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Executive Summary

Across the United States, walking is one of the most dangerous modes of transportation
with 20.1 fatalities per 100 million miles traveled (Surface Transportation Policy
Partnership (STPP), 2004). In 2009, Florida reported the highest rate of pedestrian
fatalities, 2.51 deaths per 100,000 residents, nearly twice the national average of 1.33
per 100,000. Compared to other age groups, older adults are significantly more likely to
be injured or killed in pedestrian crashes. Although those aged 65 and up make up only
about 13% of the population, this age group accounted for 18% of all pedestrian
fatalities, more than any other age group (NHTSA, 2009).

We began by conducting a thorough examination of an existing data set to gain a better
understanding of the common characteristics, if any, of parking lot collisions (Task 1).
Next, we conducted an observational study of younger, middle-aged, and older adult
pedestrians navigating parking lots in the Tallahassee, FL, area (Task 2). Finally, we
conducted a field study using a mobile eye-tracking device to learn more about
pedestrians’ allocation of visual attention as they navigated parking lots (Task 3).

Task 1 analyses revealed that the frequency of parking lot crashes, including severe
crashes, was relatively constant during the 2004-2008 study period. As has been shown
by others, there was significant variation by month, with more crashes in winter months
and during spring break (March) and least in summer months. While this overall pattern
was observed across all age groups, it was most marked for older adults aged 65 and
older. Parking lot crashes were most likely during the noon to 6 pm interval, consistent
with commercial business hours. Examining crash frequencies by population
distributions for age groups showed that crash rates (per 1000 population) were highest
for pedestrians aged 15-19 years, then declined with age until a spike was observed for
seniors aged 75+ years. A similar trend was observed for drivers involved in parking lot
crashes, though with the peak in youth occurring later at age 20-24 years of age. The
high vulnerability of seniors during crashes was underlined when considering pedestrian
crashes resulting in fatal or incapacitating injuries; rates held steady from age 15-19
years until an increase starting at age 65-74 years with a doubling at age 75+ years.

When examining types of crash by driver action, considering most frequent types
(backing versus forward driving), contrary to expectations, we found that driver age had
little influence on whether the crash involved reverse or forward driving. However, older
pedestrians age 75+ years were about twice as likely to be hit by a vehicle backing up
than driving forward, whereas the reverse was true for pedestrians aged 14 and
younger, with no significant variation found for other age groups.

Consistent with earlier studies, the highest ratio of fatal and severe crashes to all
crashes was observed for residential parking lots, though the small number of cases in
the data set makes interpreting our results difficult for such crash types. This finding is
also echoed in the finding that smaller parking lots recorded more serious crashes,
despite their being about equal numbers of small and medium lots occurring in the data
set. We found no differences in crash frequency or severity by type of parking offered
(e.g., angled, straight parking spaces), whether parking lot aisles offered one-way or
two-way traffic flow, or whether lots offered crosswalks.
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Task 2 analyses of behavior patterns for pedestrians naturally navigating parking lots
revealed that crosswalk use did not vary by age of pedestrian but did vary by parking lot
type, with most frequent use in large parking lots. Pedestrians used crosswalks about
half the time. We assessed the frequency of distracted walking (e.g., cell phone use)
finding that only younger or middle-aged (but not older) pedestrians were walking while
distracted, with a significantly higher frequency in younger pedestrians. We found no
evidence that lateral distances from parked vehicles within walking paths varied by age
of the pedestrian. However, path lengths may have varied with age, because older
pedestrians were more likely to be navigating to and from handicapped parking spaces.
Thus, we found no salient behavioral differences that could account for why older
pedestrians may be more at risk from backing up crashes.

Task 3 examined a controlled navigation task within 1) an outdoor parking lot, and 2) a
parking garage, where middle-aged and older pedestrians started from the same point
and encountered a back out threat in the garage at the same distance while wearing a
portable eye tracker. We found no salient differences in attention patterns while
navigating, as revealed by head movements when crossing through the outdoor lot. For
the parking garage, we found no age differences within eye movement data, such as for
fixations in different areas of interest or for reaction time to the backup light event. Nor
did we find any significant age differences in lateral separation from parked vehicles
when walking or in the path deviation when the vehicle activated backup lights. If
anything, older pedestrians were more cautious about approaching a vehicle when the
backup lights were activated. The one significant finding was an age difference in
walking speed of about 0.6 feet/s.

Together, findings from these studies suggest that the greater risk for older pedestrians
in parking lots may be attributable to their slower response to hazards, such as vehicles
driven by inattentive drivers, as indexed by their slower movement capabilities (e.g.,
walking speed) and greater fragility when involved in a crash.
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Chapter 1.

Introduction

Across the United States, walking is one of the most dangerous modes of transportation
with 20.1 fatalities per 100 million miles traveled (STPP, 2004). In 2009, Florida
reported the highest rate of pedestrian traffic fatalities, 2.51 deaths per 100,000
residents, which is nearly twice the national average of 1.33 deaths per 100,000
(NHTSA, 2010). Until recently, pedestrian incidents that occur in traffic at intersections
have been the focus of most research, as well as the target of most new
countermeasures designed to protect pedestrians. However, in suburban areas, where
many people do not walk on busy streets, a significant number of pedestrian-vehicle
collisions occur in non-traffic settings, such as parking lots and residential driveways
(NHTSA, 2009). Many of these non-traffic incidents, particularly those involving a
serious or fatal injury to a pedestrian, involve a backing vehicle (NHTSA, 2008a).

Parking lots are particularly dangerous pedestrian environments; there are potential
hazards in all directions, and both pedestrians and drivers are often busy with other
tasks, such as carrying groceries or searching for an empty parking space. Considering
this, it is not surprising that an estimated 32% of non-traffic backing crashes involving a
pedestrian fatality and 60% of those where a pedestrian was injured occurred in public
and private parking lots (NHTSA, 2008a). For older adults, who may be slower to notice
and react to potential hazards, parking lots may be particularly dangerous (e.g., Owsley
et al., 1998, Maltz & Shinar, 1999). Consistent with this, older pedestrians aged 70 and
above have been found to be much more likely than younger adults to be injured or
killed in a crash where a vehicle is backing. Although older adults aged 70 and older
only made up around 9% of the population in 2007, they accounted for around 26% of
back-over fatalities and 18% of injuries. Only children under age 5 had a greater risk of
being injured or killed in a back-over crash (NHTSA, 2008a).

Compared to research on the features of and circumstances surrounding traffic crashes
involving pedestrians, much less is known about non-traffic incidents. One reason for
this is that the main source of information about both traffic and non-traffic crashes are
police reports. Because state and local laws governing the reporting of traffic incidents
may vary considerably, it is challenging generating accurate estimates of the rate and
characteristics of crashes occurring in parking lots, as well as other non-traffic locations.
Prior to 2007, when NHTSA developed the Not in Traffic Surveillance (NiTS) system,
national data sets did not consistently include information on non-traffic crashes
(NHTSA, 2009).

Understanding the factors related to pedestrian-vehicle crashes in non-traffic settings,
which include parking lots, is particularly important for states with a large number of
older residents. Currently, Florida has one of the oldest state populations in the U.S.,
with 18% of its population estimated to be age 65 or older, and the number of older
citizens in Florida and throughout the nation is predicted to continue to grow (U.S.



Census Bureau, 2011). A more complete understanding of the factors contributing to
parking lot collisions involving pedestrians will help advance Florida Department of
Transportation’s mission to reduce the number of driving-related injuries and fatalities
among residents of all ages.

Objectives and Supporting Tasks

Peter Hsu and colleagues from Florida DOT District 7 located in the West Central region
covering Citrus, Hernando, Hillsborough, Pasco, and Pinellas counties reported a
significant number of serious and fatal crashes for older pedestrians in parking lots
between 2004 and 2008. Reducing pedestrian crashes is a goal of the Strategic
Highway Safety Plan (SHSP) Vulnerable Road Users Emphasis Area, which covers all
surface transportation systems including parking lots. Our goals in this research project
were 1) to make use of their data sets to understand why this is occurring; 2) to
supplement archival analyses with observational studies of parking lot pedestrian (and
motorist) behavior to assess age differences in navigation practices, both as drivers and
pedestrians; and 3) to provide micro-level data on pedestrian behavior as they navigate
within a parking lot using eye-tracking equipment to understand what they are attending
to visually.

In support of these goals, we have conducted three studies using a diverse set of
research methodologies to gain a better understanding of both human and design
factors related to pedestrian-vehicle crashes in parking areas. In Task 1, we performed
a detailed analysis of an existing data set of parking lot crashes that occurred in FDOT
District 7 between 2004 and 2008. This data set provided links to both detailed crash
records, including copies of the original police reports filed at the time of the crash. In
addition to performing a detailed analysis of the features of parking lot crashes listed in
the database, we also examined the layout of the “open to sky” parking lots in order to
identify design features of parking lots that may relate to the risk of crashes. In Task 2,
we observed pedestrians as they navigated parking lots in the Tallahassee area. Past
work has found that older adults take longer to notice and respond to potential hazards.
In Task 3, we conducted a field study where pedestrians were outfitted with a head-
mounted mobile eye-tracking system to learn about potential age differences in the
allocation of visual attention as pedestrians navigate parking lots that might contribute to
increased crash risk.

The findings from these studies provide critical information about the conditions
surrounding pedestrian-vehicle crashes in parking lots, particularly those involving older
pedestrians, which will aid the FDOT in developing appropriate guidelines and
recommendations for the design of public and private parking facilities. In addition,
findings from these studies can be used to guide the design of education programs for
both drivers and pedestrians to better inform the public about safe navigation of parking
areas.



Chapter 2.

Task 1: Archival Data Analysis of Pedestrian Crash Data Sets.

Task 1 was a detailed analysis of an archival data set consisting of information from
crash reports from pedestrian-vehicle crashes that occurred in parking lots in Florida
DOT District 7 (West Central, FL). Our preliminary analyses of the data set determined
that the type and severity of crashes experienced by older adult pedestrians (age 65+)
differed from younger adult pedestrians aged 16 to 64. Specifically, older adult
pedestrians were disproportionately involved in crashes involving vehicles that were
backing up and were more likely to be severely or fatally injured in crashes compared to
younger pedestrians.

The primary aim of Task 1 was to begin constructing an ecology of parking lot crashes,
which was used as a basis for planning Tasks 2 and 3, by supplementing our initial
exploratory analyses with a more detailed examination of the cases included in the data
set. In addition to analyses on information already included in the data set (e.g., age of
driver, age of pedestrian, type of parking lot), we also used additional information
provided in the included police reports to determine the precise location of many
incidents. For those cases where a clear overhead view of the parking lot was available,
we used Geographic Information System (GIS) software to record information about the
design of the parking area, such as the size of the parking lot, whether parking spaces
were angled or straight, if crosswalks were present, and whether parking aisles were
one-way or bidirectional.

While human factors, such as inattention, are likely a major contributing factor in parking
lot crashes, particularly those involving older pedestrians and drivers, there is good
reason to expect that design features of parking areas should also relate to the
frequency of crashes. For example, though angled parking spaces may improve traffic
flow in parking lots, this ease in maneuvering may also make drivers more likely to back
out of spaces quickly, which would give older pedestrians less time to notice and react
to vehicle hazards. In addition, the presence of obstacles, such as cart returns or raised
medians and landscaping, may also increase risks to older pedestrians. However, other
features of parking lots, such as whether crosswalks are provided, may be associated
with a lower incidence of crashes.

Method

The data set used in the Task 1 archival analysis was provided by Peter Hsu and
colleagues in FDOT District 7. This data set consisted of information taken from police
reports from pedestrian-vehicle collisions that occurred in parking lots between January
1, 2004 and December 31, 2008 in five counties in the West Central region of Florida
(Citrus, Hernando, Hillsborough, Pasco, and Pinellas counties). In addition to
information included in the data set, we also made use of the original police reports
(included with data set) to identify the exact locations of crashes so that physical



features of parking lots could be coded using GIS mapping software, as well as
overhead views of parking lots available through Google Maps. As the availability of
clear overhead views in the mapping software was necessary for the classification of
parking lot features, cases that occurred in parking garages, those with dense tree
canopies, and those that did not include enough information to determine the precise
location of the incident were reviewed but no information about the physical features of
those parking lots could be coded.

Examination and Recoding of Existing Data Set

Prior to conducting any analyses, we rechecked information included in the original data
set and coded additional variables needed for our proposed analyses. First, the original
data set only indicated the ages of individuals listed in sections 1 and 2 of police reports,
and did not identify which of the individuals involved in the collision was the driver and
which was the pedestrian. In addition, when a collision involved more than one vehicle
and one pedestrian, only information from the first two individuals included on the police
report was listed in the data. For example, if more than one pedestrian was involved in
the collision, this could only be determined by looking at the original police report. We
created additional variables in the date file that clearly indicated the age of the driver
and all pedestrians involved in each crash. Within these variables, we also designated
cases where the driver's age was unknown, as the original database had only indicated
these with a “0,” which did not distinguish missing information from instances where the
pedestrian involved in the collision was less than a year old.

Because the circumstances surrounding parking lot collisions was a key variable in the
current task, we also checked the information included in the variable indicating the
driver’s action at the time of the incident (e.g., backing, driving straight). Some of the
driver actions listed in the original data file either had considerable overlap or were not
specific enough for our proposed analyses. We created a new variable, “driver action,”
which combined redundant categories and included more refined categories for those
that were too broad. Finally, we checked cases in which multiple vehicles were involved
to confirm that the information listed for either vehicle 1 or vehicle 2 corresponded with
the vehicle that collided with the pedestrian, as there were a number of instances in the
original file where either vehicle 1 or vehicle 2 were parked cars that were also involved
in the incident.

GIS Coding Procedure

The Geographic Information System software, ArcGIS Explorer was used to code the
parking lot locations of the police crash reports (Available:
http://www.esri.com/software/arcgis/explorer/index.html). We used the addresses given
in police reports, as well as any supplemental information given in the narratives and
crash scene drawings included in reports, to determine the precise location of each
case we reviewed. For each case where the precise location could be determined and a
clear overhead view of the parking lot was available, we used the ArcGIS software to
measure key physical features, such as the overall area and the size of parking spaces.




We also coded additional information about parking lots using satellite maps included in
this software, such as whether parking spaces were straight or angled.

In cases in which the maps produced within the GIS program were of poor quality,
supplemental images were used through Google Maps, Google Earth, or Bing Maps.
Supplemental maps were used only to solidify the accuracy of the address provided and
find surface-level features; such as crosswalks, regular spaces, handicap spaces, and
traffic direction (see Figure 1). For example, if the address provided in the database was
for a large grocery store, we verified that this information was generally consistent with
what was provided in the narrative and drawing of the crash scene included in police
reports. In addition, because the incidents included in the database occurred several
years ago, there were some cases where current satellite images did not match the
information in the police report. Where possible, we used archival GIS maps or older
images available through Google Earth that were dated from around the time the
collision occurred. However, these older satellite images were often of poorer quality
than more recent ones, so the information that could be coded from these images was
sometimes quite limited.

Table 1 lists and defines the specific features that were coded within each parking lot.
Factors such as type of lot, straight or angled spaces, locations of handicap spaces and
crosswalks, traffic directions, and size were coded for each police reports’ parking lot.
Using the address listed on the police report, coders could search within the GIS
program to produce a satellite map of the location of the specified crash.
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Table 1. Features coded for each parking lot.

Coded Lot Features

Type of Lot

Retail, Non-Retail, Residential, Gas Station,
etc.

Type of Spaces

Straight, Angled, or Parallel

Number of Spaces

Total number of parking spaces in a given lot
(be they regular, handicap, or parallel)

Area of Spaces

Length/width of regular, handicap, and
parallel spaces

Location of Handicap Spaces

Close to Entrances, Close to Buildings, etc.

Number of Crosswalks

Total number of crosswalks present in a
given lot

Location of Crosswalks

If any: close to entrances, close to buildings,
etc.

Number of Aisles

Total number of aisles that contain legal
parking spaces; Aisle is defined as a row of
spaces in which cars are able to legally park

Area of Aisles

Length/width of aisles

Traffic Direction

Whether the lot contains aisles that are
strictly one-way, two-way, or both

Total Area

Area of a given lot, measured in units of
square feet

Results

Total Cases Coded

Table 2 shows the total number of cases from each county included in the data set, as
well as the number of cases that were coded (see also Appendix A). A large number of
cases could not be coded because the address information included in the police report
was either incomplete or not detailed enough to determine the precise location of the
incident or a clear overhead view of the parking area was not available (e.g., dense tree

cover, parking garages).




Table 2. Coded cases by county.

County Total Cases Coded Unable to
Code

Citrus 27 14 13
Hernando 53 38 15
Hillsborough 691 353 338
Pasco 154 105 49
Pinellas 469 339 130

Total 1394 849 545

Number of Incidents per Year

The total number of incidents remained consistent across the five year timespan

included in the database, X4(4, N = 1394) = .70, p = .95, as did the number of severe
incidents, which were defined as those involving either a fatal or incapacitating injury to
a pedestrian, X4(4, N = 254) = 1.95, p = .75 (see Tables 3 and 4). Thatis, there is no
evidence of a shift in the frequency of incidents, either increasing or decreasing, during
the time period included in the data set.

Table 3. Number of total cases per year by county.

2004 2005 2006 2007 2008 Total
Citrus 4 8 3 3 6 27
Hernando 15 11 7 9 11 53
Hillsborough 130 149 150 143 119 691
Pasco 33 23 31 31 36 154
Pinellas 86 96 88 89 110 469
Total 268 287 279 278 282 1394

Table 4. Number of cases involving fatal or incapacitating injuries per year by county.

2004 2005 2006 2007 2008 Total
Citrus 0 0 1 0 0 1
Hernando 1 2 3 1 5 12
Hillsborough 28 32 27 24 22 133
Pasco 11 4 9 10 4 38
Pinellas 18 13 11 15 13 70
Total 58 51 51 50 44 254

When Parking Lot Collisions Involving Pedestrians Occur

As has been found in other studies of pedestrian crashes, the total number of incidents
differed by month, with the most incidents occurring in December and the least in June

and July, X?(11, N = 1394) = 34.53, p < .001 (see Figure 2). The higher crash




frequency during the winter months is likely due to greater traffic in parking lots
generated by holiday shoppers, while the peak seen in March may be due to changes in
tourism patterns (e.g., spring break). However, although the number of crashes
involving incapacitating or fatal injuries to pedestrians followed a similar pattern,
differences in the frequency of severe crashes were no greater than what would be
expected by chance alone, X?(11, N = 254) = 13.31, p = .27 (see Figure 3).
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Figure 2. Number of total cases per month.
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Figure 3. Cases involving fatal or incapacitating injuries to pedestrians by month.

Crash frequencies across the year were examined individually for each of four broad
age groupings (14 years and under, 15 to 25, 26 to 64, 65 and older). The general



pattern observed in the overall data was seen for each age group, but a larger
difference in crash frequencies across the year was seen for pedestrians aged 65 and
older (see Table 5), reflecting a significant change across months with the peak in
December.

Table 5. Number of crashes per month by pedestrian age group.

Month 14 and Under 15to 25 26 to 64 65 and Older

Years Years
January 14 20 49 34
February 12 24 56 26
March 11 25 61 39
April 17 25 60 18
May 16 19 52 28
June 7 13 53 11
July 10 15 50 15
August 9 13 52 22
September 18 26 47 23
October 12 25 57 28
November 15 26 63 27
December 16 22 61 52
Total 157 253 661 323
X° 10.01 13.13 5.68 49.89*
*p <.001

The overall frequency of crashes did not differ significantly across days of the week, (6,
N = 1394) = 10.14, p = .12, though there were slightly fewer crashes on Sunday and
Monday compared to the rest of the week (see Figure 4).

Although most traffic crashes where pedestrians sustain fatal or incapacitating injuries
occur on weekends (NHTSA, 2008b), our data set suggests that non-traffic incidents in
parking lots are more likely to happen during a weekday, with the largest number of
incidents occurring on Wednesdays and the fewest on Mondays (see Figure 5). Again,
possibly due to the relatively small number of cases in our current data set, this
difference did not reach conventional significance, X? (6, N = 254) = 7.15, p = .31.

In contrast to more severe incidents, parking lot crashes where pedestrians sustained
only minor or no injuries were more equally distributed throughout the week, though this
difference also did not reach conventional significance, X? (6, N = 1140) = 6.86, p = .33.
(see Figure 6). Again, similar to more severe crashes, parking lot crashes where
pedestrians were not seriously injured were more likely to occur on Saturday and least
likely on Sunday or Monday.
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week.
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Figure 6. Cases where pedestrians sustained minor or no injuries by day of the week.

The number of total incidents varied across the time of day, with the most incidents
occurring between 7 am and 7 pm, X? (7, N = 1393) = 553.70, p < .001), see Figure 7.
To further examine these differences in crash frequency, we created four equal time
categories (1 am to 6:59 am, 7 am to 12:59 pm, 1 pm to 6:59 pm, and 7 pm to 12:59
am). Across all cases, there were significant differences in crash frequencies across all
four broad time periods (see Table 6).

Table 6. Number of total cases by time of day.

Time of Day Overall Severe Minor X°
1 am to 6:59 am 99 18 81 .
7 amto 12:59 pm 405 80 325 185.79
7 amto 12:59 pm 405 80 325 62 33
1 pm to 6:59 pm 663 130 533
1 pm to 6:59 pm 663 130 533 214.81*
7 pmto 12:59 am 226 26 200
*p<.001

Comparing the frequency of severe crashes, which are defined as those where
pedestrians suffered either fatal or incapacitating injuries, to the frequency of incidents
where pedestrians were not seriously injured revealed that the frequency of both types
of crashes differed significantly by time of day, with most severe, X? (7, N = 254) =
149.97, p <.001 and minor crashes, X? (7, N =1139) =424.19, p <.001, occurring
between 7am and 7pm. Unlike traffic collisions involving pedestrians, non-traffic
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collisions in parking lots were most likely to occur between 12 pm and 6 pm, the hours
during which most businesses operate (see Figure 6).

Due to the small number of fatal cases, clear conclusions cannot be drawn about age
differences in fatal crashes. However, at least in the current data set, parking lot
crashes resulting in the death of the pedestrian were most likely to occur between 12
pm and 3 pm. Figure 8 shows the number of incidents in which a pedestrian was fatally
injured by time of day and age group.
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Figure 7. Number of cases by time of day and severity.
*Severe incidents include those where pedestrians suffered fatal or incapacitating injuries.
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Figure 8. Number of fatal cases by pedestrian age group and time of day.
*There were no fatal cases for pedestrians aged 10 to 14 or those aged 15 to 19.

Frequency of Parking Lot Collisions Involving Pedestrians by Age Group

We examined the number of cases for severe and minor crashes by driver and
pedestrian age group. As expected, drivers and pedestrians aged 25 to 64 were
involved in the largest number of severe and minor incidents, as they represent the
largest population groups in the counties included in the data set (see Appendix B for
detailed population figures). There were substantially fewer incidents for the youngest
and oldest age groups, likely because fewer individuals in these age groups would be
out during the times of day that parking lots tend to be the most crowded (see Figures 9
and 10).
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Figure 9. Number of cases by severity and driver age.
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Figure 10. Number of cases by severity and pedestrian age.

When the number of incidents for each age group per 1,000 population is examined,
similar to trends seen in other types of collisions involving pedestrians, our data set
suggests that children aged 10 to 14 years, younger adults between the ages of 15 and
24, and older adults aged 75 and older have the greatest risk of being involved in
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parking lot collisions compared to other age groups. Figure 11 shows the average
incidence of parking lot collisions per 1,000 population by age group for the years
included in the data set based on national intercensal population estimates (U.S.
Census Bureau, 2010).

The rate of serious crashes by age group showed a slightly different trend. As was the
case for the overall rate of involvement in crashes, older pedestrians and drivers over
the age of 75 had an elevated risk of being involved in a parking lot collision where a
pedestrian received an incapacitating or fatal injury. However, the risk of being involved
in a severe crash does not appear to differ substantially across drivers aged 15 and
over (Figures 11 and 12; see also Appendix C for more detailed statistics).

There are some limitations to these calculations that should be considered when
interpreting these results. First, as has been noted elsewhere, there is likely
inconsistency in the rate at which incidents are reported, and this inaccuracy may not be
uniform across age groups (e.g., NHTSA, 2004; 2006a; 2009). For example, because
older adults are more likely to be injured in what would be considered minor collisions,
the rate of reporting of incidents involving older pedestrians may be higher than for
those involving younger pedestrians. Second, due to the small size of the data set, it is
uncertain whether these estimates are an accurate reflection of the true rate at which
parking lot collisions occur. In a small data set, inaccuracies in the rate of reporting are
more likely to influence the precision of risk estimates. Third, there were a significant
number of hit and run incidents in the current data set; out of 1394 cases, there were
232 where drivers left the scene, a rate of about 17%, meaning that estimates of the
rate at which drivers of different ages were involved in collisions is based on fewer
cases overall than were estimates for pedestrians.
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Figure 11. Average number of incidents per 1,000 population of drivers' and
pedestrians' involvement in parking lot crashes by age group.
*Based on aggregate population estimates for the five counties included in the data set.
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Figure 12. Average number of incidents per 1,000 population of drivers' and
pedestrians' involvement in parking lot collisions where pedestrians sustained fatal or
incapacitating injuries by age group.

* Based on aggregate population estimates for the five counties included in the data set.

Driver Action When Collisions Occurred

In the current data set, parking lot collisions involving pedestrians were most likely to
occur when the driver was either backing or driving forward, with these two types of
crashes accounting for 76% of all incidents included in the current data set (see Figures
13 and 14). When incidents where a pedestrian died as a result of their injuries were
examined separately, a similar pattern was observed (see Figure 15).
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As noted earlier, most crashes in the current data set occurred when the driver was
either backing or driving forward through a parking lot. We examined whether drivers of
different ages tended to be involved in different types of crashes. For example, because
older adults are less likely to turn their head to check behind their vehicle before
backing, relying primarily on mirrors, it is possible that they are more likely to be
involved in backing crashes (Dawson et al., 2010). However, based on the current data
set, there is no evidence suggesting that older drivers are more likely to be involved in
backing crashes compared to other age groups (see Table 7).

Table 7. Number of total incidents for drivers in each age group by driver action at the
time of the crash.

Age Group Backing Forward Total X? p
Incidents
9 years and under 1 0 1 n/a n/a
10 to 14 years 3 2 5 .20 1.0
15to 19 years 28 42 93 2.80 A2
20 to 24 years 45 45 115 n/a n/a
25 to 44 years 139 120 356 1.34 1.0
45 to 64 years 137 119 323 1.27 1.0
65 to 74 years 47 38 110 .95 1.0
75 years and up 55 63 148 54 1.0
Total 455 429 1151

* Bonferroni adjusted p values
** Due to the number of cases where the driver left the scene before the police arrived, there
were fewer cases where the driver’s age was known.
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Table 8. Number of total incidents for pedestrians in each age group by driver action at
the time of the crash.

Age Group Backing Forward Total X? p
Incidents
9 years and under 31 58 108 8.19 .03
10 to 14 years 7 34 49 17.78 <.001
15to 19 years 41 61 133 3.92 .38
20 to 24 years 39 40 93 .01 1.0
25 to 44 years 164 123 371 5.86 A3
45 to 64 years 119 110 317 .35 1.0
65 to 74 years 42 36 111 46 1.0
75 years and up 99 41 181 24.03 <.001
Total 542 503 1363

*Bonferroni adjusted p values

We also examined whether pedestrians of different ages tended to be involved in
different types of crashes. As was true for the overall crash frequency, for severe
crashes, those where a car was driving forward in a roadway or backing, accounted for
75% of incidents. The pattern for severe crashes, which were those where a pedestrian
sustained either a fatal or incapacitating injury, was similar to what was observed for the
overall frequency of crashes (see Table 9). Younger pedestrians were more likely to be
injured in crashes where a vehicle was driving forward, while older pedestrians were
more likely to be injured in a crash where a vehicle was backing.

Table 9. Number of incidents where pedestrians sustained fatal or incapacitating injuries
by age group and driver action at the time of the crash.

Age Group Backing | Forward Total X? p
Incidents
9 years and under 9 15 27 1.50 1.0
10 to 14 years 1 6 8 3.57 A48
15to 19 years 3 7 17 1.60 1.0
20 to 24 years 3 10 14 3.77 40
25 to 44 years 24 19 56 .58 1.0
45 to 64 years 18 15 53 27 1.0
65 to 74 years 11 10 26 .05 1.0
75 years and up 27 15 51 3.43 A48
Total 96 97 252

*Bonferroni-adjusted p values
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Number of Cases by Parking Lot Type and Size

Out of the total cases that could be coded, the number of collisions in which a
pedestrian was seriously or fatally injured was highest for residential parking lots (see
Table 10), which is consistent with other, larger scale studies (e.g. NHTSA, 2008).
Although the slightly elevated risk for serious crashes in these types of parking lots may
be due to our relatively small sample size, there are some noteworthy features of
residential parking areas that could make them risky pedestrian environments. For
example, residential parking lots are especially likely to be “multi-use” areas. Another
unigue feature of many of the residential lots examined in the current study is that they
tended to have winding, irregularly shaped roads and parking areas, as opposed to the
rectangular, grid-like layout common in the parking lots of most businesses (see
Appendix D for examples of residential lot layouts). In the current data set, there was
some evidence that fatal incidents were also more likely to occur in gas station parking
lots. It is possible that these smaller, relatively busy, multipurpose spaces are
particularly hazardous for pedestrians. Due to the small number of cases in the current
data set, it is not possible to conduct analyses that allow precise estimates of the rate of
collisions as a function of parking lot type. However, based on the overlap between our
findings and those of larger scale studies, it seems likely that fatal and severe incidents
are more common in these types of lots.

Table 10. Number of coded incidents by severity and lot type.

Lot Type Inc. Injury Fatal All Other | Total | Percentage
Injury | Incidents Fatal
Retail 79 8 420 507 1.6%
Non-Retail Business 34 1 125 160 .6%
Fast Food 2 0 20 22 0%
Residential 11 3 43 57 5.3%
Unmarked Parking 1 0 6 7 0%
Gas Station 10 2 69 81 2.5%
Other 3 0 12 15 0%
Total 140 14 695 849 1.7%

We also examined pedestrian risk as a function of lot size by dividing lots into three
different size categories (see Figure 17, Table 11). Based on the current sample
consisting of the 781 cases where an open aerial view of the parking lot was available,
small parking lots seem to have an elevated risk of fatal injuries to pedestrians
compared to medium and large parking lots. Although there were nearly the same
number of small and medium sized parking lots, a greater number of incidents involving
a fatality occurred in smaller lots (see Table 12). However, due to the small number of
fatal incidents overall, it is uncertain whether this difference actually reflects a true
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difference in the number of fatal incidents in small versus large or medium sized parking

lots.

Table 11. Parking lot size categories.

Median Number of Spaces’
Lot Size Area Regular Handicap
Small Under 100,000 ft* 38 2
Medium 100,000 to 2,000,000 ft* 551 17
Large Over 2,000,000 ft* 5402 98
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Figure 16. Total area for small, medium, and large parking lots.

Parking Lot Size

! The number of parking lots for which parking space counts could be determined is smaller than the
number for which total area was available, as some parking lots had heavy tree cover that prevented an
accurate count of the number of parking spaces. In addition, many parking areas, particularly smaller lots,
had poorly marked spaces or had spaces marked with only a painted symbol or sign. When cars were
parked in spaces, these handicap spaces may not have been counted, increasing the amount of error in
space counts for smaller lots.
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Table 12. Number of cases by business type and lot size.

Small Medium Large
Retail 154 312 24
Non-Retail Business 89 57 0
Fast Food 21 1 0
Residential 9 15 0
Unmarked Parking 0 1 6
Gas Station 71 4 0
Other 4 8 5
Total 348 398 35

Table 13. Number of cases by lot size and severity of injury to pedestrian.

Fatal | Inc. Non Inc. | No Possible | No Total
Injury Injury Injuries | Injury Data
Small 5 61 141 29 110 2 348
Medium 3 61 153 31 150 0 398
Large 0 4 14 4 13 0 35
Total 8 126 308 64 273 2 781

*Inc. means incapacitating injuries.
Physical Features of Parking Lots and Crash Frequency

Parking Space Type: One feature of parking lots coded in the current study was
whether lots had straight, angled, parallel parking spaces, or a mixture of several types.
It is plausible that the type of spaces in a lot may have some influence on the type and
frequency of crashes. For example, while angled spaces may improve flow through
parking lots, drivers may also tend to back out of angled spaces more quickly than they
would from a straight space, increasing the chances of being involved in a collision with
a pedestrian.

They type of parking spaces could be determined for a total of 814 parking lots. Based
on our GIS coding of these parking lots, we identified six different types of lots: Those
with only angled spaces, only straight spaces, a combination of angled and straight, a
combination of straight and parallel, those where all three types were represented, and
those with unmarked spaces (e.g., grass parking area). Although it would be informative
to know whether incidents were more common in parking areas that had one type of
space versus another, because the base rate of each type of parking space in the five
counties included in the data set is unknown, such analyses cannot be conducted.
Instead, we examined differences in the type and severity of crashes for parking lots
with each type of space. The frequency of severe crashes was fairly constant across all
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lot types, suggesting that parking space orientation has a negligible influence on the
severity of crashes (see Table 14).

Table 14. Crash severity by parking space type.

Severe Minor Total el
Severe
Angled 9 40 49 18%
Straight 76 327 403 19%
Angled & Straight 42 234 276 15%
Straight & Parallel 5 19 24 21%
All 3 Types 4 37 41 10%
Unmarked 5 16 21 24%
Total 141 673 814

Also of interest in the current study was whether the types of crashes that occur differed
as a function of parking space orientation. For example, visibility could be more limited
when parking spaces are straight as opposed to angled, leading to a greater risk of

backing crashes in those lots. For this analysis, we examined for each parking lot type

whether the frequency of backing versus forward crashes differed, as those types of
crashes represented the majority of incidents and also tended to be those most likely to
involve a fatal or incapacitating injury to a pedestrian. There was no evidence in the
current data set that the frequency of backing versus crashes where the car was driving
forward differed between parking lots with straight, angled, or a combination of different

types of parking spaces (see Table 15).
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Table 15. Number and proportion of all cases by parking space type and driver action at
the time of the crash.

Number of Cases Proportion of Cases
: All 2 . All

Backing | Forward Other X Backing | Forward Other

Angled 15 17 17 13 30.6% 34.7% 34.7%

Straight 176 144 83 3.2 43.7% 35.7% 20.6%

Angled & |4 95 70 1.2 40.2% 34.4% | 25.4%
Straight

Straight & 8 10 6 22 33.3% 41.7% | 25.0%
Parallel

All 3 19 12 10 1.6 46.3% 29.3% 24.4%
Types

Unmarked 6 9 6 .60 28.6% 42.8% 28.6%

Total 335 287 192 41.1% 35.3% 23.6%

Direction of Aisles: We also coded whether parking aisles were one-way, two-way, or
both directions. This was done based on overhead views of parking lots, such as
whether there were painted arrows on the road surface. For angled lots, it was assumed
that an aisle was one-way if all of the angled spaces were oriented in the same direction.
It is possible that the incidence and severity of crashes is influenced by whether aisles
are one or two-way. For example, one-way aisles reduce the complexity of the driving
environment because traffic would only be coming from one direction, so parking lots
with one-way aisles may be safer than two-way aisles.

Based on the current data set, there was no evidence that the frequency of severe
crashes differed between parking lots with one-way aisles, two-way aisles, or a
combination of both (see Table 16). Again, because the total number of parking lots in
the five counties from which the current data set was drawn that had each type of aisle
is unknown, it cannot be determined whether the observed differences in frequency of
crashes between lot types in the current data set reflects an actual difference in crash
rate.

Table 16. Crash severity by aisle direction.

Severe Minor Total SIS

Severe
One-Way Aisles Only 8 43 51 16%
Two-Way Aisles Only 84 408 492 17%
Combination of both 48 217 265 18%
Could not be determined 114 472 586 20%
Total 254 1140 1394 18%
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Availability of Crosswalks: Crosswalks are included in parking areas with the hope of
increasing the safety of pedestrians as they cross the path of traffic by making areas
where pedestrians are present more conspicuous. Of interest in the current study was
whether or not the presence of crosswalks was associated with reduced crash
frequency overall or at least a reduction in the number of incidents where a pedestrian
sustained fatal or incapacitating injuries. For parking lots where a clear overhead view
was available, either in our GIS software or Google Earth, we coded whether or not
parking areas had crosswalks. Not surprisingly, out of the cases that could be coded, a
larger proportion of medium and large parking lots had crosswalks (see Table 17). It is
likely that the proportion of very large parking lots that have crosswalks is
underrepresented in the current data set, as there were only a small number of large
parking lots. Of those, several were not typical businesses, such as fair grounds and a
car auction lot. The largest retail parking lots, which were most often shopping malls, all
had crosswalks.
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Table 17. Number of parking lots with crosswalks by parking lot size.

No Crosswalks /
Had Crosswalks Unable to Determine Total
Small 48 300 348
Medium 296 102 398
Large 20 15 35
Total 364 417 781

Table 18 shows the number of severe crashes, which were those where a pedestrian
suffered a fatal or incapacitating injury, and minor crashes, which were pedestrians
sustained only minor or no injuries, for parking lots with and without crosswalks. There
was no evidence based on the current data set that suggested significant differences in
the number of severe crashes between parking lots with crosswalks and those without
crosswalks, X? (1, N = 136) = 2.94, p = .09.

Table 18. Number of severe and minor cases occurring in lots with crosswalks
compared with those that did not have crosswalks.

Severe Minor Total Rercent
Severe
Crosswalks 58 307 365 16%
No Crosswalks / Unable to 78 340 418 19%
Determine
Total 136 647 783 17%

Differences in the number of severe crashes were also compared between parking lots
with crosswalks and parking lots without crosswalks for those age groups who were
most likely to be injured or killed in crashes. The number of severe incidents was
equivalent between parking areas with and those without crosswalks (see Table 19).
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Table 19. Number of severe versus minor cases by age group for parking lots with and
without crosswalks.

Parking Lots With Crosswalks

Severe Minor Total Percent
Severe
9 years and under 6 17 23 26%
65 to 74 years 9 32 41 22%
75 years and up 12 48 60 20%
Total
Parking Lots Without Crosswalks
Severe Minor Total Percent
Severe
9 years and under 5 19 24 21%
65 to 74 years 10 22 32 31%
75 years and up 11 39 50 22%
Total

Although the presence of crosswalks was not associated with a lower incidence of
severe crashes overall, crosswalks may reduce the incidence of backing crashes
relative to other crashes because pedestrians may be less likely to walk behind vehicles.
To examine this we compared the number of crashes where a vehicle was backing to
the number of crashes where a vehicle was driving forward between parking lots with
and without crosswalks. This analysis revealed no significant difference in the number
of backing versus forward crashes in parking lots with crosswalks, but a significantly
higher number of backing crashes compared to forward crashes in parking lots where
no crosswalks were present (see Table 19). While this suggests that crosswalks may be
associated with a lower incidence of backing crashes in parking lots, it is important to
note that there were a larger number of small parking lots represented in the sample of
parking areas without crosswalks. It is possible that the difference observed here may
only reflect that difference. To examine this, the number of backing versus forward
crashes in parking lots with and without crosswalks was examined separately for
medium sized and large parking lots only. For medium and large parking lots, there was
no evidence that crosswalks were associated with a reduction in the number of backing
compared to forward crashes (see Table 20).
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Table 20. Number of crashes where the driver was backing versus driving forward for

parking lots with and without crosswalks.

All Coded Cases

Backing Forward X? p
Crosswalks 138 126 .55 .92
No Crosswalks / Unable to 188 145 555 04
Determine
Total 326 271
Medium and Large Parking Lots Only
Backing Forward XZ p
Crosswalks 122 112 43 51
No Crosswalks / Unable to 46 43 10 75
Determine
Total 168 155

*Bonferroni-adjusted p values, taking into account number of comparison tests.

Although there was no evidence that crosswalks were associated with a reduction in

severe crashes or a reduction in the proportion of crashes where a vehicle was backing,
crosswalks may still led to a reduction in backing or forward crashes for pedestrians of

some ages. For example, for older adults who may take longer to cross the roadway,
the increased conspicuity afforded by a crosswalk may reduce the number of forward

crashes in which pedestrians of that age group are involved. Based on the current

results, there was no evidence that the frequency of backing versus forward crashes

differed between parking lots with and those without crosswalks for any age group (see
Tables 21 and 22).
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Table 21. Number of crashes where a vehicle was moving forward or backward by age
group for parking lots with crosswalks.

Age Group Backing Forward Total X? p
Incidents
9 years and under 8 10 23 22 1.0
10 to 14 years 2 5 8 1.29 1.0
15to 19 years 10 16 32 1.39 1.0
20 to 24 years 10 11 25 .05 1.0
2510 44 years 37 27 86 1.56 1.0
45 to 64 years 23 25 80 .08 1.0
65 to 74 years 13 15 41 14 1.0
75 years and up 32 14 60 7.04 .06
Total 135 97 355

* Bonferroni-adjusted p values, taking into account number of comparison tests

Table 22. Number of crashes where a vehicle was moving forward or backward by age
group for parking lots without crosswalks.

Age Group Backing Forward Total X? p
Incidents
9 years and under 6 12 24 2.00 1.0
10 to 14 years 1 6 8 3.57 48
15to 19 years 18 20 49 A1 1.0
20 to 24 years 13 8 25 1.19 1.0
25 to 44 years 67 44 127 4.77 24
45 to 64 years 41 30 92 1.70 1.0
65 to 74 years 11 12 32 .04 1.0
75 years and up 26 11 50 6.08 .08
Total 183 143 407

* Bonferroni-adjusted p values, taking into account number of comparison tests

Conclusions

Based on the coded cases, our findings suggest several conclusions. First, the
frequency of crashes in parking lots was relatively stable in the five counties included in
the data set between 2004 and 2008. We found that the overall frequency of crashes
was highest in December, which would be the time when retail parking lots tend to be
very busy and lowest during June, July, and August. The trend for severe incidents,
those where pedestrians suffered fatal or incapacitating injuries, followed a similar
pattern but differences were smaller in magnitude.

Not surprisingly, we found that parking lot collisions were most frequent between noon
and 6 pm, which are the times that are busiest for most businesses and followed a
similar trend across age groups. However, there was a slight tendency for incidents
involving older adults to have occurred earlier in the day, between 9 am and 3 pm.
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Given that older adults are less likely to hold regular jobs, it is likely that they choose to
shop during the morning hours when stores are likely to be less busy.

This result (in conjunction with the time of day differences) is suggestive that parking lot
traffic may be a mediator of crash frequency, assuming that high tourism months result
in increased traffic in parking lots. Similarly, there were no significant trends for crashes
to vary by day of week. However, time of day was a significant factor in frequency of
injury types, showing similar trends for the two categories of injury type (severe, other).

Consistent with findings that older adults are more likely to be injured or killed in car
crashes compared to their younger counterparts, we also found that pedestrians aged
75 and older were at greater risk of being involved in a serious or fatal collision in
parking lots compared to other age groups, including children aged 9 and under. For
less serious crashes, there was also an elevated risk for pedestrians over age 75, but
there was also an elevated risk for younger pedestrians aged 15 to 19.

Drivers aged 15 to 24 years of age and those aged 75 and older were responsible for a
disproportionate number of parking lot collisions compared to their representation in the
population.

When types of driver activity (backing, forward, type of turn, etc.) are examined, most
cases involve backing up or driving forward in the parking lot and the trends are similar
for serious and less serious injuries. However, pedestrians age 25-44 and older
pedestrians age 75+ are more likely to be involved in a crash associated with a vehicle
that is backing up. Children aged 19 and lower show the reverse pattern.

Finally, the type of parking lot was associated with crashes. Smaller and medium lots
experienced more crashes than large lots, despite the greater amount of traffic that
large lots are likely to experience per unit time that they are occupied. However, without
a count of the total number of lots of different sizes in these counties, it is difficult to
argue for a greater risk associated with small and medium lots. What we can say is that
given that there was a crash at some time on a lot in these counties, small and medium
lots are riskier in terms of the severity of the crash. It seems likely that smaller lots will
have less effective separation of drivers and pedestrians in lanes and crossing zones
than is the case for better-planned large lots in shopping malls.

Task 1 did not reveal evidence that crosswalks reduced the number of crashes where
pedestrians sustained fatal or incapacitating injuries, nor was there evidence that
crosswalks were associated with a reduction in the number of backing crashes relative
to crashes where a car was driving forward. However, there are a number of cases
where no benefit was found. First, it may be that parking lot collisions are less frequent
at roadway crossings, tending to happen most often in the parking aisles. Based on
some of the narratives from police reports, this seems likely. Also, we did not find any
evidence that crosswalks benefitted older pedestrians, the age group most likely to be
seriously injured in parking lot collisions. Again, this is likely because more crashes
occur in parking aisles, as opposed to crossing roadways between the parking area and
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the front of stores. Finally, another likely reason we did not find any benefit of
crosswalks is because pedestrians may not make frequent use of crosswalks when they
are provided.
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Chapter 3.

Task 2: Observational Studies of Pedestrian Behavior in Leon County
Parking Lots.

Because the police narratives examined in Study 1 rarely provided any information
about what pedestrians were doing prior to crashes, we were not able to make any
strong inferences about age differences in behavior in parking lots. Older pedestrians’
increased risk of being involved in crashes where a vehicle was backing may be due to
their greater tendency to walk closer to the backs of parked vehicles. Because older
adults are more likely to have mobility issues and also to fear falling (Vellas et al., 1997),
as they have a greater risk of being injured in a fall, older pedestrians may walk closer

to the back of parked vehicles so that they will have something to grab onto should they
stumble while walking. However, walking closer to the backs of parked vehicles could
put older pedestrians at increased risk of being involved in a backing crash for several
reasons. First, as older adults are often smaller in stature, on average, compared to
younger adults, they may be less visible to drivers who are backing (Ogden et al., 2004).
Second, older adults are slower to both notice and react to potential hazards, meaning
that they would require additional time to safely move out of the way of a backing

vehicle (e.g., Borowsky et al., 2010). Both of these reasons suggest older adults would
be safer if they walked further from, not closer to parked vehicles.

To examine age differences in walking path preference, in Study 2 we observed older,
middle-aged, and younger pedestrians as they navigated parking lots in the Tallahassee
area, with special attention to pedestrians’ overall strategy for navigating parking lots
and coping with potential hazards. For example, we not only recorded the path
pedestrians took from their car to the store, we also recorded instances where
pedestrians stopped or adjusted their path to avoid a backing vehicle or other hazard.

Another question raised in Study 1 was whether the failure to find any benefit of having
crosswalks available may have been, at least in part, due to pedestrians not making use
of crosswalks. To further explore this, we also recorded whether pedestrians used
available crosswalks when crossing the roadways between parking areas and stores.

An issue that may contribute to parking lot collisions, perhaps more so now than it has
in the past, is driver and pedestrian distraction. With the popularity of mobile phones
continuing to increase with people of all ages, we could see changes in pedestrian
behavior related to distraction (see Nagamatsu et al., 2011; Neider et al., 2011). To
examine this, in Study 2 we also recorded whether the pedestrians we observed were
using mobile phones or engaging in other potentially distracting activities, such as
talking with another pedestrian or pushing a shopping cart, while traveling through
parking lots.
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Method

Materials

Initially, we made use of a custom-programmed Tablet-based interface to code parking
lot behavior. However, we discovered a serious programming error during data
collection, so switched to a paper and pencil interface that provided the observer with a
map of the parking lot being coded.

Procedure

We collected observational data from a total of four locations and partial data from a fifth
location (see Figure 17, Table 23). Of the six locations we originally planned to observe,
written permission for one location could not be obtained and permission from a second
location was delayed so that we only had time to schedule a single observation session
for that location.

Penny, La

hee

Figure 17. Map showing locations observed for Task 2.
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Table 23. Number of observations by age group from each location.

Loc # | Large, Angled Parking Younger | Middle | Older | Total
1 Winn-Dixie, 111 S. Magnolia 46 72 42 160
Large, Straight Parking
2 Wal-Mart, 4021 Lagniappe Way 49 42 47 138
3 Target, 2120 Apalachee Pkwy. 19 16 3 38
Small, Straight Parking
4 Walgreen’'s 1202 N. Magnolia Dr. 56 68 48 172
5 Walgreen'’s, 2349 N. Monroe St. 42 44 52 138
Total 212 242 192 646
Coding Scheme

Based on a series of pilot observations sessions and also drawing from information
gained in our analysis of crash reports in Task 1, we developed a list of behaviors to
observe in Task 2. Table 24 lists the items that were coded by the observers. In addition
to each of these, coders also drew each pedestrian’s path through the parking lot on an
image showing an overhead view of the parking lot. Figure 18 shows sample data from
10 different pedestrians (data was combined from separate sheets).

Observer Training

To ensure that observations were as accurate as possible, all observers were given
extensive training on the coding scheme. First, observers were given a “study guide”
showing all of the items on the coding scheme and their precise definitions. Then, to
help familiarize them with the coding scheme, observers completed at least two practice
observation sessions. Following the practice sessions, observers were tested on their
knowledge of the coding scheme. The test consisted of four videos of a pedestrian
walking through a parking lot. Observers coded the pedestrian’s actions, which were
scored for accuracy. Observers were given feedback on their coding accuracy, and
additional training was provided if necessary.

In contrast to some previous observational studies of pedestrian behavior (e.g. Huang &
Zegeer, 2000; 2001), age differences in pedestrian behavior were a focus of interest in
the current study. Coders were instructed to estimate pedestrian age, as this technique
has been used in a number of other published studies (Singer & Lerner, 2005; Hatfield
& Murphy, 2007; Stollof, McGee, & Eccles, 2007; Kim, Brunner, & Yamashita, 2008;
Rosenbloom, 2009). Although we did not give our coders highly detailed instructions on
estimating pedestrian age, past work has found that observers’ estimates of age
correlate highly (r = .90) with actual age (Koepsell et al., 2002).
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Table 24. Categories coded in the Task 2 observational study.

ltem Definition
Age Group Apparent age group of pedestrian (younger, middle, older)
Destination Whether pedestrian was walking to their car or to the store.
Scanning Whether pedestrian was visibly looking to the left and right,
straight ahead, or both.
Cart Whether pedestrian had a cart. Coded “yes” or “no.”
Distracted Whether the pedestrian was visibly distracted (e.g., cell phone,

interacting with children, etc.). Coded as “yes” or “no.”

Additional Pedestrians

Number of pedestrians walking with the one being coded.

Cars in Lane

Number of vehicles driving down the aisle that pass the
pedestrian being coded.

Number of Stops

Number of times the pedestrian stops or pauses as they are
walking.

Storefront Cars

Number of cars driving by at the front of the store as the
pedestrian crosses.

Backing Vehicle

Vehicle in reverse in pedestrian’s path.

Advancing Vehicle

Vehicle driving forward in pedestrian’s path.

Pedestrian Yields

Number of time the pedestrian yields to either a backing or
advancing vehicle.

Pedestrian Adjusts

Number of times the pedestrian adjusts their walking path due
to a backing or advancing vehicle.

Pedestrian Dodges
Vehicle

“Close call” / “near miss” where the actions of the pedestrian
appear to have prevented a collision.

Vehicle Yields

Number of times a backing or advancing vehicle yields to a
pedestrian.

Vehicle Adjusts

Number of times a backing or advancing vehicle changes its
path to compensate for the presence of a pedestrian (e.g.,
goes around a pedestrian but does not stop).

Vehicle Fast Brake

Number of times a “close call” / “near miss” occurred where a
vehicle stopping appears to have prevented a collision.

Notes

Coder recorded any special circumstances or observations that
were not covered by the coding scheme.
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Figure 18. Example of pedestrians' paths at Winn-Dixie on S. Magnolia Drive.

Observation Sessions

Observers were sent out to each location in pairs, and both coders observed the same
pedestrian from different vantage points. This was done so that we could be more
confident that the information recorded was accurate. Coders were instructed to position
themselves in unobtrusive locations near the front of the store and to communicate with
one another only to indicate which pedestrian they would observe. Observations were
collected over several sessions, with the number of observation sessions per location
varying between one and four sessions. Observers collected between 20 and 30
observations per session. Observation sessions for each location continued until we
had observed at least 20 younger, 20 middle-aged and 20 older pedestrians. We could
not collect complete data from one location, Target on Apalachee Parkway, due to
delays in receiving approval from the parking lot owner to conduct observations.

Results

Surprisingly, our analysis of crash reports for Task 1 did not find any evidence that the
presence of crosswalks in parking lots was associated with a lower risk of crashes or in
a reduction of any specific type of crash (e.g., those where cars were backing compared
to driving forward). One reason we may not have found a difference is because
pedestrians did not make use of crosswalks when they were available. This would be
consistent with other work examining crosswalk use at intersections (e.g., Zegeer et al.,
1983; Huang & Zegeer, 2000). In the current study, we examined pedestrians’ use of
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crosswalks across the parking lots we observed. Further analyses also looked at age
differences in the use of crosswalks, as well as in other types of risky behaviors (e.qg.,
cutting through empty parking spaces, walking close behind parked vehicles).

Pedestrians’ Use of Crosswalks

All of the locations observed in the current study had crosswalks available. Overall,
about 55% of the pedestrians observed made use of crosswalks when navigating the
parking lots. However, the rate at which pedestrians made use of crosswalks differed
substantially across locations (see Table 25). The two parking lots with the highest rate
of crosswalk use were Walmart and Winn-Dixie, both of which had fairly large
crosswalks located directly in front of store entrances. Out of the 19 pedestrians
observed at Target on Apalachee parkway, none used the crosswalks. In contrast to the
parking lots at Walmart (see Figure 19) and Winn-Dixie, the crosswalks at Target were
small, and while they were located near store entrances, were only convenient to use
for those parked in the center two aisles (see Figure 20).

Table 25. Pedestrians’ use of crosswalks at each location.

Location Used Crosswalk Did Not Use Percentage Using
Crosswalk Crosswalk

Winn-Dixie, Magnolia 59 18 77%
Walmart, Lagniappe 61 7 90%
Target, Apalachee 0 19 0%
Walgreen’s Magnolia 13 29 31%
Walgreen’s Monroe 0 34 0%
Total 133 107 55%
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Figure 20. 'Overhead view of Target parking lot on Apalachee Parkway

39



Age Differences in Crosswalk Use

Next, we compared the rate of crosswalk use across age groups. Because observers
estimated pedestrians’ approximate age, there were some instances where coders
disagreed about a pedestrians’ age group membership (e.g., one coder classified a
pedestrian as a middle-aged adult and the other classified the pedestrian as an older
adult). Although this was relatively infrequent (38 out of 324 cases), for all analyses of
age differences, only cases where both coders agreed on pedestrians’ age were used
(n = 286). Of those 286 cases, there were 219 where both coders agreed on their
coding, which were included in the final analysis. The overall number of pedestrians
using the crosswalk did not differ between age groups, y* (2, N = 124) = 1.04, p = .59
(see Table 26). The frequency at which pedestrians of different ages used crosswalks
did not differ substantially at any location (see Table 27.

Table 26. Crosswalk use by age group.

Age Group Used Crosswalk Did Not Use Percentage Using
Crosswalk Crosswalk
Younger (n=75) 40 35 53%
Middle (n=79) 42 37 53%
Older (n=65) 42 23 65%
Total 124 95 75%

Table 27. Number of pedestrians who used crosswalks at each location by age group

Location Lot Type Younger | Middle | Older Total v
Winn-Dixie, Magnolia | Large, Angled 14 23 16 53 2.53
Walmart, Lagniappe | Large, Straight 20 17 21 58 .45

Target, Apalachee Large, Straight 0 0 0 0 n/a

Walgreen’'s Magnolia | Small, Straight 6 2 5 13 2.00

Walgreen's Monroe | Small, Straight 0 0 0 0 n/a
Total 40 42 42 124

Overall, pedestrians were significantly more likely to use crosswalks in large compared
to small parking lots, x* (1, N = 124) = 78, p < .001 (see Table 28). This parallels
findings for crosswalk use at intersections, where pedestrians are much more likely to
use crosswalks when there is heavy vehicle traffic (e.g., Zegeer et al., 1983; Huang &
Zegeer, 2000). That is, pedestrians are less likely to expend additional effort to walk to
locations where there are crosswalks if there is very little traffic.

Table 28. Percentage of pedestrians using crosswalks by age group and lot size.

Age Group Large Small
Younger 69% 23%
Middle 69% 10%
Older 86% 23%

Incidence of Risky Behaviors and “Near Misses”
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Fortunately, “near misses,” which we defined as instances where a collision was
avoided through the action of either the driver or the pedestrian, were infrequent in the
current data set. There were no observations of pedestrians having to move out of the
path of a backing vehicle and only a single observation where a pedestrian had to
quickly move out of the path of a forward traveling vehicle (this was an older adult). No
observations of a vehicle having to brake suddenly to avoid a pedestrian were observed
for either backing or forward traveling vehicles.

We also recorded other adaptive behaviors of pedestrians, such as adjusting their path
due to a backing or forward moving vehicle or yielding the right of way to a backing or
forward moving vehicle. These instances were also relatively infrequent compared to
the total number of observations recorded, so no analyses were conducted. Raw data is
presented in Table 29.

Table 29. Frequency at which pedestrians adjusted their path to avoid a vehicle or
yielded to a vehicle by age group.

Behavior Younger | Middle | Older Total
Adjusts path due to forward moving vehicle 1 2 1 4
Yields to advancing vehicle 3 2 5 10
Adjusts path due to backing vehicle 0 5 2 7
Yields to backing vehicle 0 1 1 2

Another behavior that may put pedestrians at risk of being involved in a crash is
distraction. In the current study, pedestrians were not often distracted by other activities,
with observers noting that only 26 out of the 325 pedestrians observed were distracted.
However, the likelihood that a pedestrian would be distracted differed significantly
across age groups. In the current study, no older pedestrians appeared to be distracted.
However, 18 younger adults and 8 middle-aged adults appeared to be distracted, most
often using cellular phones, and this differed significantly between younger and middle-
aged adults (x* (1, N = 26) = 3.85, p = .05).

Also of interest was whether distractions changed the frequency of compensatory
behaviors, such as yielding to or adjusting one’s path to avoid a backing or forward
moving vehicle. As expected, distracted pedestrians appear to be less likely to engage
in compensatory behaviors (see Table 30). For example, in the current samples, all
instances where a pedestrian yielded to an advancing vehicle involved pedestrians who
were not distracted by other activities. However, because there were so few
observations per cell where compensatory behaviors occurred, normal chi-square
analyses could not be conducted. Even when collapsing into a smaller set of categories
(forward/backward path adjustment by distracted/not distracted) and using a Fisher’'s
Exact Test statistic, no significant relationship was observed (p 2-tailed = .24).
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Table 30. Frequency at which pedestrians adjusted their path to avoid a vehicle or

yielded to a vehicle by age group.

Behavior Distracted Not Total
Distracted
Adjusts path due to forward moving vehicle 0 5 5
Yields to forward moving vehicle 0 11 11
Adjusts path due to backing vehicle 1 2 3
Yields to backing vehicle 0 2 2

Pedestrians’ Walking Paths Through Parking Lots

In the Task 1 archival data analysis, we found that older adults were more likely than
younger and middle-aged adults to be involved in a parking lot crash where a vehicle
was backing. For example, one hypothesis for Task 2 was that older adults walk closer
to the back of parked vehicles, which they may do so that they are further from vehicles
driving down the aisle or so that they can use parked vehicles to steady themselves
should they stumble while walking. However, walking closer to the backs of parked
vehicles may make older adults less visible to drivers who may be backing and would
allow for less time for both drivers and pedestrians to react to hazards. To examine this,
we observed pedestrians’ walking paths and made note of how far they chose from the
back of parked cars. Cases were only included in the analysis if both coders’ included
path information, occasionally a coder would forget to record this, and if there was a
high degree of correspondence between the path information that was recorded. Table
31 shows the number of observations from each age group for which path information
was available.

Table 31. Number of cases from each age group where complete walking path
information was recorded.

Age Group Total Cases Cases With Path Info
Younger 94 74
Middle 104 80
Older 88 62

In the current study we recorded the approximate distance between the pedestrian and
parked vehicles by having coders draw pedestrians’ path on a map of the parking lot
and indicate the part of the lane in which the pedestrian was walking. Figure 21 shows
the four lane positions coded in the current study. Lane position 1 was defined as taking
a path through empty spaces, which could be considered a high risk behavior. Lane
position 2 was defined as being within arm’s reach of a parked vehicle, while lane
position 3 was defined as near parked cars but not within arm’s reach of parked
vehicles. Finally, lane position 4 was defined as being in the center of the aisle.
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Figure 21. Lane position coding.

One factor that could influence our analyses of age differences in pedestrians’
preference to walk closer to the backs of parked cars is that older pedestrians are more
likely to be parked in handicapped spaces. Indeed, although relatively few pedestrians
observed in the current study were parked in handicapped spaces, significantly more
older pedestrians were observed either coming from or going to a car parked in a
handicapped space, X?(2) = 8.24, p = .02 (see Table 32). Because pedestrians parked
in handicapped spaces would spend only limited time traveling through the parking
aisles, these pedestrians were excluded from walking path analyses. Separate analyses
for those parked in handicapped spaces were not conducted because there were too
few cases.
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Table 32. Number of pedestrians from each age group who were parked in a

handicapped space.
Age Group Parked in Handicapped Space
Younger 4
Middle 6
Older 15

A Kruskal-Wallis test was conducted to determine whether there were differences in the
number of times pedestrians of different ages used each lane position (see Table 33).
These analyses revealed no large differences in the frequency at which pedestrians
used any of the lane positions. Differences were only observed for lane position 4 in
large parking lots, and even these were relatively small and were not in the expected
direction: Older and younger pedestrians used lane position 4 more than middle-aged
adults.

Table 33. Average frequency at which each lane position was used by age group for
pedestrians not parked in handicap spaces.

Large Lots
Lane Position Younger Middle Older X2 p’
Position 1 .09 14 .28 2.21 .88
Position 2 75 .67 .90 2.42 1.0
Position 3 .50 .39 .28 2.81 1.0
Position 4 1.61 1.04 1.34 10.61 .02
Small Lots
Lane Position Younger Middle Older X2 p’
Position 1 31 41 27 .99 1.0
Position 2 1.23 .84 1.07 5.55 .24
Position 3 .04 .03 .03 .02 1.0
Position 4 .69 .50 .57 2.15 1.0

* Bonferroni-adjusted p values, taking into account number of comparison tests

One reason we may not have found age differences in pedestrians’ walking path
choices may be that pedestrians all walked very different paths overall, most of which
were not in a straight line. For this reason it was difficult to obtain a pure measure of
participants’ “comfort zone” when walking in the parking aisle (refer back to Figure 19).
For this reason, this aspect of walking path information will be more accurately gauged
in Task 3, where all pedestrians will be walking the same distance from the same start
and end points.
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Conclusions

In summary, putting together the data from the parking lot crash data set, showing older
pedestrians at greater risk from backing up crashes than other age groups, and data
from this observational study, we can draw some tentative conclusions. Although older
adults are at greater risk for backing up crashes and, presumably, would be safer if they
chose crosswalks and kept their distance from parked, potentially backing vehicles, they
apparently do not do so at a greater frequency than do other pedestrians. However, in
terms of avoiding distraction it appears that older pedestrians do a better job than do
their middle-aged and younger counterparts. Such results suggest that any educational
campaigns to improve parking lot safety need to be targeted to the types of risks that
different age groups incur. Younger and middle-aged pedestrians appear to need to be
warned about distraction during navigating, whereas older pedestrians appear to need
to be warned about the risk of backing-up collisions.
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Chapter 4.

Task 3: Precise Monitoring of Perception and Attention Differences in
Pedestrians.

Although Task 2 yielded some useful findings, these were of limited use in accounting
for the perceptual and cognitive variables that are likely responsible for injuries and
deaths of pedestrians in parking lots. At the core of efficient behavior while navigating
in constantly changing environments, such as busy parking lots, is the ability to visually
perceive the environment, pay attention to the most relevant information, and engage in
behavior that maximizes safety while keeping track of potential hazards. Perhaps the
best way to obtain data on these aspects of perception and navigation is the precise
monitoring of eye movements in real life traffic situations. The last two decades have
seen dramatic progress in eye-tracking technology, now for the first time allowing for the
relatively unobtrusive collection of accurate data with walking participants (see one of
the best technical solutions at http://www.smivision.com/en/gaze-and-eye-tracking-
systems/products/iview-x-hed.html). Several recent publications have focused on the
perception of hazards during dynamic traffic situations, focusing on perception, attention
and multitasking. To give a few examples, Huestegge et al. (2010) examined the
dynamics of detecting a collision hazard and responding by taking evasive action,
whereas Borowsky et al. (2010) characterized age-related limitations in hazard
awareness during driving. Using eye-tracking methodology has become state of the art
in major traffic research institutions around the world. However, the present literature,
while very informative, is limited to data collected exclusively from a driver’'s perspective,
with pedestrians primarily seen as a potential hazard.

Building on recent advances in both technology and research theory, we used portable
eye-tracking technology to record gaze positions and durations while pedestrians
navigated two parking lots on the Florida State University campus. The recordings
included a video of the scene with eye movements superimposed, enabling us to
monitor pedestrian behavior holistically, combining navigational behavior with
perception. Based on these data, we conducted analyses to address several key
guestions:

1) How do pedestrians scan the parking lot environment in front of them within their
immediate “forward cone” area (Kitazawa & Fujiyama, 2010) vs. more distant parts of
the visual field?

2) How much attention is given by pedestrians to relevant vs. irrelevant areas and
objects within the current scene? This includes specifying the proportions of time spent
looking at stationary objects (e.g., parked cars) in anticipation of potential hazards.

In this study, eye movements were monitored to determine participants’ allocation of
attention. Attention acts like a filter, determining which aspects of a scene are
processed and reach conscious awareness (Mack & Rock, 1998). A consistent finding
is that salient and important events go unnoticed when attention is allocated elsewhere
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(e.g., Simons & Chabris, 1999). Thus, if older adults are allocating their attention
differently as they navigate parking lots this might explain their greater risk. Recent
work suggests that older drivers’ increased risk of crashes at intersections can largely
be explained by differences between younger and older adults in their strategic
allocation of attention, and that through training, older adults can improve their
attentional allocation and reduce their crash risk (Pollastek et al., 2012). If similar
differences in the allocation of attention to safety-critical events are observed in parking
lots, this might explain the differential crash risk of older adults and suggest training
programs to reduce inefficient attentional strategies.

Method

Participants

A total of 66 participants recruited from the Tallahassee, FL area, 32 middle-aged adults
(mean age = 57.7 years; SD = 3.7) and 34 older adults (mean age = 71.1 years; SD =

4.6) completed Task 3 (see Table 34). Participants were paid $25 for the experimental
session.

Table 34. Participants in Task 3.

Males Females Total
Middle 14 18 32
Older 17 17 34
Total 31 35 66
Materials

For this study we used a SensoMotoric Instruments (SMI) iViewX™ HED mobile eye

tracker to record participants’ eye movements during the study

(http://www.smivision.com/en/gaze-and-eye-tracking-systems/products/iview-x-hed.html,

see Figure 22). Eye movement data was recorded by a Lenovog ThinkPad X200s
subnotebook computer that was carried by participants in a small backpack.
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Figure 22. Head-mounted mobile eye tracker.

Procedure

For this task, participants wore a mobile eye-tracking device and navigated two parking
lots on the Florida State University campus. At the beginning of the experimental
session, participants were outfitted with the mobile eye-tracking unit, which recorded
what participants saw, as well as where their eyes were directed as they navigated the
parking lots during the experiment (see next section for additional detail about the eye-
tracking setup procedure). Participants were given an opportunity to become
accustomed to walking with the eye-tracking unit and were encouraged to test out their
range of motion while wearing the tracker. Next, an experimenter accompanied the
participant to the parking area behind the psychology building. The experimenter
instructed the participant to walk to the northeast corner parking garage where they
would be greeted by a second experimenter (see Figure 23). Due to the eye tracker’s
unreliable performance in direct sunlight, eye-tracking data was not collected during this
phase of the experiment, but the participants’ chosen path through the parking area was
recorded and coded, as was done for the Task 2 observational study.
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Figure 23. Open parking lot that was used for the Task 3 field study.

The second phase of the experiment, during which eye movements were recorded, was
conducted in the parking garage. Upon being greeted by the experimenter stationed in
the garage, the eye tracker setup was rechecked and recalibrated if necessary. Next,
participants were asked to walk to a traffic cone setup approximately 105 feet down the
parking aisle and then return to the experimenter. Because the experiment was
conducted during normal business hours, participants were always reminded to remain
alert for hazards, as they would in any other parking area. When the participant reached
the 5™ parking spot, the experimenter signaled a second experimenter waiting in a
vehicle to put the vehicle in reverse so that the backup lights were illuminated but did
not actually back the vehicle (see Figure 24). In addition to eye movement data, an
experimenter also recorded participants’ chosen path to the cone and made notes of
any compensatory behaviors, such as participants changing their path to avoid the
potential threat of the backing vehicle.
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Figure 24. Diagram of garage parking area used for the Task 3. field study.

Eye Tracker Calibration

One issue common to all eye-tracking systems is that the degree of accuracy in
recorded information depends critically on the quality of the equipment’s calibration.
Stationary eye-tracking systems, which are the most common type, require that
participants remain at a fixed distance from the stimulus being presented, and the
equipment is calibrated to that distance. However, in the current study, a mobile eye
tracker was used. Because participants were moving, and the distance of stimuli from
the participant varied, we chose a calibration distance that allowed reasonable accuracy
of tracking of far objects, those that were between 10 and 20 feet away, as this
corresponded with a distance of about one to two parking spaces ahead of the
participant.

After participants were outfitted with the eye tracker, the initial calibration of the
equipment was done in the hallway outside of the laboratory. Participants were asked to
fixate on 5 different points during the calibration sequence, which were pointed out
using a laser pointer (see Figure 25). After the calibration sequence was completed, the
experimenter verified the accuracy of the setup by asking the participant to look at
different objects in the hallway. If the calibration was unsatisfactory, the procedure was
repeated.

Every effort was made to select participants who were likely to be good candidates for
eye-tracking experiments, as certain types of vision problems make it difficult or
impossible to track a person’s eye movements (e.g., bifocals, cataracts). However,
some participants arrived with visual problems, such as cataracts, that had not yet
received a clinical diagnosis of certain problems. As a result, there were a number of
participants whose eye-tracking data could not be included in analyses. An exact
breakdown of the number of participants with valid data is given in the results section.
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Figure 25. Area used to calibrate eye tracker.

Table 35. Variable descriptions.

Variable Description

The time in milliseconds between the
moment the back-out vehicle’s reverse

Reaction Time lights activated and the moment when the
participant gazed upon the back-out
vehicle.

The number of parking space participants

Stop Distance gave between themselves and the back-

out vehicle if the stopped for it.

The total number of 90-degree head turns
Total Head Turns participants made while traversing the
outside parking lot.

If the participant stopped and waited to

Back-Out Vehicle Stop see if the back-out vehicle to pull out.

If the participant used any of the

Crosswalk Use crosswalks in the outside parking lot.

The speed in feet per second at which

Walking Speed participants walked down the aisle.
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Data Coding

Unlike laboratory-based eye-tracking studies in which both the participant and the
stimuli they view are stationary, fairly extensive data processing was required to be able
to examine participants’ allocation of visual attention while navigating the parking area.
Much of this involved selecting “areas of interest” (AOIs) for each video that represented
key features of the parking area, such as the cars on the right and left sides of the
parking area, as well as the vehicle that was the “backing threat” (see Figure 26).
Because the mobile eye-tracking unit recorded participants’ eye movements
superimposed over video (see Figure 27), it was necessary to specify areas of interest
individually for each participant.
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Figure 26. Screen capture showing areas of interest.
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Figure 27. Screen capture showing fixations and scan paths from mobile eye-tracking
video.

Results

Beyond the issues that arose with the calibration of the eye-tracker (see above), data
attrition was also caused by video failure, occlusion of the back-out vehicle, and odd
strategies taken by participants (e.g., walking in front of the back-out vehicle).
Therefore, the number of participants used in some analyses will differ.

Participants’ Parking Lot Navigation Strategies in the Open Lot

For the open parking lot, data from 32 middle and 33 older-aged adults were used in the
analyses. Data from one older participant was lost because no video was recorded
during the open lot portion of the experiment.

In the current study, we were interested in age differences in visual search strategies
that could contribute to older adults’ greater risk of being involved in a parking lot
collision involving a backing vehicle. One factor that may differ between older and
middle-aged adults is the frequency at which they look left and right, as older adults
have been noted to do this less frequently in other contexts. To examine this in the
current study, we watched the scene video recorded by the mobile eye tracker and
coded the number of times pedestrians looked left or right. Overall, in the open parking
lot, there was no substantial difference between middle and older-aged adults in the
number of head movements made, {(63) = -.13 (see Figure 28). As it may have been
the case that one age group showed a greater amount of dispersion in the number of
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head movements made than the other, we compared the frequency distributions in head
turns of both age groups (Figure 28). As can be seen in Figure 28, the variance in the
number of head turns made by middle-aged participants was slightly larger than that
made by older-aged participants; however, as a caveat, it should be mentioned that this
difference could simply be due to sampling error.
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Figure 28. Bihistogram displaying the frequency distributions for the number of head
turns made by middle-aged and older participants.

We also examined the frequency at which pedestrians made use of the crosswalk when
crossing the open parking lot area. Overall, it was found that older adults did not
substantially differ from middle-aged adults in crosswalk use, X*(1) = .16. Although this
lot was selected because it was not likely to be busy during the hours of 10am and 2pm,
when the study was run, there was occasionally traffic in the lot, so it is likely that our
results are representative of participants’ naturalistic behavior while navigating other
parking lots.

Eye Movement Behavior and Navigational Strategies Used in the Garage

For the parking garage data, participants’ reaction times and stop distances to the back
out vehicle as well as walking speed were each compared between middle and older-
aged adults using a series of two-tailed t-tests while stop frequency was assessed with
a chi-square analysis. For reaction time, data from 12 middle and 13 older-aged adults
were acceptable for analysis, whereas, for stop frequency, data from 32 middle and 33
older-aged adults were acceptable for analysis. Overall, no substantial differences were
found between middle and older-aged adults on reaction time, #(23) = .20, or on the
distances at which participants stopped at for the back-out vehicle to pull out, {38) = -
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1.15. In addition, there was no substantial difference in the likelihood of stopping for the
backout vehicle between middle and older-aged adults, x*(1) = .71 (see Table 36). As
would be expected, there was a difference between middle (M = 4.90, SD = .58) and
older-aged adults (M = 4.28, SD = .63) in walking speed (in feet per second), #(57) =
3.90.
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Reaction Time  Stop Distance Total Head Turns Walking Speed

Figure 29. Effect sizes for the mean differences between middle-aged and older adults
in reaction time, stop distance, total head turns, and walking speed.

*Negative values indicate a superiority of middle-aged adults on the difference. Error bars
represent 95% confidence intervals.

Table 36. Means, standard errors, confidence intervals, and proportions for outside are
of interest data.

Variable Middle Older Mean g?f‘]?eféggg 95% Clofthe N (Middle,
Mean(SE) (SE) (SE) Difference Older)
Reaction Time (ms) 1036 (306) 935 (401) 101 (511) [-954.85, 1157.29] 12, 13
Stop Distance 1.31 (.16) 1.61 (.20) .30 (.26) [-.82, .22] 21,19
Total Head Turns 4.97 (.47) 4.33(.32) 64 (.57) [.49, 1.76] 32, 33
\(/f\|/0a3|;<|ng Speed 490(11)  4.28(11) 62 (.16) [.30, .94] 28, 31
Stopped for Back- oo _ 65606 ves = 57.6% 8.0% 32, 33
Out Vehicle
Used Crosswalk Yes=18.8% Yes=24.2% 5.4% 32,33
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Eye-tracking

Participants’ eye-tracking data was carefully reviewed to determine whether it was
appropriate for inclusion in analyses. A number of participants’ eye-tracking data was
lost due to slipping of the hat on which the tracker was mounted, disrupting the
calibration of the equipment. There were also some participants who, for various
reasons, were simply not able to be setup on the equipment. Table 37 gives the total
number of participants from each age group who had high quality eye-tracking data.
There was no evidence that data loss was unevenly distributed across age groups or

genders.

Table 37. Participants in Task 3 with valid eye-tracking data.

Males Females Total
Middle 8 6 14
Older 8 8 16
Total 16 14 30

We divided the garage into 5 distinct areas of interest (see Figure 30) and then
calculated the proportion of fixations that fell within each area for every participant.
Originally, a finer grained analysis using smaller areas of interest was planned;
however, as we were not confident that the tracking capability on the eye tracker was
accurate enough for these smaller areas, the larger areas were eventually used.
Overall, eye-tracking data from 11 middle and 14 older-aged adults was judged to be of
acceptably high quality and were included in the analysis.

We then compared the proportions in each area for middle and older-aged adults using
a series of two-tailed t-tests. The results of these tests are shown in Table 38 and
Figures 32 and 33. Overall, the area surrounding the back-out vehicle (area 4) and the
center of the aisle (area 5) showed the most substantial differences, with older adults
displaying a proportion that is up to 22 percentage points greater than middle-aged
adults in area 4 (t(25) = -1.7, and middle-aged adults displaying a proportion that is up
to 27 percentage points greater than older-aged adults in area 5 (t(25) = 1.36). Note,
however, that the confidence intervals for these differences include 0 as plausible
values for the differences in the population, indicating that no differences may actually
exist.
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Figure 30. The parking garage separated into the 5 areas of interest (enclosed in red).
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Figure 31. Proportion of fixations made across age groups for each area of interest.
*Error bars represent -/+ 1 standard error of the mean.
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Figure 32. Effect sizes for the mean differences between middle-aged and older adults
for the areas.

*Negative values indicate a superiority of middle-aged adults on the difference. Error bars
represent 95% confidence intervals.
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Table 38. Means, standard errors, and confidence intervals for the area of interest data.

Variable Middle Mean (SE) Older Mean (SE) Dif?greercl;gzlng) giﬁfecrle?]fgze N (g:g;:lle,
Area of Interest 1 (%) 2.33(1.17) 1.97 (.69) .36 (1.30) [-2.33,3.05] 11,14
Area of Interest 2 (%) 8.95 (2.38) 1157 (2.12) 2.62 (3.19) [-9.21,3.97] 11,14
Area of Interest 3 (%) 3.98 (1.26) 2.71(.74) 1.27 (1.39) [-1.60, 4.15] 11,14
Area of Interest 4 (%) 34.55 (4.07) 43.76 (4.53) 9.21 (6.26) [-22.16, 3.74] 11,14
Area of Interest 5 (%) 4454 (6.50) 34.07 (5.78) 10.47 (8.70) [-7.54, 28.75] 11,14

In general, no substantial differences were found between middle and older-aged
participants on most variables; however, older-aged adults walked slower than middle-
aged adults and tended to gaze more often towards the right side of the aisle, which
consisted of a row of vehicles and a back series of columns that allowed visual access
to other parts of the garage. Age-related differences in the proportion of fixations in
areas 4 and 5 may suggest that older adults pay more attention to vehicles they are
walking by as any one vehicle could be a potential threat. In addition, it could be that
the older participants were more captured by the potential threat of the backout vehicle,
whereas, middle-aged adults paid more attention to potential threats coming from the
aisle. Indeed, participants were told that the garage was an active parking lot, and as
such, were likely to expect some traffic in the aisle. Alternatively, participants from both
age groups may have paid the same amount of attention to each area, however,
because of their reduced functional field of view, older participants may have had to rely
more on eye movements to maintain attention. Finally, these differences could simply
come as a result of sampling error and not actually exist in the population. Indeed, the
confidence intervals for areas 4 and 5 include 0 as a plausible value for the population
difference.

Walking Path Information

We recorded information about each pedestrian’s path as they traveled through the
garage, with special attention to the distance at which pedestrians walked from the
backs of parked vehicles. The coding sheet used was draw to exact scale using
measurements taken of the garage area (see Appendix G for sample coding sheet).
Pedestrians’ approximate distance from the backs of cars was estimated by measuring
the distance between the line drawn for a pedestrian’s path and the painted lines for
parking spaces. Measured distances then were converted to estimates of the distance,
in feet, from which pedestrians walked from parked cars (see Figure 34).

For each participant, we computed the average walking distance from the backs of
parked cars for the area before they passed the 5" parking space and the area from the
5" space to the 11" space. Data from one participant was not recorded, and data from
four older participants who used “unconventional” strategies (e.g., walked in front of
parked cars, crossed over into the other lane), and were also statistical outliers, were
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also excluded from the analysis leaving a total of 31 middle-aged and 30 older
participants. As expected, most participants, regardless of age, deviated their path to
increase the distance between themselves and the potentially backing vehicle, F(1,59) =
24, p <.001, 77p2 =.29. However, while there was a slight trend for older adults to walk
about 0.7 feet closer to the backs of parked vehicles before the back out event, F(1,59)
=1.81, p=.18, 77,,2 = .03, both age groups deviated their paths by about the same
amount in response to the back out event, F(1,59) = .87, p = .35, 77P2 = .02 (see Figure

33).

Some participants stopped in response to the back out event, presumably to wait and
see if the driver actually would back up. About the same number of middle-aged and
older participants stopped in response to the back out event (see Table 39). When the
car did not begin backing, participants resumed walking toward the predetermined
destination. One possibility is that participants who did not stop may have deviated their
walking path more than those who did, increasing the distance between them and the
backing vehicle instead of waiting to until it seemed safe to proceed. However, there
was no evidence of this in the current data, as participants who stopped in response to
the backing threat showed about the same amount of path deviation as those who did

not, F(1,61) < 1.

Table 39. Number of participants who stopped or did not stop in response to the back

out event.

Stopped Did Not Stop Total
Middle 11 21 32
Older 14 19 33
Total 25 40 65
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Figure 34. Sample of walking path coding measurements.

Participant Suspicion of Back Out Event

A concern with this or any field study design is that participants do not act as they would
outside the experiment. In the current study, special care was taken to create a task that
captured critical features of participants’ decision processes while navigating parking
lots, however, the fact remains that participants were aware they were being observed.
To be able to assess potential effects of participant suspicion on the current results, we
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asked each participant who completed the study whether they were aware that the
driver of the backing vehicle was one of our experimenters.

Most participants in the current study did not report that they suspected that the backing
event in the current study was part of the experiment (see Table 40). However, there
were a number of participants, including slightly more older adults, who did report being
suspicious. One possible reason for this is that our older adults may have been more
likely to have participated in previous (though unrelated) studies and so have been
more likely to suspect that there was more to the experiment than they were told at the
outset.

Table 40. Participant suspicion by age group.

Not Suspicious Suspicious Total
Middle 26 6 32
Older 22 12 34
Total 48 18 66

*Count also includes participants who were ultimately excluded from analyses.

When participants’ response to the backing threat was analyzed separately for
participants who were suspicious versus those who were not, a slightly different pattern
of results was observed for suspicious participants, which also varied between age
groups. First, for participants who did not report being suspicious, results were very
similar to what was seen overall; participants deviated their path to increase the

distance between themselves and the backing threat, F(1,43) = 15.3, p <.001, np2 = .26,
and this tendency was similar across age groups, F(1,43) = .37, p = .55, 77,02 = .01 (see
Figure 35).
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Figure 35. Average walking distance from parked cars by age group and experiment

phase for participants who did not report any suspicion.
*Error bars show the 95% confidence interval.

For participants who did report that they were suspicious that the back out event was
staged, there was an overall weaker tendency for participants to change their walking
path less in response to the backing threat, F(1,13) = 6.28, p = .03, np2 = .33, and there
was evidence that this tendency may have varied between age groups, F(1,13) = 3.19,

p = .10, 77,,2 = .20. Specifically, middle-aged adults who reported suspicion did not
deviate their path in response to the backing threat, while older adults did do this (see
Figure 36). However, due to the overall small number of participants reporting suspicion,
caution should be used when interpreting these findings.
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Figure 36. Average walking distance from parked cars by age group and experiment

phase for participants who reported suspicion.
*Error bars show the 95% confidence interval.

It is possible that participants who were suspicious that the back out event was part of
the experiment may not have taken the potential threat seriously. However, the
proportion of participants who stopped in response to the back out event was about the
same between participants who reported being suspicious and those who did not report
being suspicious (see Table 41 and Table 42).

Table 41. Participants who stopped in response to back out event by reported suspicion.

Not Suspicious Suspicious Total
Stopped 28 12 40
Did Not Stop 20 6 26
Total 47 18 66
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Table 42. Participants who stopped in response to back out event by reported suspicion.

Not Suspicious

Stopped Did Not Stop Total
Middle 18 8 26
Older 10 12 22
Total 20 28 48

Suspicious

Stopped Did Not Stop Total
Middle 3 3 6
Older 9 3 12
Total 12 6 18

Pedestrians’ Visual Attention During Back Out Event

As mentioned previously, upon encountering the back out event, a little over half of the
participants stopped, presumably to wait and see if the driver was going to back out.
During that time, most participants for whom we had valid eye-tracking data did seem to
be looking at the driver (see Figures 37 and 38).

Figure 37. Sample of fixation data from a middle-aged participant after encountering the
back out event.
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Figure 38. Sample of fixation data from an older participant after encountering the back
out event.

Conclusions

There were remarkably few differences in how middle-aged and older pedestrians
distributed their attention while walking, as indicated by eye fixation patterns. The only
variable that differentiated the way the groups navigated in this fixed path experiment
was walking speed. Perhaps part of the reason for observing so few differences is that
the two groups were not far apart in age (about 13 years). Also, as seen in the prior
observational study, these age groups do not vary much in naturalistic walking behavior.

Previous research has found that older adults tend to search less efficiently compared
to younger adults and have poorer control of their visual attention (e.g., Madden et al.,
1999; Plude & Doussard-Roosevelt, 1989; Scialfa & Joffe, 1997; Zacks & Hasher, 1997).
Based on these findings, one might expect that as older adults navigate parking lots
they would be less efficient searching for and detecting potential hazards, such as
backing vehicles. However, luminance onsets, like the onset of reverse lights, are one
of the most effective means of capturing attention (Boot et al., 2005; Enns et al., 2001;
Irwin et al., 2000; Theeuwes, 1994). Furthermore, some research suggests that
stimulus-driven attentional control (attention capture) is automatic and robust to age-
related differences, while age effects are largely seen in goal-oriented shifts of attention
(e.g., Kramer et al., 2000). Age-invariant capture of attention by luminance onsets is
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consistent with the result that middle-aged and older adults attended to the back out
vehicle just as quickly and just as often.
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Chapter 5. Summary of the Studies

Benefit of the Project

This project has provided relevant data to aid the formulation of policy and
recommendations for the Safe Mobility for Life Program. Some of the findings with
relevant policy implications are:

Task 1.

1) Seasonal variation was seen in crash frequency in parking lots with higher
frequencies in winter and spring, likely associated with tourist influxes to south
Florida.

2) Diurnal variation in crash frequency was found with peaks from noon to 6 pm.

3) Crash risk (per 1000 population) variation for all crashes and serious crashes
with greater risk for younger (age 15-19) and older (age 75+) pedestrians, as well
as for younger (age 20-24) and older (age 65+) drivers.

4) Greater crash frequencies were found in smaller than larger parking lots and in
residential parking lots.

5) No significant variation was seen in crash frequency by parking space angle or
by presence of crosswalks.

6) Greater frequency of backing up crashes occurred for older pedestrians (age
75+) and forward driving crashes for younger (age 14 and below) pedestrians.

Task 2.
1) All age groups (young, middle, old) made greater use of crosswalks in larger
parking lots, though no significant age variation occurred in using crosswalks.
2) No significant age variation was seen in lateral distance to parked cars when
pedestrians were navigating.
3) Greater distracted walking occurred for younger than older pedestrians.

Task 3.
1) Age differences were observed in walking speeds when navigating parking lots
with older pedestrians walking about 0.6 feet/s slower than middle-aged ones.
2) No significant age differences in attention patterns were observed when
navigating parking lots, as indicated by scanning behavior (e.g., head turns, eye
fixation patterns) or in response to a backing out threat (fixation response time,
walking path deviation).
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Specific Recommendations Based on Study Findings

1). Task 1 found that there were crash frequency variations by month and suggest that
potential educational interventions, such as public service announcements, be targeted
to high risk months (winter, spring break) to alert pedestrians (many of whom may be
tourists) to the risks in parking lots and how to navigate safely. Given the greater crash
risk for both older drivers and pedestrians (age 75+ years) and younger drivers (age 20-
24 years) and younger pedestrians (age 15-19 years), educational campaigns could
concentrate on those age bands. Also, given that use of crosswalks did not vary by age
though crash risk did, educational campaigns might wish to try to increase crosswalk
use, particularly for the most at-risk age groups. Finally, given the greater risk to older
pedestrians of backing up crashes, they might be encouraged to give themselves a
greater lateral distance from parked vehicles when walking down an aisle, though this
strategy might leave them at greater risk of being hit by an inattentive forward-moving
driver.

Our studies suggest the most likely reason for the differential crash types in parking lots
for older compared to younger pedestrians probably lies in the speed with which older
pedestrians can react to dangerous events. The main finding to be explained from the
archival data analyses is why older pedestrians are more likely to be seriously injured or
killed in parking lots by cars backing up than by cars moving forward. From study 2,
which observed navigation behavior in parking lots, it was reasonably clear that the
paths pursued were fairly similar as a function of age. In fact, in terms of exposure to
crash risk, it appears that because older pedestrians are more likely to be parking in
handicapped parking spaces, they likely have shorter paths to destinations than other
age groups at least in the larger parking lots we observed. However, given that crashes
may occur at higher frequency in smaller lots, we cannot be confident that older
pedestrian exposure is truly lower. Older pedestrians also seem to be more cautious
than other age groups in terms or risk taking, as evidenced by lower prevalence of
walking while distracted (e.g., by using a mobile phone). Hence, having ruled out path
differences (study 2) and attention allocation differences (study 3), we are left with the
conclusion that speed of responding is the most likely explanation. Evidence favoring
such a conclusion is the slower walking speed (study 3) and the well-known difference
in general speed of information processing for older compared to younger adults (e.qg.,
Jastrzembski & Charness, 2007).

One likely scenario for a backing up crash is that a driver is distracted and fails to notice
a pedestrian in the backup path, perhaps after verifying initially that the path is clear.
The general advice that one should be looking over a shoulder while backing up may be
difficult to follow if there are head mobility limitations (more likely to occur with older
drivers). An alert pedestrian may notice the backup lights and move quickly to evade
the vehicle. An older alert pedestrian may notice the backup lights but not move quickly
enough to avoid a collision. Inattentive pedestrians of any age may fail to register the
backing up vehicle.
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2) Given the problems associated with backing up a vehicle, for driver and pedestrian
alike, it would be useful to encourage drivers to exercise greater caution when backing,
including looking twice and also scanning for pedestrians. Rear backup cameras or
other alerting systems in their vehicles may also prove to be useful, enabling even
inattentive drivers to be alerted to an impending crash. However, the efficacy of these
systems continues to be evaluated (see NHTSA, 2006b), and they should not serve as
a driver’s sole means of detecting hazards while backing (see also AAA, 2007). Future
development and deployment of collision-avoidance technology (e.g., collision detection
coupled with automated braking, autonomous parking for vehicles) may also help to
prevent back-up crashes.

3). As analyses in Task 1 and Task 2 make clear, more research is needed to provide
better metrics of risk for pedestrians in parking lots. By using survey data on driving
behavior, it is possible to compute a risk index such as crashes per million miles driven
for drivers of different ages. It would be helpful to collect data on age-related rates of
navigation through parking lots together with path length (time and distance, given age-
related differences in walking speed) in order to develop a similar index for pedestrian
crashes (such as crashes per unit time of exposure or crashes per mile navigated).

4). Further research should be conducted on how specific design features of parking
lots may contribute to crash risk. Such data might enable parking lot designers to
achieve a better balance between optimization of parking spaces, traffic flow, and safe
separation of pedestrian and vehicle traffic.

70



References

Borowsky, A., Shinar, D., & Oron-Gilad, T. (2010). Age, skill, and hazard perception in
driving. Accident Analysis and Prevention, 42(4), 1240-1249.

Boot, W. R., Kramer, A.F., & Peterson, M.S. (2005). Oculomotor consequences of
abrupt object onsets and offsets: Onsets dominate oculomotor capture.
Perception and Psychophysics, 67, 910-928.

Dawson, J. D., Ergun, Y. U., Anderson, S. W., Johnson, A. M., & Rizzo, M. (2010).
Neuropsychological predictors of driving errors in older adults. Journal of the
American Geriatrics Society, 58(6), 1090-1096.

Enns, J. T., Austen, E. L., Di Lollo, V., Rauschenberger, R., & Yantis, S. (2001). New
objects dominate luminance transients in setting attentional priority. Journal of
Experimental Psychology: Human Perception & Performance, 27, 1287-1302.

Evans, L. (2004). Traffic safety. Bloomfield, Michigan: Science Serving Society.
Federal Highway Administration (FHWA). (2009). Manual on Uniform Traffic Control

Devices (December 2009 edition). Retrieved from:
http://mutcd.fhwa.dot.gov/kno 2009.htm.

Hatfield, J. & Murphy, S. (2007). The effects of mobile phone use on pedestrian
crossing behavior at signalized and unsignalized intersections. Accident Analysis
and Prevention, 39, 197-205.

Huang, H. & Zegeer, C. (2000). The effects of pedestrian countdown signals in Lake
Buena Vista. Report for the Florida Department of Transportation. Available from:
http://www.dot.state.fl.us/Safety/ped bike/handbooks and research/research/C
NT-REPT.pdf

Huang, H. & Zegeer, C. (2001). An evaluation of illuminated pedestrian push buttons in
Windsor, Ontario. Federal Highway Administration Report No: FHWA-RD-00-102.
Available from:
http://www.fhwa.dot.gov/publications/research/safety/pedbike/0102.pdf

Huestegge, L., Skottke, E.-M., Anders, S., Debus, G., & Musseler, J. (2010). The
development of hazard perception: Dissociation of visual orientation and hazard
processing. Transportation Research Part F, 13F(1), 1-8.

Huestegge, L., Radach, R., Kunert, H. J., & Heller, D. (2002). Visual search in long term

cannabis users with early age of onset. Progress in Brain Research, 140, 377-
294.

71



Irwin, D. E., Colcombe, A. M., Kramer, A. F., & Hahn, S. (2000). Attentional and
oculomotor capture by onset, luminance and color singletons. Vision Research,
40, 1443-1458.

Jastrzembski, T. S. & Charness, N. (2007). The Model Human Processor and the older
adult: Parameter estimation and validation within a mobile phone task. Journal of
Experimental Psychology: Applied, 13, 224-248.

Kim, K., Brunner, I. M., & Yamashita, E.(2008). Modeling violation of Hawaii’'s crosswalk
law. Accident Analysis and Prevention, 40, 894-904.

Kitazawa, K., & Fujiyama, T. (2010). Pedestrian vision and collision avoidance behavior:
Investigation of the information process space of pedestrians using an eye
tracker. In W. W. F. Klingsch et al. (eds.), Pedestrian and Evacuation Dynamics
2008, (pp 95-108), Springer: Berlin. doi:10.1007/978-3-642-04504-2 7

Koepsell, T., McCloskey, L., Wolf, M., Vernez Moudon, A., Kraus, J., & Patterson, M.
(2002). Crosswalk markings and the risk of pedestrian-motor vehicle collisions in
older pedestrians. Journal of the American Medical Association, 288(17), 2136-
2143.

Kramer, A.F, Hahn, S., Irwin, D.E., & Theeuwes, J. (2000). Age differences in the
control of looking behavior: Do you know where your eyes have been?
Psychological Science, 11, 210-217.

Macrae, C. S. & Abrams, R. A. (2001). Age-related differences in object- and location-
based inhibition of return of attention. Psychology and Aging, 16, 437-449.

Madden, D. J., Gottlob, L. R., & Allen, P. A. (1999). Adult age differences in visual
search accuracy: Attentional guidance and target detectability. Psychology and
Aging, 14, 683-694.

Mack, A., & Rock, I. (1998). Inattentional blindness. Cambridge, MA: MIT Press.

Maltz, M. & Shinar, D. (1999). Eye movements of younger and older drivers. Human
Factors: The Journal of the Human Factors and Ergonomics Society, 41(15), 15-
25. DOI: 10.1518/001872099779577282.

McPhee, L. C., Scialfa, C. T., Dennis, W. M., Ho, G., Caird, J. K. (2004). Age
differences in visual search for traffic signs during a simulated conversation.
Human Factors, 46, 674-685.

Nagamatsu, L. S., Voss, M., Neider, M. B., Gaspar, J. G., Handy, T. C., Kramer, A. F., &

Liu-Ambrose, T. Y. L. (2011). Increased cognitive load leads to impaired mobility
decisions in seniors at risk for falls. Psychology and Aging, 26(2), 253-259.

72



Neider, M. B., Gaspar, J. G., McCarley, J. S., Crowell, J. A., Kaczmarski, H., & Kramer,
A. F. (2011). Walking and talking: Dual-task effects on street crossing behavior in
older adults. Psychology and Aging, 26(2), 260-268.

National Highway Traffic Safety Administration (NHTSA). (2011). Traffic Safety Facts:
Older Population. (NHTSA Publication No. DOT HS 811 391). Washington, D.C.:
National Highway Traffic Safety Administration. Retrieved from: http://www-
nrd.nhtsa.dot.gov/Pubs/811391.pdf

National Highway Traffic Safety Administration (NHTSA). (2010). Traffic Safety Facts:
Pedestrians. (NHTSA Publication No. DOT HS 811 394). Washington, D.C.:
National Highway Traffic Safety Administration. Retrieved from: http://www-
nrd.nhtsa.dot.qgov/Pubs/811394.pdf

National Highway Traffic Safety Administration (NHTSA). (2009). Traffic Safety Facts:
Not-in-Traffic Surveillance 2007 - Highlights. (NHTSA Publication No. DOT HS
811 085). Washington, D.C.: National Highway Traffic Safety Administration.
Retrieved from: http://www-nrd.nhtsa.dot.gov/pubs/811085.pdf

National Highway Traffic Safety Administration (NHTSA). (2008a). Fatalities and Injuries
in Motor Vehicle Backing Crashes. (NHTSA Publication No. DOT HS 811 144).
Washington, D.C.: National Highway Traffic Safety Administration. Retrieved
from: http://www-nrd.nhtsa.dot.gov/Pubs/811144.PDF

National Highway Traffic Safety Administration (NHTSA). (August, 2007). Use of
advanced in-vehicle technology by young and older early adopters: Results on
sensor-based backing systems and rear-view video cameras. (NHTSA
Publication No. DOT HS 810 828). Washington, D.C.: National Highway Traffic
Safety Administration.

National Highway Traffic Safety Administration (NHTSA). (2008b). National Pedestrian
Crash Report. (NHTSA Publication No. DOT HS 810 968). National Highway
Traffic Safety Administration. Washington, D.C.: Retrieved from: http://www-
nrd.nhtsa.dot.qov/Pubs/810968.pdf

National Highway Traffic Safety Administration (NHTSA). (2006a). Estimation of
Backover Fatalities. National Highway Traffic Safety Administration. Washington,
D.C.: Retrieved
from :http://www.nhtsa.gov/DOT/NHTSA/NRD/Multimedia/PDFs/Crash%20Avoid
ance/2006/NHTSA-2006-25579-0001-2.pdf

National Highway Traffic Safety Administration (NHTSA). (2006b). Experimental
evaluation of the performance of available backover prevention technologies.
(NHTSA Publication No. DOT HS 810 634)National Highway Traffic Safety
Administration. Washington, D.C.: Retrieved from:

73



http://www.nhtsa.gov/DOT/NHTSA/NRD/Multimedia/PDFs/Human%?20Factors/Vi
sibility%20and%20Lighting/Visibility/DOT%20HS%20810%20634.pdf

National Highway Traffic Safety Administration (NHTSA). (2004). Data Collection Study:
Deaths and Injuries Resulting from Certain Non-Traffic and Non-Crash Events.
National Highway Traffic Safety Administration. Washington, D.C.: Retrieved
from: http://www.nhtsa.gov/cars/problems/studies/Nontraffic-
NonCrash/Images/noncrash.pdf

Ogden, C. L., Fryar, C. D., Carroll, M. D., & Flegal, K. M. (2004). Mean body weight,
height, and body mass index, United States 1960 — 2002. Centers for Disease
Control and Prevention. Atlanta, GA: Advance Data from Vital and Health
Statistics, Vol 347. October 27, 2004

Owsley, C., Ball, K., Sloane, M. E., Roenker, D. L., & Bruni, J. R. (1991). Visual /
cognitive correlates of vehicle accidents in older drivers. Psychology and Aging,
6(3), 403-415.

Owsley, C., Ball, K., McGwin, G., Sloane, M. E., Roenker, D. L., White, M. F., & Overley,
E. T. (1998). Visual processing impairment and risk of motor vehicle crash
among older adults. Journal of the American Medical Association, 279(14), 1083-
1088.

Plude, D. J., & Doussard-Roosevelt, J. A. (1989). Aging, selective attention, and feature
integration. Psychology and Aging, 4, 98-105.

Pollastek, A., Romoser, M.R.E., & Fisher, D.L. (2012). Identifying and remediating
failures of selective attention in older drivers. Current Directions in Psychological
Science, 21, 3-7.

Rosenbloom, T. (2009). Crossing at a red light: Behavior of individuals and groups.
Transportation Research Part F, 12, 389-394.

Scialfa, C. T., & Joffe, K. M. (1997). Age differences in feature and conjunction search:
Implications for theories of visual search and generalized slowing. Aging,
Neuropsychology, and Cognition, 4, 227-246.

Simons, D. J., & Chabris, C. F. (1999). Gorillas in our midst: Sustained inattentional
blindness for dynamic events. Perception, 28, 1059-1074.

Singer, J. P. & Lerner, N. D. (2005). Countdown pedestrian signals: A comparison of
alternative pedestrian change interval displays. Report submitted to the Federal
Highway Administration. Available online: http://www.atssa.com/galleries/default-
file/Ped _Countdown Report.pdf

74



Surface Transportation Policy Partnership (STPP). (2004). Mean Streets 2004.
Washington, D.C.: Surface Transportation Policy Partnership. Retrieved from:
http://www.transact.org/libary/reports _html/ms2004/pdf/Final Mean_Streets 200

4 4.pdf

Stollof, E. R., McGee, H., Eccles, K. A. (2007). Pedestrian signal safety for older
persons. AAA Foundation for Traffic Safety: Washington, DC.

Theeuwes, J. (1994). Stimulus-driven capture and attentional set: Selective search for
color and visual abrupt onsets. Journal of Experimental Psychology: Human
Perception and Performance, 20, 799-806.

Underwood, G., Phelps, N., Wright, C., van Loon, E. Galpin, A. (2005). Eye fixation
scanpaths of younger and older drivers in a hazard perception task. Ophthalmic
and Physiological Optics, 25, 346-356.

United States Census Bureau. (November, 2011). 2010 Census Briefs: The Older
Population. Retrieved from: http://www.census.gov/prod/cen2010/briefs/c2010br-

09.pdf

United States Census Bureau. (2010) Intercensal Estimates of the Resident Population
for Counties: April 1, 2000 to July 1, 2010. Retrieved from:
http://www.census.gov/popest/data/intercensal/county/files/CO-ESTOOINT-
AGESEX-5YR.csv

Vellas, B. J., Wayne, S. J., Romero, L. J., Baumgartner, R. N., & Garry, P. J. (1997).
Fear of falling and restriction of mobility in elderly fallers. Age and Ageing, 26(3),
189-193.

Zacks, R., & Hasher, L. (1997). Cognitive gerontology and attentional inhibition: A reply
to Burke and McDowd. Journal of Gerontology: Psychological Sciences, 52, 274—
283.

Zegeer, C., Opiela, K., & Cynecki, M. (1983). Pedestrian Signalization Alternatives

(Report No. FHWA/RD-83-102). Washington, D.C.: Federal Highway
Administration.

75



Appendix A. Locations of GIS coded cases
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Appendix B. Population Estimates by Age Group for
Counties Included in Data Set

Aged 9 Years and Younger

2004 2005 2006 2007 2008
Citrus 10,345 10,611 11,031 11,458 11,618
Hernando 14,980 16,024 16,947 17,957 18,149
Hillsborough 148,699 153,009 156,618 157,403 158,338
Pasco 44,794 47,450 49,917 52,122 53,356
Pinellas 90,556 89,546 88,148 87,059 86,028
Total 311,378 318,645 324,667 328,006 329,497
Aged 10 to 14 Years
2004 2005 2006 2007 2008
Citrus 6,875 6,856 6,993 6,897 6,926
Hernando 8,914 9,195 9,598 9,898 10,095
Hillsborough 80,493 81,942 82,635 82,453 82,151
Pasco 24,819 25,913 26,913 27,662 28,205
Pinellas 53,590 52,457 51,094 49,426 48,205
Total 176,695 178,368 179,239 178,343 177,590
Aged 15 to 19 Years
2004 2005 2006 2007 2008
Citrus 6,738 7,061 7,208 7,413 7,367
Hernando 8,241 8,925 9,463 9,883 10,167
Hillsborough 76,799 80,498 84,039 85,835 87,122
Pasco 22,668 24,106 25,563 26,844 27,540
Pinellas 50,630 51,865 52,270 52,368 52,174
Total 167,080 174,460 180,549 184,350 186,378
Aged 20 to 24 Years
2004 2005 2006 2007 2008
Citrus 4,653 4,827 5,102 5,396 5,427
Hernando 6,575 6,927 7,249 7,661 7,643
Hillsborough 80,861 83,190 85,427 86,958 87,909
Pasco 18,588 19,581 20,498 21,686 21,956
Pinellas 46,877 47,248 47,213 46,913 46,682
Total 159,558 163,778 167,495 170,621 171,625

77




Aged 25 to 44 Years

2004 2005 2006 2007 2008

Citrus 22,705 23,088 23,591 23,982 23,857
Hernando 30,634 32,425 34,162 35,420 35,702
Hillsborough 335,571 343,783 349,474 348,093 346,204
Pasco 97,984 103,725 108,896 112,656 112,927
Pinellas 235,676 231,500 226,591 221,118 216,509
Total 724,574 736,526 744,720 743,276 737,207

Aged 45 to 64 Years

2004 2005 2006 2007 2008

Citrus 37,847 39,969 41,835 42,886 43,110
Hernando 39,411 42,397 44,992 46,502 47,297
Hillsborough 258,525 270,372 281,293 289,434 296,637
Pasco 101,718 108,945 115,288 119,876 122,773
Pinellas 255,673 262,748 268,384 271,948 274,877
Total 695,178 726,436 753,798 772,653 786,702

Aged 65 to 74 Years

2004 2005 2006 2007 2008

Citrus 21,573 22,003 22,433 23,022 23,801
Hernando 20,689 20,967 21,497 21,763 22,415
Hillsborough 66,583 68,371 69,502 71,349 74,352
Pasco 44,292 45,249 45,961 46,897 48,809
Pinellas 89,313 88,744 87,373 88,035 91,028
Total 244,454 247,339 248,772 253,073 262,413

Aged 75 Years and Older

2004 2005 2006 2007 2008

Citrus 19,104 19,376 19,633 19,920 20,016
Hernando 20,149 20,296 20,490 20,807 20,969
Hillsborough 60,694 61,989 62,838 63,161 64,060
Pasco 46,785 46,875 46,493 45,836 45,747
Pinellas 105,990 105,318 103,109 101,757 100,955
Total 254,726 255,859 254,569 253,488 253,755

Information from U.S. Census Bureau:
http://www.census.gov/popest/data/intercensal/county/files/CO-ESTOOINT-AGESEX-

5YR.csv
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Appendix C. Incidents per 1,000 population by Age Group

and Year
Pedestrians: All Incidents
2004 2005 2006 2007 2008 Average
9 Years and Under 0.077 0.085 0.055 0.055 0.064 .067
10 to 14 Years 0.045 0.062 0.084 0.039 0.045 .055
15to 19 Years 0.156 0.149 0.15 0.13 0.161 .149
20 to 24 Years 0.107 0.098 0.125 0.117 0.111 12
25 to 44 Years 0.106 0.106 0.107 0.101 0.083 101
45 to 64 Years 0.066 0.102 0.069 0.084 0.089 .082
65to 74 Years 0.094 0.069 0.08 0.111 0.088 .088
75 Years and Older 0.137 0.117 0.161 0.118 0.177 142
Average 0.099 0.099 0.104 0.094 0.102
Drivers: All Incidents
2004 2005 2006 2007 2008 Average
9 Years and Under 0 0 0 0.003 0 .0006
10 to 14 Years 0.006 0.011 0.006 0 0.006 .006
15to 19 Years 0.078 0.092 0.111 0.125 0.113 104
20 to 24 Years 0.157 0.183 0.107 0.105 0.14 .138
25 to 44 Years 0.094 0.114 0.085 0.105 0.085 .097
45 to 64 Years 0.089 0.07 0.102 0.075 0.095 .086
65to 74 Years 0.094 0.101 0.084 0.063 0.095 .087
75 Years and Older 0.122 0.113 0.082 0.126 0.138 116
Average 0.080 0.086 0.072 0.075 0.084
Pedestrians: Severe Incidents
2004 2005 2006 2007 2008 Average
9 Years and Under 0.029 0.022 0.009 0.015 0.009 0.017
10 to 14 Years 0 0.017 0.011 0.011 0.006 0.009
15to 19 Years 0.018 0.017 0.011 0.022 0.027 0.019
20to 24 Years 0.025 0.006 0.024 0.012 0.017 0.017
25 to 44 Years 0.017 0.022 0.015 0.011 0.012 0.015
45 to 64 Years 0.020 0.014 0.012 0.016 0.010 0.014
65to 74 Years 0.025 0.012 0.024 0.024 0.019 0.021
75 Years and Older 0.039 0.031 0.047 0.043 0.039 0.040
Average 0.022 0.018 0.019 0.019 0.017
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Drivers: Severe Incidents

2004 2005 2006 2007 2008 Average
9 Years and Under 0 0 0 0 0 0.000
10 to 14 Years 0.006 0 0.006 0 0 0.002
15to 19 Years 0.018 0.011 0.017 0.027 0.038 0.022
20 to 24 Years 0.050 0.043 0.006 0.006 0.012 0.023
25 to 44 Years 0.022 0.022 0.013 0.015 0.016 0.018
45 to 64 Years 0.016 0.014 0.023 0.022 0.014 0.018
65 to 74 Years 0.008 0.012 0.003 0.012 0.015 0.010
75 Years and Older 0.047 0.012 0.020 0.024 0.020 0.025
Average 0.021 0.014 0.011 0.013 0.014
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Appendix D. Sample Overhead Views of Residential Parking
Areas Coded in Task 1.

Casett: 75289544

4813 Bristol Bay Way, Tampa, FL
Google Maps: http://g.co/maps/j32je
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8700 Orange Leaf Court, Tampa, FL
Google Maps: http://g.co/maps/dkst9

Caset#t 76266895
4733 Waters Avenue, Tampa, FL
Google Maps: http://g.co/maps/cuvr?
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Appendix E. Task 3 Field Testing Location
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Appendix F. Task 3 Vehicles Used in Back Out Event.
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Appendix G. Sample participant coding sheet

Participant #:

Date:

Lane Position

1 - Blue Empty Spaces

2 _ Red Arm’s reach of
cars

3_ Green Not arm’s reach,
not center

4 — Yellow Center of Aisle

Notes:

T .

I -

o -

Experiment Station

85



