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Housekeeping

= Problems with audio?
Dial into the phone line instead of using “mic &
speakers”

= Webinar issues?
Re-Load the webpage and log back into the webinar. Or
send note of an issue through the Question box.

= Questions?
Submit your questions at any time in the Questions box.
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Archive and Certificates

Archive posted at www.pedbikeinfo.org/webinars
= Copy of presentations
= Recording (within 1-2 days)

= Links to resources

Follow-up email will include...
= Link to certificate of attendance

= Information about webinar archive
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PBIC Webinars and News

@ Pedestrian and Bicycle Information Center
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Behavior Change

= Follow us for the latest PBIC News
facebook.com/pedbikeinfo
twitter.com/pedbikeinfo

= Join us on Twitter using
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Vehicle Left Turns
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Injury Severity of Pedestrians and Cyclists IN Fatal Crashes, Source: FARS data, NHTSA

Person Type

No Apparent
(0)

Possible (C)

Suspected
Minor (B)

Suspected
Serious (A)

Fatal Injury
(K)

Injured,
Severity
Unknown

Unknown

Pedestrian

73

130

201

4910

Bicyclist

2

11

15

723

Other Cyclist

0

0

0

6

Persons on Personal
Conveyances

0

5

5

158

Total

5797

Pedestrian

5495

Bicyclist

828

Other Cyclist

1

Persons on Personal
Conveyances

160

Total

6484

Pedestrian

5987

Bicyclist

835

Other Cyclist

5

Persons on Personal
Conveyances

169

Total

6996

Pedestrian

16392

Bicyclist

2386

Other Cyclist

12

Persons on Personal
Conveyances

487

Total

19277




North Carolina Pedestrian Crash Trends - All Severity
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Source: Data compiled by UNC-HSRC for NCDOT, Division of Bicycle and ped bikeinfo.org
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US Pedestrian
Fatalities [FARS data]
2014 - 2016
16,879

Urban
12,557

(74.4%)

Non-
intersection
8336
(49.4%)

Intersection
4039
(23.9%)

Other / Unknown
567
(3.4%)

Other/
Unknown
182
(1.1%)

Overall Location Types, 82.2% of Pedestrian Fatalities were associated
with locations with No Traffic Control for the Motorist
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U.S. Pedestrian Fatalities Zﬁ?an
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U.S. Pedestrian Fatalities - Motorist Left Turn | e
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Relative Frequencies of Crash Type

U.S. Fatalities NC All Severity NC All Severity
2014-16 Urban 2007-15 Rural 2007-2015

Freq. Rank Percent Freq. Rank Percent Freq. Rank Percent

Motorist Left Turn - Parallel

523 10 3.1 1,207 4 6.8 97 17 1.5
Paths
Motorist Left Turn - 36 38 0.2 46 43 0.3 10 44 0.2
Perpendicular Paths
Total number all types 16,879 17,632 6,385
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Motorist Left Turn — Perpendicular Paths
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Motorist Left Turn — Parallel Paths 94%
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. FARS Motorist Left |FARS - All Ped Crossing|NC — All severity

Pedestrian Crash Type ARS - Motorist Left 7:urn |Turn - Perpendicular [Types (turning/non- |Motorist Left Turn -

Parallel Path Pedestrian Path Pedestrian turning m.v.) Parallel Path
Intersection % 80 78 31 77
Intersection-related % 13 8 11 12
Traffic Signal % 66 67 22 58
Stop Sign for MV % 15 14 2 22
No Control for MV % 17 19 74 15
Median-divided % 14 22 36
TWLTL % 6 11 17
One-Way % 11 3 3
Two-Way Undiv. % 66 56 42
Daylight % 72 58 23 68
20 - 25 mph % 37 22 11 27
30-35 mph % 38 28 32 56
40-45 mph % 8 28 36 12
Total frequency (N) 523 36 8,148 1,304
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Most Frequent Scenarios for Motorists Left Turn — Parallel Path Pedestrian

»

X __Xx i
Pedestrian Crash Scenario X I i _ﬁ[ I ] X I -
— Relative pedestrian

directions and position ' ' ;

11b. Pedestrian within 11a. Pedestrian within 12b. Pedestrian outside

crosswalk area, approach crosswalk area, approach crosswalk area, approach

direction opposite motorist’s. direction same as motorist’'s.  direction opposite motorist’s.
Percent of total 40% occurred like this 22% like this 8% like this

* Pedestrian traveled from same direction as motorist, outside crosswalk area = 4%
* All others — Unknown or not applicable
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Summary

* Most (75%) occur on lower speed roads (up to 35 mph);
* During daylight hours (72%);

* At signalized locations (66%); and

* On Two-way, undivided facilities (66%)

* Motorist turning_left.acrossfparallel path pedestrian is a common
crash type resulting in 3% of all U.S. pedestrian fatalities.

* This type appears to be even more frequent among all severity of
pedestrian crashes (7% of reported in urban areas of NC)

* Most common scenario among fatalities involves the pedestrian
approaching in a crosswalk from the opposite direction to the
turning motorist

* Crash data are insufficient for assessing many types of risk factors
(pedestrian facilities/conspicuity/width of crossings; presence of
turn lanes/turning traffic volume; opposing traffic volumes; signal
phasing, LPIs etc.?
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Background: Permissive Left-turns and Human Factors

« Adriver facing a permissive left-turn
traffic signal indication must yield the
right-of-way to opposing traffic
(vehicles and bicycles) and conflicting
pedestrians in the crosswalk.

« Opposing vehicles are often the focus
of the driver search and gap decision-
making process.

* |In elevated workload, drivers fall to
scan for pedestrians while performing
permissive left-turns (Lord et al.,
1998).

« This is an issue where driver
expectation of pedestrians is low.

¥ Oregon State
University

Portland State

UNIVER ST



Motivations for Our Work

 NOT about indication type

* EXisting research clearly suggests FYA indication is the most
effective display for permitted turn from an exclusive turning
bay

« Add to the body of knowledge on driver behavior in response
to the FYA in the presence of pedestrians

« Pedestrian/driver interactions are addressed in a limited way
In other aspects of FYA research

« Explore the effect of 4 or 3- section arrangement on driver
behavior

« Little existing work

¥ Oregon State
University

Portland State

UNIVER ST



Three or four section displays for FYA?

* 4-section signal face, required for
PPLT (MUTCD 4D.20.03)

 3-section signal face, allowed

* permissive-only (4D.18.03)
 protected-only (4D.19.03)
« flashing red operations (4D.18.05)

« when height or lateral restrictions prevent
the use of a 4-section display in PPLT
(4D.20.03 (H))

« Possible operational issues

« Each sequence doesn’t have own face

* Driver color blindness
Portland State

UNIVER SILTY

—

D}B{l@lﬂ
/1\

{ - =~ Indicates Flashing
i\

Note: Bi-modal yellow not
studied

¥ Oregon State
University




Oregon State Driving Simulator

Forward Projection Rear Projection Operators Station

Simulator in use

" Oregon State

Portland State University

UNIVERSITY




Eye Tracking

« Eye movement consists of fixations and
saccades

« Fixations are points that are focused on
during a short period of time

e Saccades are the guick eye movements
between fixations

* The majority of visual data is acquired
from fixations

* The Mobile Eye-XG system records a
fixation when the subject’s eyes have
paused in a certain position for more than
100 milliseconds

" Oregon State

Portland State Y University

UNIVERSITY




Eye Tracking Raw Video

0:14:38.32 (00097666) C:\Users\Mobile Eye\Desktop\HTisubject ra 00000

A O Stat
Portland State Uﬁ‘f\%?.‘s‘itya ¢

UNIVERSITY



Independent Variables

Crossing Pedestrians Opposing Vehicles

FYA Signal Configuration

No pedestrians No vehicles
1 pedestrian toward the

subject 3 vehicles

1 pedestrian away from

Ul 9 vehicles

Four pedestrians (2 each
side)

3-section dual-arrow
vertical

4-section vertical

Portland State

UNIVERSITY

B Oregonstare




Presentation Sequence for Drivers

Signal Display

Indication Sequence

Four Section
FYA Display

Three Section
FYA with a
Bimodal Lens

Portland State

UNIVERSITY

Solid

Phase

Flashing
Yellow
Phase

Solid
Yellow
Phase

" Oregon State

University



Simulated Environment

4 pedestrians, two walking in each
direction

No pedestrians 1 pedestrian walking towards

o
¥ Oregon State
o’ University

Portland State

UNIVERSITY
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Simulated Environment

Finish Line

) Oregon State
University

Portland State

UNIVERSITY
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Primary Data: Driver Glance Fixation Duration

AOI Name Fixation | Total anmtion Average P.'ixation First Fixation
Count Duration Duration Time
Bay 9 3.4 0.378 15.02
FYA 7 3.11 0.444 16.02
Opposing Veh 8 2.72 0.34 2434
OUTSIDE 27 6.19 0.229 14.29
Ped Towards 1 0.2 0.2 29.72

Portland State

UNIVERSITY
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Research Hypothesis 1: Fixations on AQOIs by Signal
Configuration

H,: There is no difference in the total duration of driver fixations during
permitted left-turn maneuvers at signalized intersections operating the FYA
with a 4-section vertical or a 3-section dual-arrow vertical configuration.

Two Signal Configuration

e 3-Section Dual-Arrow Vertical

e 4-Section Vertical

Seven Areas of Interest (AOI)

e Turn Bay * Ped Both

* QOpposing Vehicles ¢ Ped Towards

¢ FYA Slgnal ° Ped Away E as 5 Indicates Flashing
e Ped Area a

¥ Oregon State
University

Portland State

UNIVERSITY
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Fixations on FYA by Signal Configuration

Opposing Vehicles
n=207,207

Ped Both
n=78,309
Turn Bay

n=308,207
Ped Away

n=7/4,76
FYA Signal . M 4-Section

n=308,309
Ped Toward

n=74,78
Ped Area

" 3-Section

n=60,56
4 5

Average Total Fixation Duration (secs)

aﬁ“
Portland State gg‘georlslitsytate

UNIVERSITY




Data Reduction: Pedestrian Location

« A secondary analysis of the data was preformed using
the raw video footage from the eye tracking camera.

* The location as described by Pedestrian Lane Number
(PLN) was recorded at the moment when the driver
Initiated a left turn movement

) Oregon State

Portland State University

UNIVERSITY
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Research Hypothesis 2: Pedestrian Position by Signal
Configuration

H,: There is no difference in the location of the pedestrian in the crosswalk when the
driver initiates a permitted left-turn maneuver at signalized intersections operating
the FYA with a 4-section vertical or a 3-section dual-arrow vertical configuration.

Two Signal Configuration

e 3-Section Dual-Arrow Vertical

e 4-Section Vertical

4 Pedestrian Cases

e Towards Only

 Away Only
e Towards (with peds from both directions)

* Away (with peds from both directions)

¥ Oregon State
University

Portland State

UNIVERSITY
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Pedestrian Lane Locations by Signal Configuration

Both Towards
n=41,42

Toward Only
n=48,44

™ 3-Section
Both Away W 4-Section
n=74,76

Away Only
n=72,100

4 2
Pedestrian Location Number (PLN)

aﬁ“
Portland State gg‘georlslitsytate

UNIVERSITY




Research Hypothesis 3: Fixations on Pedestrians

H,: There is no difference in the proportion of drivers who fixate on pedestrians or
areas where pedestrians would likely be present during permitted left-turn
maneuvers at signalized intersection operating the FYA.

Ped Cases Total Did Not Fixate
Towards 152 10 7%
Away 150 6 4%
Both 309 16 5%

Drivers Failed to fixate on pedestrians in the pedestrians
in the conflicting crosswalk 4% to 7% of the time

) Oregon State

Portland State University

UNIVERSITY
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Conclusions

« A clear gap exists in the traffic engineering profession
with respect to the implications of presenting the FYAIn a
3-section or 4-section vertical configuration

* With respect to the vertical position of the flashing yellow
arrow display, we observed little difference in the visual
search task of drivers

* No statistical difference was found in average fixation durations on
any AOI for 4 or 3 section signal heads

* The position of the pedestrian in the crosswalk when the driver
began the left turn was not statistically different for three of the four
pedestrian walking directions presented

¥ Oregon State
University

Portland State

UNIVERSITY

19



Possible Signal Timing Countermeasures

* Introduce protected left-turn phasing
» No turning vehicles when pedestrian walk + clearance active

* Introduce Leading Pedestrian Interval (LPI)

« Hold turning vehicles, give pedestrians 3 to 7 second head start.
Not as effective for late arriving pedestrians or those crossing from
curb to behind driver.

« Operate permissive interval as protected/permitted

(PPLT) with “pedestrian inhibit” feature

» Delay or cancel the permissive interval when pedestrians present

¥ Oregon State
University

Portland State

UNIVER SILTY
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PPLT without (1) and with (2) pedestrian inhibit

O

4 Flashing with countdown®
! on
A 4

Protected Left Turn Permissive Left Turn Concurrent with

Pedestrian Don’t Walk Pedestrian Walk and Clearance

O

ﬁ]
4 Flaghing with countdown*
: oE
A 4

Protected Left Turn On ped call:
Pedestrian Don’t Walk Pedestrian Walk and Clearance
Red Left Turn

Portland State

UNIVERSITY 21

Steady

No ped call and/or if time remaining:
Permissive Left Turn
Pedestrian Don’t Walk

Oregon State
University
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Seattle Pedestrian Intersection Crashes
2010-2017

1200

1000
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800
Straight
600 35%
400
200 Left Turns
44%
0

2010 2011 2012 2013 2014 2015 2016 2017
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Left Turn Pedestrian Crash Treatments

* Leading Pedestrian Intervals
e Left Turn Signal Separation

* Full Signal Separation
e Addition of Left Turn Lanes

* Turn Restrictions (Major to
Minor)

* Traffic Circles (Residential)

10/25/18 PBIC Crash Types Series @B CEty Of Seattle



Downtown Pedestrian Crash Patterns
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Downtown Pedestrian Crash Patterns
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,Circulat/ion Crash Patte{rns
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Leading Pedestrian Interval (LPI)

Phase 1: Pedestrians only Phase 2: Ped%t\ﬁirwy
o B .‘@
3 0 2 0
N R

 Activate ped signal 3-7 seconds prior to green light
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Leading Pedestrian Interval

* 60% Reduction in
Pedestrian-Vehicle Crashes

* Increased visibility

* Reinforce right of way in
crosswalks (especially for
platoons)

10/25/18 PBIC Crash Types Series @D CEty Of Seattle
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Existing Results to Date 0

e 17 locations installed from
2009-2018 (10 this year) S

* 40-60% reduction in TR
pedestrian collisions

* Average cost S0-S10k per
intersection b b i
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School Crossing - Henderson St & Rainier Ave

* !zour SCh(E)OIS near S.CLOVERDALEST.§ (
Intersection South Lake High School :
. . Dunlap Swim and ; i
* Three crashes involving four  eementary recreationcenter & 2
. School Rainier Beach =
students in 2018 — HighSchool <
* Three serious injuries G e 4 2
rier Beach /\04/ 0 = 5 »
t-rail station «7&(\ ; § &
R S
A wn
N
528
F RAINIER AVE. S.

10/25/18 PBIC Crash Types Series

@B City of Seattle






School Crossing - Henderson St & Ramler Ave

* LPI for all legs (3 seconds) d »::s
* Set all signals to ped recall g |
* Widened crosswalks to 16’

* Shortened crossings

e Right lanes on Henderson
converted to turns lanes
with curb bulbs on farside

10/25/18 PBIC Crash Types Series @E City Of Seattle



Left Turn Signal Separation

e Add left turn arrows at signals

e Consider lagging lefts in areas
with high pedestrian volumes

* Reduces pedestrian phase time
but increases comfort

* Cost: $20,000-580,000

10/25/18 PBIC Crash Types Series @D City Of Seattle



School Crossing - 80th St N & Aurora Ave

- < oI = =1 = |z 2
~ Wlaamdl S = V4 = < 2 g =] = |. w O mrnmssnnnnnn’s T < <
> In [ el | < I o S L R - 0
Wl NesTHsT{; SR N8STHST S Y | | | 2k = G N87TTHS RE e z
zL z afl 2 z Nz - =2 | I G - ]
o S Jf all a2 e = ¥ e, O "
Il i N 85TH ST 2| BE B w = N\ N86THST %3 .
: y, _ < | N 0, i NE8STHST
0 = E $= ZT o R T
MMSC N '84TH STy "” NedtHsT NZ & x P u;g 28 =
» w - i Z 0 <
. School H ~Nes3rpsT N 83RD,ST ||” |§ X \ . High School =N | [z <
| | —_ -l
== S~ W z\||zz . o
) N82ND ST NB2ND ST "I[ = it =i B [ - = | e 1z 5
- Il =|INne2NDST @ Z i
| g z o || N82ND sT >
= w =
N 81ST ST N 81ST ST ”” \ A 2 e \ =}
—— = ] WS <
L J— AN g %
GREENWQ@OD N 80TH ST A SE \ z
g I\ [ el o v a
L] . ol
; TR [ :
N79TH ST N79TH ST N 79TH ST > o w NE 80TH ST
. & Z . >
by <C he w
g | N78THST DANIEL BAGLE LEM  A)S | N7sTH STy e /5 A2 | | 2 1. >
T = T ) -8 & s 1 o o w o
o N 78TH ST I“\ \g‘?’ Nl | B o = P L
\| n77tHsT @S N77THST of| S T - P - = :
= < ] « — AN ’ E L
I = . = 2 o NE77TH ST
2 8 | 4 > z 2N | |
= N76THST || ” N 76TH ST R A & z fu 2
o) L A ~ & 7y 2 Z Iz ¢
w -
E N75TH ST N75TH S b | P N75THST Il = NE75TH STi#=
o ~ k> Iq: [ —— -....u.....‘E
i \ . < o "——[; e -
© N74TH ST EAST GREENLAKE %
I \ 0 B NV O,
Z
~ SFD 21 A 4, |
B N73RD ST

10/25/18 PBIC Crash Types Series @B CEty Of Seattle




10/25/18

School Crossing - 80t

Previous Conditions

* High left turn volumes
from 80t St

* Permissive left turns
e 80t St ADT = 14,000
* Aurora ADT = 35,000
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School Crossing - 80th St N & Aurora Ave

Solution

» Push button call separates FESEEN | & || 447 [
left turns from ped phase gl L "

* No call provides flashing
vellow arrow for lefts
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Signal Separation - 2"d Ave Protected Bike Lanes

Previous Condition

* Permissive left turns

* High volume of left turn
nook crashes with bikes
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Signal Separation - 2"d Ave Protected Bike Lanes

* Added protected/lagging
lefts

* Benefited bikes and peds

* Reduced left turn
pedestrian crashes from
2" Ave by 80%
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Fully Separated Signals - All Way Walk

* Allows diagonal movements during
ped only phase

e Also called Barnes Dance or
Pedestrian Scramble

* Consider where high ped volumes
exist with desire lines in all directions

e Campuses, business districts, tourist
attractions
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Fully Separated Signals - All Way Walk

e Can restrict or allow ped
movements during vehicle phases

* Increased pedestrian comfort
* Can increase pedestrian delay

* Consider blended pedestrian
ramps for ADA

* Cost: 55,000 - 540,000 BN\ \ \\\\ M
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All-Way Walk - 1st Ave and Cherry St

* Installed in 2010
e 15t Ave ADT = 12,000
* 3 injuries prior

e Zero pedestrian
injuries since install
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All-Way Walk - 1st Ave and University St

* Installed in 2010
e 15t Ave ADT = 21,000
* 2 injuries prior

e Zero pedestrian
crashes since install
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All-Way Walk - California Ave and Alaska St

 Installed in 1952

e California Ave ADT =
14,000

e Zero pedestrian
crashes since 2003
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Fully Separated Signals - All Walk Phase

Westla ke Ave & 9“‘ Ave

* No diagonal pedestrian crossing

e Still utilizes ped only phase

* Consider where diagonal crossing
clearance time would be too long

* Cost: SO - S10,000
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Left Turn Lanes at Uncontrolled Intersections

* Can reduce total crashes by
30-40% (FHWA)

* Reduces stress and
pressure on driver

\"\

* Consider if there are a high
number of driveway cuts

* Road diets can provide
corridor wide left turn lanes
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Road Diets

BEFORE
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Left Turn Restrictions

* Consider for high ADT/speed
streets to residential streets

e Utilize hardscape to formalize
restrictions

* Consider combining with
pedestrian medians
(45% ped crash reduction)

10/25/18 PBIC Crash Types Series @D City Of Seattle






L el
DICars




Residential Traffic Circles

il

* Utilize on low speed residential
streets

* Slows left turning speed
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Questions?

bradley.topol@seattle.gov
206-233-3855
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Discussion

= Send us your questions .ﬁ____a

= Follow up with us:

= Libby Thomas thomas@hsrc.unc.edu

= David Hurwitz david.hurwitz@oregonstate.edu

= Chris Monsere monsere@pdx.edu

= Bradley Topol bradley.topol@seattle.gov

= General Inquiries pbic@pedbikeinfo.org

= Archive at www.pedbikeinfo.org/webinars

PBIC Webinar pedbikeinfo.org

f & @pedbikeinfo
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