (Table 3.2a-3.2d) (in m.p.h.). 
 

Table 3.2a 
Analysis of variance (ANOVA): 

Single factor all subjects standard signage (m.p.h.) 
 

Summary 

 Groups Count Sum Average Variance  

 sign 1/3 44 2713.83 61.67 88.87  

 sign 2/3 43 2603.70 60.55 182.81  

 sign 3/3 44 2803.00 63.70 193.01  

 
ANOVA 

Source of 
Variation 

SS df MS F P-value F crit 

Between 
Groups 

358.29 2 179.14 1.15 0.31 3.06 

Within 
Groups 

19799.2 128 154.68    

       

Total 20157.5 130     

 
Table 3.2b  

ANOVA: Single Factor All Subjects Enhanced Signage – OFF (m.p.h.) 
Summary 

 Groups Count Sum Average Variance  

 sign 1/3 45 2761.83 61.37 150.12  

 sign 2/3 45 2772.94 61.62 163.18  

 sign 3/3 44 2745.66 62.4013 198.29  

 
ANOVA 

Source of 
Variation 

SS df MS F P-value F crit 

Between 
Groups 

41.06 2 20.53 0.12 0.88 3.06 

Within 
Groups 22311.9 131 170.32    

       

Total 22352.9 133     
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Table 3.2c 

ANOVA: Single factor all subjects enhanced signage – flashing (m.p.h.) 
Summary 

 Groups Count Sum Average Variance  

 sign 1/3 45 2761.83 61.37 150.12  

 sign 2/3 45 2772.94 61.62 163.18  

 sign 3/3 45 2734.97 60.77 138.53  

 
ANOVA 

Source of 
Variation 

SS df MS F P-value F crit 

Between 
Groups 

41.06 2 20.53 0.12 0.88 3.06 

Within 
Groups 22311.9 131 170.32    

       

Total 22352.9 133     

 
 

Table 3.2d 
ANOVA: Single factor all subjects enhanced signage –  

flashing (cluster sequence) (m.p.h.) 
Summary 

 Groups Count Sum Average Variance  

 sign 1/3 42 2507.62 59.70 140.59  

 sign 2/3 45 2757.64 61.28 118.15  

 
ANOVA 

Source of 
Variation 

SS df MS F P-value F crit 

Between 
Groups 

86.80 1 86.80 0.67 0.41 3.95 

Within 
Groups 

86.80 85 128.98    

       

Total 11050.00 86     

 
By individual performance: 

 Some participants (n=22, ~50%) demonstrated significant differences in performance 
relative to signage types. See Sig. (significance) for p< .05.   
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By Population Sample Averages: 

A significant difference was found between signage type (p=.05) 
 

Table 3.3  
ANOVA for performance by sign type (m.p.h.) 

Summary 

 Groups Count Sum Average Variance  

 Normal 3.000 85.33 61.77 3.89  

 Mod-off 3.000 185.39 61.79 0.46  

 Mod-on 3.000 178.63 59.54 0.09  

 Cluster 2.000 122.05 61.03 0.20  

 
ANOVA 

Source of 
Variation 

SS df MS F P-value F crit 

Between 
Groups 

16.21 3.000 5.40 4.15 0.054 4.34 

Within 
Groups 

9.10 7.000 1.30    

       

Total 25.32 10.000     

 

 




