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a  b  s  t  r  a  c  t

Background:  Few  studies  have  comprehensively  evaluated  the  effectiveness  of  multi-faceted  interven-
tions  intended  to  improve  pedestrian  safety.  “Watch  for Me  NC”  is a multi-faceted,  community-based
pedestrian  safety  program  that  includes  widespread  media  and  public  engagement  in  combination  with
enhanced  law  enforcement  activities  (i.e.,  police  outreach  and targeted  pedestrian  safety  operations  con-
ducted at  marked  crosswalks)  and  low-cost  engineering  improvements  at selected  crossings.  The  purpose
of this  study  was  to estimate  the effect  of  the law  enforcement  and  engineering  improvement  compo-
nents  of  the program  on  motor  vehicle  driver  behavior,  specifically  in terms  of  increased  driver  yielding
to  pedestrians  in  marked  crosswalks.
Methods:  The  study  used  a  pre-post  design  with  a control  group,  comparing  crossing  locations  receiv-
ing  enforcement  and  low-cost  engineering  treatments  (enhanced  locations)  with  locations  that  did  not
(standard  locations)  to examine  changes  in  driver  yielding  over  a  6-month  period  from  2013  to  2014.
A  total  of 24,941  drivers  were  observed  in  11,817  attempted  crossing  events  at  16  crosswalks  in  five
municipalities  that  were  participating  in  the program.  Observations  of  real  pedestrians  attempting  to
use the  crosswalks  (“naturalistic”  crossing)  were  supplemented  by observations  of  trained  research  staff
attempting  the  same  crossings  following  an  established  protocol  (“staged”  crossings).  Generalized  esti-
mating  equations  (GEE)  were  used  to model  driver  yielding  rates,  accounting  for  repeated  observations  at
the crossing  locations  and  controlling  other  factors  that  affect driver  behavior  in  yielding  to  pedestrians
in  marked  crosswalks.
Results: At crossings  that  did  not  receive  enhancements  (targeted  police  operations  or  low-cost  engi-
neering  improvements),  driver  yielding  rates  did  not  change  from  before  to  after  the  Watch  for  Me NC
program.  However,  yielding  rates  improved  significantly  (between  4 and  7 percentage  points  on  average)
at  the enhanced  locations.  This  was  true  for  both  naturalistic  and  staged  crossings.
Conclusions:  This  study  provides  evidence  that enhanced  enforcement  and  low-cost  engineering  improve-
ments,  as  a part  of  a broader  program  involving  community-based  outreach,  can  increase  driver  yielding
to  pedestrians  in  marked  crosswalks.  These  data  are  important  for the  staff  and  decision-makers  involved
in pedestrian  safety  programs  to gain  a  better  understanding  of the  different  engineering  and  behavioral
mechanisms  that  could  be used  to improve  driver  yielding  rates.
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1. Introduction

Injury, and in particular traffic-related injury, is a leading cause
of morbidity and disability, resulting in a substantial loss of produc-
tive years and accounting for a considerable cost to the U.S. health
system (Finkelstein et al., 2006). In both the U.S. and North Car-
olina (NC), pedestrians represent more than 13% of all motor vehicle
crash (MVC) fatalities occurring on public roadways. According to
the latest data available from the National Highway Traffic Safety
Administration, 4743 pedestrians were killed in MVCs in the U.S.
in 2012, and another 76,000 pedestrians were injured (National
Highway Traffic Safety Administration, 2014). In NC, there are 2200
pedestrian-involved MVCs each year, resulting in between 150
and 200 pedestrian deaths and an additional 500 serious injuries
(University of North Carolina, 2011). The Centers for Disease Con-
trol and Prevention (CDC) has recognized transportation-related
injuries as one of public health’s “winnable battles,” and has
identified pedestrian safety as a primary research area within trans-
portation safety (Centers for Disease Control and Prevention (CDC),
2009).

A key injury research priority in the area of pedestrian safety
is to evaluate the effectiveness of multifaceted strategies (e.g.,
those involving education/outreach, law enforcement, and changes
to the built environment) to prevent pedestrian injuries (Centers
for Disease Control and Prevention (CDC), 2009). Such research is
needed to understand the effectiveness of pedestrian interventions
and assist localities in planning and implementing such programs.
However, to date there is limited research available that quanti-
fies the effectiveness of multifaceted community-based pedestrian
injury prevention interventions.

1.1. Prior research

Few evaluations of community-based pedestrian safety pro-
grams have been conducted using pedestrian injuries and/or
crashes as the outcome. Most studies have examined the outcome
of driver behavior, such as compliance with laws requiring that
drivers yield (give way) to pedestrians using marked crosswalk
(“yielding laws”). Only a handful of studies (described below) have
evaluated the impact of multifaceted pedestrian safety interven-
tions on behavioral driver outcomes, and the results from these
studies have been mixed.

In an evaluation of an intervention involving law enforcement,
engineering improvements, and a public information campaign in
Shoreline, WA from 1999 to 2003, researchers used observations
at two locations (with no control locations)(Nee and Hallenbeck,
2003) to quantify pedestrian crossing behaviors and driver yield-
ing behaviors before and after the intervention. Driver yielding
increased from 0% to 17–70%, likely due to the significant pack-
age of roadway improvements and pedestrian crossing facilities.
Driver yielding increased on only one crossing of one intersection
following enforcement, but enforcement intensity was  noted to be
limited.

A repeated measures study of driver behaviors before, dur-
ing, and after a two-week long enforcement-oriented intervention
(supplemented by an education/outreach component) was per-
formed in Miami-Beach, FL (Van Houten and Malenfant, 2004).
Unadjusted estimates of the percentage of drivers yielding at eight
treated and twelve comparison locations for each measurement
wave indicated that driver yielding increased from 3.3% and 18.2%
at baseline to 27% and 33.1% at the two intervention locations,
respectively. However, driver yielding at the untreated locations
also rose by a similar amount, from 20.5% to 32.1%, which authors
attributed to a spill-over effect of the high-visibility education com-
ponent.

In Gainesville, FL, researchers randomized enforcement to six
of 12 crosswalks and conducted repeated measures of driver
and pedestrian behaviors (Van Houten et al., 2013a). Time-series
regression models were used to estimate changes in observed
driver and pedestrian behavior. Yielding to pedestrians was
assessed using staged crossings (pedestrians were members of the
research team following a standardized road crossing protocol)
and rose from 31.5% to 62.0%, while yielding to real pedestrians
(in naturalistic crossings) rose from 45.4% to 82.7%. Increases in
driver yielding were also observed at crosswalks not targeted for
enforcement and changes in yielding were inversely proportional
to the distance from the treated crossings, suggesting a potential
spill-over treatment effect.

In general, the studies above reported positive associations
between the interventions studied and changes in driver yielding,
particularly when the intervention used multiple components inte-
grated in a cohesive program. However, the few studies that have
used pre/post research designs with control groups typically did not
utilize multivariate analysis methods to adjust for potential sources
of confounding such as temporal/seasonal factors, time of day, and
aspects of the built environment (e.g. crosswalk markings) that may
influence driver yielding behavior.

1.2. “Watch for Me  NC” intervention

In NC, a pedestrian safety intervention, “Watch for Me  NC,” was
developed and implemented with the aim of reducing pedestrian
crashes and injuries. Watch for Me  NC is a community-based pro-
gram involving a comprehensive set of education, outreach, and
law enforcement measures. A key emphasis was to increase aware-
ness of, and compliance with, laws requiring drivers to yield to
pedestrians in marked crosswalks. The program was predicated on
the concept that education and enforcement could modify driver
and pedestrian behavior and therefore reduce pedestrian crash
rates. The main components of the program were: (1) a widespread
community-based media and local outreach campaign designed
to increase awareness of pedestrian safety and related laws, and
(2) a law enforcement program that involved educating police
officers about pedestrian traffic laws and assisting them in enhanc-
ing pedestrian safety by implementing high-visibility enforcement
activities and public outreach at selected crossing locations. “High
visibility” enforcement typically involved an extensive effort by
police to make the public aware of its enforcement operations,
which may  have included issuing press releases before or after
an operation was conducted, using signs or banners at the loca-
tion of enforcement, going door to door to alert local residents
and business owners of enforcement plans, and other public out-
reach efforts. Additionally, a small number of low-cost engineering
improvements (such as signage and pavement markings) were
made at selected crosswalks in the same timeframe as the Watch
for Me  NC program delivery. A timeline of the Watch for Me  NC
program is provided in Table 1.

Details on the development and delivery of the Watch for Me
NC are described elsewhere and can also be found on the program
website, www.WatchforMeNC.org (Sandt et al., 2015).

The aim of this paper was  to examine the effect of the enhanced
high-visibility enforcement activities and low-cost engineering
treatments components of the Watch for Me NC intervention.
We  hypothesized that driver yielding rates would be higher at
the locations receiving enhanced enforcement and other treat-
ments in comparison to the pre-intervention yielding rates at the
same locations and the post-intervention yielding rates at “stan-
dard” enforcement locations (i.e., comparison locations that did
not receive additional law enforcement operations or engineering
improvements).

http://www.WatchforMeNC.org
http://www.WatchforMeNC.org
http://www.WatchforMeNC.org
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Table  1
Timeline of Watch for Me  NC intervention delivery and evaluation activities.

Timeframe Intervention Delivery Intervention Evaluation

May  2013–July 2013 Watch for Me NC community partners develop education/outreach and
communication plans and receive materials/media and technical assistance

N/A

July  2013–August 2013 Law enforcement officers receive training on pedestrian laws and how to
conduct targeted, high visibility operations; departments develop
plans/schedules for conducting operations

Administrative records gathered from
police departments

August  2013–September 2013 Watch for Me NC “educational” activities begin: Kick off events, media
engagement, public meetings, paid media (e.g., radio, transit, and outdoor ads),
material distribution (brochures, posters, safety materials), grassroots
outreach efforts, etc.

“Before” data collected on driver
yielding

October 2013–February 2014 High visibility law enforcement operations take place at select high-crash
locations

“After” data collected on driver
yielding

October 2013–February 2014 Low-cost engineering improvements are made at select high-crash locations “After” data collected on driver
yielding

2. Methods

This study used a pre-post design with a comparison group to
examine the effect of the enhanced enforcement programs at 16
crosswalk locations in five NC municipalities that implemented the
Watch for Me NC program from August 2013 to January 2014. Data
were collected by 1) observing real pedestrians attempting to use
the crosswalks under study (“naturalistic” events), and 2) observing
a series of staged crossings using trained research staff attempting
to cross the road (“staged” events), following an established proto-
col (Sandt et al., 2014) also used in other studies (Van Houten et al.,
2013a).

2.1. Site selection

Driver yielding data were collected from August 2013 to January
2014 in five “Triangle region” NC municipalities – Raleigh, Durham,
Chapel Hill, Carrboro, and Fuquay-Varina – that were actively par-
ticipating in the Watch for Me  NC pedestrian injury prevention
program. In these five cities, 16 crossing locations were selected
for data collection based on the following criteria: (1) it was  located
near an intersection where there was a relatively high pedestrian
crash frequency, based on an analysis of five years’ of pedestrian
crash data, (2) posted speed limit at the crossing was at or below
35 MPH, (3) the crossing was uncontrolled (i.e., at an unsignalized
intersection or midblock location), (4) the crossing had a marked
crosswalk, (5) the crossing experienced adequate pedestrian traf-
fic for conducting naturalistic observations, and (6) site geometry
enabled pedestrian enforcement operations to be conducted (e.g.,
there was sufficient space downstream of the crossing to pull over
non-compliant vehicles, etc.). The criteria were not intended to
identify a geographically representative sample of crossings, but
rather identify a sample of crossings with the appropriate condi-
tions for applying enhanced high-visibility law enforcement and
other potential safety interventions.

Crossing locations were not randomly assigned to receive
enforcement enhancements. Law enforcement agencies were pro-
vided with a set of crossing locations meeting the above criteria
and encouraged to perform operations at these or similar loca-
tions, but agencies also took into consideration other factors (such
as available resources, public complaints, etc.) before deciding
which locations would receive enhanced enforcement. The police
agencies provided the research team with administrative records
regarding the number of targeted pedestrian operations they per-
formed during the study period, as well as location and duration
of each operation. Based on this data, eight crossing locations were
classified as “standard” and eight were classified as “enhanced.”
The standard (i.e., comparison) locations were defined as those that

did not receive any enhanced enforcement during the interven-
tion period, whereas the “enhanced” (or treated) locations were
visited one or more times by officers conducting high-visibility
pedestrian safety operations. The standard and enhanced cross-
ings were similar across the key dimensions included in the site
selection criteria described above but, as reported below, differed
in some other ways. Some of the enhanced crossings also received
low-cost engineering treatments during the study period, such as
re-striped crosswalks, in-street signs, or rectangular rapid flashing
beacons (RRFBs).

2.2. Data collection – staged & naturalistic crossings

At each crossing, data collectors observed pedestrian interac-
tions with drivers using specific, well-established protocols, which
were also used in similar studies of driver yielding rates (Van
Houten et al., 2013a). Observers recorded both “naturalistic” and
“staged” pedestrian crossings. Protocols and field-based trainings
gave clear guidance on how and when staged crossings should be
performed and how to assess and code driver yielding and other
behaviors. For example, data collectors were instructed to first
define a “dilemma zone” for each crossing (the distance beyond
which a driver could easily stop for a pedestrian, based on posted
speed limit and other factors). Then they followed specific instruc-
tions regarding the type of clothing to wear (neutral colors), where
to position themselves in between crossing attempts (so as to
not indicate intent to cross to confuse oncoming drivers), how to
approach the crossing and communicate with oncoming drivers in
a natural but non-aggressive way  (making eye contact and putting a
foot in the crosswalk to indicate intent but not using hand gestures
or stepping fully into the travel lane until it was clear that the driver
was yielding), and how/when to attempt a complete crossing. The
data collection team timed their approach to the crosswalks so that
approaching vehicles were always beyond the dilemma zone, and
vehicles already within the dilemma zone (in either direction, if on
a two-way street) were not included in counts of cars failing to yield
(for staged or natural crossings). For the full protocol, see Appendix
E of the Final Agency Report (Sandt et al., 2014).

Staged crossings provided an alternative data stream that
allowed us to control for certain parameters, including pedestrian
volumes and the pre-crossing behaviors mentioned above, and
achieve a higher sampling of pedestrian-driver interactions given
the time available for data collection. Staged crossing were a partic-
ularly efficient means of collecting data at lower pedestrian volume
locations. For both types of crossings, several quality assurance and
control measures were put in place to ensure consistent data col-
lection. These included a three-part training program for the data
collectors, involving the provision of written protocols, in-class
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Fig. 1. This figure provides a conceptual model of factors affecting driver yielding to pedestrians in marked crosswalks. Factors affecting yielding include individual char-
acteristics of the driver and pedestrian involved in the interaction, features of the roadway and traffic conditions on which they are traveling, and the broader social and
cultural  environment. Several of these factors were measured directly or indirectly in the study and used in the adjusted models (Models 2 and 3).

training with visual examples and crossing scenarios, and exten-
sive field-based practice at actual data collection locations. It also
included routine, weekly checks on the data collector operations
to confirm fidelity to protocols and personal review of the data to
check for inaccuracies and inconsistencies in data coding.

For safety reasons, data were collected only on dry-weather
weekdays during daylight hours, and the team did not collect
data during times when engineering enhancements were being
made. Each crosswalk location was visited 10–12 times with
roughly half of the visits “pre-intervention” and half in the post-
intervention period. The “pre-intervention” period was defined as

Table 2
Characteristics of standard (comparison) crossing locations where driver yielding data was  collected from 2013 to 2014 in five North Carolina municipalities.

Location Crossing Type Crosswalk
Markings

Posted Speed
Limit

Total # of Lanes Direction of
Traffic

Walk Score® Total # of
pedestrian
crossing
attempts made
or observed

Total # of Cars
Observed

C-Greensboro Midblock Standard 20 MPH  2 Two-way 86 779 1282

D-Anderson Uncontrolled
Intersection

Standard 25 MPH  2 Two-way 56 629 1550

D-Main Midblock High Visibility 25 MPH  2 + median Two-way 83 689 1067

D-Tobacco Midblock trail
crossing with
beacon

High Visibility 35 MPH  2 Two-way 26 630 2017

R-Blount Midblock High Visibility Not posted;
assume 35 MPH

3 One-way 96 764 2213

R-Capitol Midblock High Visibility Not posted;
assume 35 MPH

3 One-way 93 632 1802

R-South Midblock High Visibility 25 MPH  3 Two-way 86 492 837

R-Wilmington Midblock High Visibility Not posted;
assume 35 MPH

2 One-way 93 855 1675

Note: (C) represents locations in Carrboro, (CH) represents locations in Chapel Hill, (D) represents locations in Durham, (F) represents locations in Fuquay-Varina, and (R)
represents locations in Raleigh.
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August and September 2013, before the enforcement and engineer-
ing elements of the campaign were in place but after the general
education and public education elements were conducted. The
“post-intervention” period consisted of data collected from October
1, 2013 through the end of February 2014.

Although weather-dependent, the data collection schedule
aimed for consistency in the time of day and the day of week that
each location was visited to help control for environmental effects.
Both staged and naturalistic crossings were observed during each
visit to each crossing location to minimize differences in the con-
ditions in which the two types of crossing data were collected.
Similarly, while data collection schedules occasionally had to be
modified due to illness or personal schedules, the plan consistently
used the same two primary data collectors from August 2013 to
February 2014 to limit confounding due to individual differences
in data collection or crossing behaviors. Inter-observer agreement
of estimated driver yielding rates differed by less than 5% and there
were no systemic differences in the coding of yielding behavior.

2.3. Statistical analysis

Linear risk models (identity link, binomial residual) were devel-
oped to estimate crude and adjusted driver yielding rates, 95%
confidence intervals, and p-values. Driver yielding rates were calcu-
lated using the total number of vehicles that yielded to pedestrians
that attempted a crossing (which could have been more than one
vehicle if there were multiple lanes of traffic to cross) over the
total number of vehicles observed during the interaction (which
included the yielding vehicles plus the vehicles approaching the
crossing that could have yielded, based on their location relative
to the dilemma zone, but did not). Models were fit for the nat-
uralistic and staged crossings separately. Generalized estimating
equations (GEE) with robust (“sandwich”) standard errors were
used to account for within-site correlation induced by making
repeated observations at the same crossing locations (Stokes et al.,
2000). An independence specification was used for the GEE working
correlation matrix. Upon initial inspection of the data, crossings at
two standard locations (D-Tobacco and R-South) and one enhanced
location (C-Hillsborough) had less than 50 naturalistic crossing
events observed; these locations were removed from the natural-
istic crossing analysis because there were too few observations to
reliably estimate effects at these locations. Therefore the naturalis-
tic analyses were limited to 13 locations, whereas staged analyses
used data from all 16 locations. Regression diagnostics were used to
identify potential violations of model assumptions, and goodness
of fit statistics were examined using the QIC and QI Cu statistics.

A “base” unadjusted model was used to estimate unadjusted
effects (Model 1). This model included only terms for the interven-
tion group (enhanced locations vs. standard locations), time (i.e.,
pre/post Watch for Me  NC intervention), and the time by group
interaction.

An “adjusted” model (Model 2) included selected measured
covariates from a wide range of covariates thought to impact driver
yielding based on a conceptual model (Fig. 1). This model adjusted
for: time of day (afternoon vs morning), commute time (peak
vs off-peak), crossing location (uncontrolled intersection vs mid-
block crossing), crosswalk marking type (standard parallel lines vs
high-visibility “continental” style), direction of traffic (one-way vs
two-way), number of traffic lanes (two-lane vs 3+ lane), posted
speed limit (<30 MPH  vs 30+ MPH), and city population (<60 K or
<=60 K). An examination of collinearity was undertaken but none
was detected.

A third model (Model 3) sought to explore and adjust for addi-
tional built environment factors that might influence driver or
pedestrian behavior, while including a more parsimonious set
of covariates. Specifically, the Street Smart Walk Score® (www. Ta
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walkscore.com, heretofore referred to as “Walk Score®”) was  used
as a marker of area “walkability.” Walk Score® is an indicator of
the built environment’s supportiveness of walkability on a scale
from 0 to 100, with higher numbers representing higher walk-
ability. The Walk Score® combines information on distance to
destinations accessible from the crossing location, with weighting
based on the importance of destinations to walking. Walk Scores®

are then adjusted for street network characteristics so that places
with low intersection density (or poor roadway connectivity) and
longer block lengths received lower scores. Destinations (i.e., gro-
cery stores, schools, parks, restaurants, and retail), intersection
density, and block length each have been associated with walk-
ing in other studies (Hirsch et al., 2013). It was hypothesized that
the Walk Score® variable was a marker of potential pedestrian
and automobile volume, as indicated in the conceptual model in
Fig. 1. Walk Scores® were obtained for the 16 crossing locations
and for each municipality as a whole. These two continuous vari-
ables were examined in relation to driver yielding rates and to other
covariates before being added to the model. The Walk Scores® were
found to be strongly correlated with several other variables (includ-
ing crossing location, direction of traffic, and number of lanes);
these variables were removed from Model 3 in favor of the Walk
Score® variable to improve model stability and interpretation. The
crossing-location specific Walk Score® was centered on the city
average Walk Scores®, which was rescaled to support a meaningful
interpretation of the intercept term.

3. Results

3.1. Standard and enhanced locations

A total of 24,941 drivers were observed in 11,817 pedestrian
and motor vehicle crossing interactions (3397 natural and 8420
staged) observed at the 16 crossing locations. Tables 2 and 3 sum-
marize characteristics of the standard and enhanced data collection
locations. Collectively, the standard locations have very similar
physical characteristics (such as speed limit, land uses, cross-
walk type, etc.) as the enhanced locations. However, there were
some notable differences, such as the larger proportion of cross-
walks with high visibility markings and higher Walk Scores for
the standard locations compared to the enhanced locations. These
differences underscore why the project team adjusted for these
variables in Model 2 and undertook an examination of potential
covariates and modifiers, described in the following sections.

3.2. Intervention effects

For staged pedestrian crossings at enhanced locations, average
driver yielding rates improved 6.9% points, from a rate of 40.7%

before the enforcement and low-cost engineering (if any) com-
ponents to 47.6% afterward, a statistically significant difference
(see Table 4). Similarly, for naturalistic crossings observed at the
enhanced locations, driver yielding rates improved 4.3% points (sta-
tistically significant at alpha = 0.05), from a rate of 51.1% before to
55.4%. In contrast, driver yielding at the standard crossing locations
remained similar from before to after the intervention (from 28.8
to 29.8% for staged crossings, and from 39.3 to 41.3% for naturalis-
tic crossings; neither increase was  statistically significant). While
baseline yielding rates and changes in yielding varied by location,
five of the eight enhanced locations saw positive increases in driver
yielding, ranging from a 7.2 to a 17.0% point difference. At standard
enforcement locations, changes in driver yielding rates ranged from
−7.3% to 8.4%.

As detailed above, the decision regarding which of the 16
locations received enhanced treatment was not random, but was
determined by the local enforcement staff and was  therefore out-
side of the control of the research team. Thus the distribution of
predictive covariates across study arms was not at random and
between-site differences in covariate values/distributions were a
potential source of confounding bias. For example, standard loca-
tions were all in larger population cities (with the exception of one
crossing) compared to the enhanced locations. Also, the standard
crossing locations had more high visibility crosswalk markings than
the enhanced locations (Tables 2 and 3). Models 2 and 3 adjusted for
these and other covariates. The estimates of pre/post yielding rate
differences were fairly robust across the base and fully-adjusted
models: the change in the percentage of drivers yielding to pedes-
trians (both staged and natural) in the two adjusted models (Model
2 and Model 3) was  very similar to the unadjusted Model 1 results
(Table 4).

3.3. Effect of covariates

Some of the covariates included in Models 2 and 3 were found
to have strong associations with driver yielding rates. In particular,
high visibility crosswalk markings, crosswalks spanning fewer than
three lanes, crossings on low-speed roads (i.e., posted speed limits
of less than 30 MPH), and crossings in smaller communities (less
than 60,000 in population) were all associated with higher rates of
driver yielding (Table 5).

Similarly, in Model 3 (which included the Walk Score® variable),
posted speed limit, crosswalk type, and city size showed associa-
tions with driver yielding of a similar direction and magnitude for
both staged and natural crossings. The relationship between driver
yielding rates and Walk Score® at the crossing or city level varied
across naturalistic and staged crossing types and were not sta-
tistically significant. Main effects of the intervention were largely
unaffected by adjustment for the covariates in Model 3 (Table 4).

Table 4
Difference in the percentage of drivers yielding to pedestrians before and after the Watch for Me NC program implemented in five NC municipalities in 2013–2014. Estimates
from  unadjusted and adjusted models are shown separately for staged and naturalistic crossings conducted at standard and enhanced locations.

Changes in Driver Yielding Rate, (95% CI), and p-value

Unadjusted (Model 1)a Model 2b Model 3c

Stagedd Naturalistice Stagedd Naturalistice Stagedd Naturalistice

Standard locations 1.0% (−4.2, 6.2)
p  = 0.70

2.0% (−0.9, 4.9)
p  = 0.18

0.9% (−3.5, 5.3)
p  = 0.69

1.5% (−1.5, 4.5)
p = 0.33

2.4% (1.3, 6.0)
p = 0.20

2.2% (−1.7, 6.0)
p  = 0.26

Enhanced locations 6.9% (1.3, 12.5)
p  = 0.01

4.3% (0.2, 8.5)
p  = 0.04

6.4% (1.6, 11.2)
p  = 0.01

3.8% (0.4, 7.2)
p  = 0.02

6.6% (1.5, 11.8)
p = 0.01

4.4% (0.5, 7.7)
p  = 0.03

a Linear binomial GEE model with terms for treatment, time period, and interaction.
b Linear binomial GEE model adjusted for covariates in Table 5.
c Linear binomial GEE model adjusted for Walk Score, time of day, marking type, speed limit, and city population.
d n = 16 locations for staged crossings.
e n = 13 locations for naturalistic crossings.

http://www.walkscore.com
http://www.walkscore.com
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Table  5
Association between key covariates and rates of driver yielding to pedestrians collected at locations in five NC municipalities in 2013–2014. Estimates are from an adjusted
model  (Model 2) and are shown separately for staged and naturalistic crossings.

Covariate Staged Crossings (n = 16 locations) Naturalistic Crossings (n = 13 locations)

N
Yielded

N
Observed

Difference in Driver
Yielding Rate (95% CI)
and p-value

N
Yielded

N
Observed

Difference in Driver
Yielding Rate (95% CI)
and p-value

City Population
<60 K 2959 5500 19.6% (10.6, 28.6) p < 0.01 1211 1848 43.5% (18.4, 68.6) p < 0.01
>=60  K 3936 13,214 Ref 1612 4002 Ref

Crossing Type
Uncon’d inter. 1662 4658 −1.9% (−9.2, 5.4) p = 0.61 658 1431 10.2% (−0.0, 20.5) p = 0.05
Midblock 5233 14,056 Ref 2165 4419 Ref

Time  of Day
Afternoon 3360 9022 −3.2% (−10.5, 4.1) p = 0.39 1019 2337 −1.1% (−9.5, 7.3) p = 0.80
Morning 3535 9692 Ref 1804 3513 Ref

Rush  Hour
Peak 3260 10,039 −5.9% (−11.5, 0.4) p = 0.04 1235 2346 9.2% (−0.8, 19.3) p = 0.07
Off-Peak 3635 8675 Ref 1588 3504 Ref

Marking Type
Standard 3560 10,743 −13.5% (−20.0, −7.1) p < 0.01 1164 2632 −30.2% (−46.8, −13.6) p < 0.01
High  Vis. 3335 7971 Ref 1659 3218 Ref

Speed Limit
<30 MPH  4323 9783 9.2% (1.9, 16.4) p = 0.01 1944 3221 3.6% (−12.4, 19.7) p = 0.66
30  MPH  + 2572 8931 Ref 879 2629 Ref

#  of Lanes
2 4999 12,242 11.9% (7.2, 16.5) p < 0.01 1853 3739 12.9% (4.8, 21.0) p < 0.01
3+  1896 6472 Ref 970 2111 Ref

Traffic Dir.
One-Way 1696 5414 −0.80% (−11.3, 9.7) p = 0.88 1050 2241 −4.0% (−17.6, 9.7) p = 0.57
Two-Way 5199 13,300 Ref 1773 3609 Ref

Note: Effects are adjusted for all other variables in this table based on a linear binomial GEE model with terms for treatment, time period, and interaction.

3.4. Modifiers of intervention effects

Table 6a and 6b compares changes in unadjusted driver yielding
rates between standard and enhanced locations, stratified by key
covariates. The goal of these analyses was to determine if the inter-
vention effect was stronger (by more than 10%) in specific strata of
any of the covariates. In the staged crossing data, we found a greater
effect of enforcement on driver yielding behavior at locations with
high visibility crosswalk markings. In the naturalistic crossing data,
we saw a greater effect of enforcement at crossings located at an
uncontrolled intersection (rather than a midblock location) and
when crossings took place in the morning and/or during rush hour.

These tables also highlight the higher rate of baseline (pre-WFM)
yielding at many of the enhanced locations compared to the stan-
dard locations, a pre-existing difference (further explored in the
discussion) that made controlling for these covariates necessary.

4. Discussion

In comparison to standard locations, modest but important
changes in driver yielding, both to real and “staged” pedestri-
ans, were observed at locations receiving enhanced treatment
(law enforcement and some low-cost engineering improvements).
These modest improvements in driver yielding at the enhanced
locations, ranging from 4 to 7% point improvements, are consis-
tent with the findings of other studies (Van Houten and Malenfant,
2004; Van Houten et al., 2013a), which have found improvement
of similar magnitude and direction. As is common in intervention
studies, several other covariates showed a more powerful influ-
ence on our outcome measure of driver yielding behavior than our
intervention.

In general, driver yielding rates involving staged pedestrians
were slightly lower than driver yielding rates to observed pedes-

trians (in both the before and after periods). It has been suggested
(Van Houten and Malenfant, 2004; Van Houten et al., 2013a) that
typical pedestrians may  be more assertive in indicating their intent
to cross (e.g., through hand gesturing and/or stepping into the path
of oncoming vehicles before the driver has shown an intent to yield)
than “staged” pedestrians, who  are members of the research team
following protocols for data collection that require a more con-
servative approach for safety reasons. The estimated effect of the
intervention and other covariates on driver yielding were generally
similar for staged and natural crossings, supporting the concept
that staged crossing data can be a suitable alternative when nat-
ural pedestrian crossing data is difficult to obtain (such as when
pedestrian volumes at a given location or time frame are low).

4.1. Covariates and modifiers

Several other factors were associated with increases in driver
yielding rates, including high visibility crosswalk markings, cross-
ings across fewer than three lanes, crossings on roads with posted
speed limits of less than 30 MPH, and crossings in smaller munic-
ipalities (less than 60,000 in population). Speed has long been
known to be a factor in pedestrian safety in general (Tefft, 2011).
Thus, roadways with lower posted speed limits may be better can-
didates for pedestrian-related law enforcement unless additional
measures are in place, such as traffic calming, to govern traffic
speeds to the level needed for drivers to have sufficient detection
and braking time. Shorter crossing distance, related to the number
of traffic lanes, has also been associated with improved pedes-
trian safety (Federal Highway Administration, 2014). The fewer the
lanes to cross, the simpler the crossing task for pedestrians; for
drivers, fewer lanes of travel may  make it may  be easier to detect
pedestrians waiting to cross. Similarly, high visibility crosswalk
markings have known safety benefits and are often promoted in
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Table 6a
Differences in driver yielding rates by potential effect modifiers, observing staged crossings in 2013–2014 at 16 locations (standard and enhanced) in NC.

Covariate Standard Locations (Comparison) Enhanced Locations (Treated) Difference between Enhanced vs.
Standard Yield Rates Pre-Post
Differencesa

Pre-WFM
Yielding Rate

Post-WFM
Yielding Rate

Difference Pre-WFM
Yielding Rate

Post-WFM
Yielding Rate

Difference

City Population
<60 K 60.4% 62.5% 2.2% 48.0% 54.3% 6.3% 4.1% (1.0, 7.9) p = 0.01
>=60  K 24.8% 26.4% 1.6% 33.6% 40.3% 6.7% 5.1% (−5.4, 15.6) p = 0.34

Crossing Type
Uncontrolled Intersection 25.1% 26.3% 1.2% 35.3% 42.1% 6.8% 5.6% (−6.0, 17.2) p = 0.35
Midblock 29.5% 30.2% 0.7% 44.4% 50.9% 6.5% 5.8% (−2.3, 13.8), p = 0.16

Time  of Day
Afternoon 26.4% 28.2% 1.7% 45.3% 49.4% 4.2% 2.4% (−6.1, 11.0), p = 0.58
Morning 30.4% 31.5% 1.1% 36.9% 45.9% 9.0% 7.9% (−4.1, 20.0) p = 0.20

Rush  Hour
Peak 19.2% 22.9% 3.8% 39.1% 48.7% 9.7% 5.9% (−2.2, 14.0), p = 0.15
Off-peak 38.3% 39.1% 0.8% 42.7% 46.5% 3.8% 3.0% (−4.5, 10.6), p = 0.43

Crosswalk Marking Type
Standard 39.4% 43.0% 3.6% 40.3% 42.9% 2.6% −1.0% (−5.8, 3.8), p = 0.68

High  Visibility 24.7% 26.4% 1.7% 41.3% 57.0% 15.7% 14.0% (7.6, 20.4), p < 0.01

Speed  Limit
<30 MPH 34.7% 37.0% 2.3% 43.2% 53.8% 10.7% 8.4% (2.7, 14.1), p < 0.01
30  MPH  + 23.6% 25.6% 2.0% 35.4% 36.5% 1.2% −0.9% (−9.6, 7.9), p = 0.84

Number of Lanes
2 38.6% 34.5% −4.1% 42.8% 47.2% 4.5% 8.6% (−2.2, 19.4), p = 0.12
3+  17.9% 21.2% 3.4% 36.5% 48.7% 12.2% 8.9% (1.1, 16.7), p = 0.03

Direction of Traffic
One-Way 23.0% 27.0% 4.0% 44.4% 53.7% 9.3% 5.3% (−0.3, 10.8), p = 0.06
Two-Way 34.4% 31.5% −2.9% 40.1% 46.6% 6.5% 9.4% (−0.9, 19.7), p = 0.07

a Based on a linear binomial GEE model with terms for treatment, time period, and interaction.

Table 6b
Differences in driver yielding rates by potential effect modifiers, observing naturalistic crossings in 2013–2014 at 13 locations (standard and enhanced) in NC.

Covariate Standard Locations (Comparison) Enhanced Locations (Treated) Difference between Enhanced vs.
Standard Yield Rates Pre-Post
Differencesa

Pre-WFM
Yielding Rate

Post-WFM
Yielding Rate

Difference Pre-WFM
Yielding Rate

Post-WFM
Yielding Rate

Difference

City Population
<60 K 70.6% 70.7% 0.1% 61.2% 66.5% 5.2% 5.1% (−2.3, 12.5), p = 0.17
>=60  K 34.6% 36.9% 2.3% 43.3% 46.2% 2.9% 0.6% (−3.9, 5.0), p = 0.81

Crossing Type
Uncontrolled Intersection 41.0% 34.3% −6.8% 45.4% 50.5% 5.2% 12.0% (9.7, 14.2), p < 0.01
Midblock 39.0% 42.3% 3.3% 54.0% 57.7% 3.7% 0.4% (−5.8, 6.5), p = 0.91

Time  of Day
Afternoon 30.6% 42.7% 12.1% 46.5% 48.4% 1.9% −10.1% (−22.4, 2.2), p = 0.11
Morning 45.0% 40.4% −4.6% 54.3% 60.1% 5.8% 10.4% (4.4, 16.3), p < 0.01

Rush  Hour
Peak 32.4% 28.1% −4.3% 56.4% 61.5% 5.1% 9.4% (5.8, 13.0), p < 0.01
Off-peak 41.6% 44.9% 3.3% 45.9% 48.3% 2.3% −1.0% (-9.0, 7.0), p = 0.81

Crosswalk Marking Type
Standard 55.5% 52.8% −2.8% 48.1% 52.8% 4.7% 7.4% (0.4, 14.5), p = 0.04
High  Visibility 33.4% 37.4% 4.0% 59.3% 64.1% 4.8% 0.8% (−4.9, 6.5), p = 0.78

Speed Limit
<30 MPH  50.6% 51.3% 0.8% 60.5% 65.7% 5.2% 4.4% (−4.4, 13.2), p = 0.32
30  MPH  + 33.1% 36.0% 2.9% 29.1% 32.8% 3.7% 0.8% (−1.4. 3.0), p = 0.50

Number of Lanes
2 48.2% 49.3% 1.2% 48.4% 50.9% 2.5% 1.4% (−5.8, 8.5), p = 0.71
3+  27.3% 28.1% 0.8% 55.8% 64.8% 9.0% 8.2% (5.3, 11.2), p < 0.01

Direction of Traffic
One-Way 33.1% 36.0% 2.9% 72.7% 76.2% 3.5% 0.6% (−1.3, 2.5), p = 0.54
Two-Way 50.6% 51.3% 0.8% 46.9% 49.7% 2.9% 2.1% (−6.6, 10.8), p = 0.64

a Based on a linear binomial GEE model with terms for treatment, time period, and interaction.
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relation to law enforcement efforts. For example, in the Gainesville,
FL pedestrian safety program, existing crosswalk markings were
refreshed and additional high-visibility markings were installed
prior to an enforcement program (Van Houten et al., 2013b). The
city size variable is most likely capturing a number of unmea-
sured factors associated with the different municipalities where
data collection took place. Differences in population characteris-
tics, driver or pedestrian “culture” or normative behaviors, traffic
volumes, land use and roadway design that may  influence driver
and pedestrian behaviors, safety-related policies, and length of time
that the community has emphasized pedestrian safety were all
unmeasured variables that could potentially be attributed to the
city size variable. That said, empirical experiences from involve-
ment in the Watch for Me  NC program delivery indicate that it was
easier to reach “population saturation” with educational messages
and enforcement activities in smaller, more closed communities
given a fixed budget for program implementation, so city size may
be an important modifier of program effects.

In our assessment of potential modifiers, we found that, for
staged crossings events, presence of high visibility crosswalk mark-
ings was a modifier, while, for naturalistic crossings, location at an
uncontrolled intersection (versus a midblock crossing) and the time
of day were modifiers (more yielding observed in the morning com-
pared to the afternoon). The importance of these effects is unclear,
and it is unclear why modifiers would differ between naturalistic
and staged crossings. It is plausible that the data collectors “staging”
a crossing per the protocol needed the higher visibility markings to
be detected by the drivers, as their behaviors approaching the cross-
ing were less assertive than those of the “natural” pedestrians. It is
also possible that modifiers may  vary across locations depending
on the context.

Interestingly, the relationship between driver yielding rates and
Walk Score® at the crossing or city level varied across naturalis-
tic and staged crossing types. Locations with better Walk Scores®

were expected to have higher levels of pedestrian activity and by
extension could be expected to have higher driver awareness and
yielding to pedestrians. However, high Walk Score® locations also
may  be associated with higher levels of vehicle traffic due to the
density of destinations and intersections, which may  offset any
increase in yielding behaviors. A drawback of a summary index
such as Walk Score® is that it limits the ability to understand the
separate effects of the built environment, such as land use and con-
nectivity, which may  affect driver yielding and pedestrian safety
related outcomes in different ways.

4.2. Study strengths and limitations

The use of a pre-post design with treatment and comparison
locations is a strength of this study. The pre-post design helped
to control for fixed characteristics of the crossings (such as speed
limit, number of lanes, etc.), while the use of a comparison group
helped control for seasonal changes in driver behavior as well as
vehicle and pedestrian volumes. In addition to conducting obser-
vations of real pedestrians, the study also used staged crossings
to increase the available sample of vehicle-pedestrian interactions
and standardize the pre-crossing actions of the pedestrians. In the
study, most covariates did not change between the before and after
period (city, direction, number of lanes, speed limit, crossing type,
crosswalk marking type); those that were subject to change (such
as the time of data collection) were controlled through the study
design by keeping data collection times consistent at each loca-
tion throughout the study. To the best of our knowledge, this is the
first study of driver yielding that has used multivariate methods
to explore the relationship between driver yielding and poten-
tial influences of roadway design features and identify potentially
important covariates and effect modifiers. These data are impor-

tant for the staff and decision-makers involved in pedestrian safety
programs to gain a better understanding of the roadway design
and behavioral mechanisms that could be used to improve driver
yielding rates.

While we  sought to adjust for numerous covariates through
the design and analysis methods, as noted above, the potential
for unmeasured confounders remains. The study was  conducted
in a real-world setting where it was not possible to randomize
the crossings to standard or enhanced. Law enforcement may  have
unconsciously selected to “enhance” locations that had roadway
features more conducive to the intervention effect, which would
overstate the effect of the intervention. The research team mem-
bers performing the “staged” crossings never collected data during
times of active enforcement and were generally unaware of which
locations were receiving enhanced enforcement; however, they
could not be blinded to the engineering measures that were imple-
mented at selected treated sites, and thus could have, theoretically,
been influenced in their crossing behaviors over the course of the
study. However, routine observations of the data collection team
conducted throughout the study for quality control purposes did
not detect changes in data collection techniques that could have
significantly impacted the study results. The study was  limited in
the number of locations that could be included and by the amount
of time available to monitor the locations before and after the
Watch for Me  NC program was  delivered (6 months in total). The
duration and frequency of enforcement needed to sustain longer-
term changes are still not well-understood. Although only treated
locations received enforcement and engineering improvements,
both treatment and comparison locations had the potential to
be affected by spill-over as a result of the media and outreach
campaign that began prior to enforcement. Also, because the educa-
tion component occurred before all enforcement and engineering
improvements, it is not possible to know whether the effects
observed would have occurred without this cueing.

Finally, more attention is needed to understand the relationship
between the variables used in this study and how they relate to
the ultimate safety outcome of reductions in crashes and injuries.
Since pedestrian crashes are relatively rare events for any limited
geographic area or short time period, the study relied on direct
behavioral measures of driver yielding as a more appropriate out-
come measure for evaluating the impact of the intervention in
changing behaviors that can lead to crash prevention. We  acknowl-
edge that the relationship between driver yielding and crashes may
be complex and non-linear, and that improvements in driver yield-
ing may  not translate into tangible reductions in pedestrian crashes.
Future studies are needed to examine additional pedestrian safety
outcomes, such as changes in pedestrian crash rates, and to monitor
the longer term safety impacts of comprehensive interventions.

4.3. Conclusion

The results of this effort provide evidence of positive increases in
driver yielding rates associated with the Watch for Me  NC interven-
tion. This information can aid decision-makers at both the state and
local level in understanding the potential effectiveness of pedes-
trian safety interventions such as the Watch for Me NC program.
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