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F~CUTIVE SUMME~,RY

The aspect of pedestrian safety that this project addresses is:

on a one-way syetem,' ~prelimin.ary evidence indicates that pedestrians in

crosswalks are hit about twice as often by vehicles making 1ef t-turns

than vehicles,~making tight-turns. That is, pedestrian accident experience

in the crosswalk where pedestrians share the green with left-turning

vehicles is significantly higher than in the crosswalk where the pedestrians

share the green with right-turning vehicles.

In England, where the driver's seat is located on the right, th e

crosswalk where pedestrians share the green with the right-turning traffic

has an accident experience twice that of the crosswalk where the pedes-

trians share the green with left-turning vehicles. The question "why

should a lef t-turning vehicle be twice (at least) as probable •to strike a

pedestrian in a crosswalk than aright-turning vehicle?" will ~be addressed

in this study.

The obi ective of this research is to identify the unique causal

factors controlling accidents experienced on different crosswalks of inter-

sections on one-way street networks. Identifying these causal factors will

help local traffic engineers and policy makers accommodate these unique

characteristics in planning, controlling or redesigning one-way street

networks.

RESEARCH TECHNIQUE

A basic component of our approach to this research involved the

establishing and collection of data at a set of intersections for which

a complete set of accident records were available. Test intersections of

the same operation and geometric characteristics were selected. In ad-

dition, one long section of arterial,(20 or more blocks was also 
evaluated.

Geometric characteristics, parking regulations, pedestrian and t
raffic

movements, crosswalk orientation with respect to the sun, and other inter-

section attributes were documented for each test intersection. All inter-

sections were located in Manhattan, selected for its large one-way str
eet

network.

i



Th.e pedeatzian--accident experience on the confl~.ct crosswalks wascollected fox each test intersect~.on for a period of a little more ,than four
years 01972-early 1976). TTze t3.m.e of accidents, tie characteristics ofthe pedestrian Ce. g. , age, etc.) , the model of the vehicle, the cause ofthe accident -- such as the pedestrian anal/or the driver (vehicle} actionsand other pertinent information that contributed ~o pedestrian accidents .~
at street intersections ~- were extracted from the accident files. Thestudy also employed manual tallies of pedestrian and vehicle movementsat test intersections. A moving-car experiment at intersections that havethe highest accident frequency was conducted with the aid of a moviecamera.

Information on traffic accidents was acquired from the New YorkCity Police Department. Other sources were the New York City TrafficDepartment aid from the project study team that did the pedestrian andtraffic movement tallies. The following table summarizes the data used.

STRUCTURE OF GENERAL, DATA Bf~SE

Precinct Number
Accident Number
Date
Time (military)
Day of the Week
Number Killed
Number Ind ur ed
Primary Street Code
Intersecting Street CodeWeather and Road ConditionAction of Pedestrian
Age Group of Pedestrian
Apparent Cause -Vehicle ~~1Apparent Cause -Vehicle ~~2Primary Street -Alphabetic NameIntersecting Street -Alphabetic NameDirection -Vehicle
Direction -Pedestrian
Action of Vehicle ~~l
Action of Vehicle ~2

ii



• ADDITIONAL DATA FOR TEST INTERSECTIONS

~~~ Vehicle Year (last 2 digits)
.. •a~ ~ :,'. ~ ~ -. . Vehicle Model ~ ~ ,

,. < , , ... . Vehicle Body Type
Sex of Driver

• Sex of Pedestrian
Residency of Driver
Residency of Pedestrian

.~ Light Condition
Seat Belts
Type of Injury
Type of Physical Complaint
Traffic Volumes
Pedestrian Volumes
Parking Regulations

* Field .Inventory Data_ _ _,

. ANALYSIS AND RECOMMENDATIONS

TY.~ basic analysis procedure was to compare attributes of left-

turning accidents and from right--turning accidents. Where

differences could be identified for a particular attribute, measures

were put forward that attempt to remedy the situation, either through

implementation or future research. The following are~some of the

~✓ findings .

Non-Contributing Factors

The following is a listing of factors that do not contribute

to explaining the difference between left and right-turning accidents

• Pedestrian Age
• Day of~Week and Month of Day
~ Curbside Parking Regulations

.Length of Crosswalk
~ Pedestrian Actions

Contributing Factors

The following is a listing of factors that explain some of

the differences between left and right-turning accidents,

iii



• Lighting
~ A-Pillar Visibility Limitations. Driver Habits
~ Signal Placement

Recommended Countermeasures

The following outlines the proposed recoummended counter-measures that address the above mentioned contributing factors.(1) Extensive driver education to improve awareness ofhazardous left-turning maneuvers.
(2) Redesign of vehicle to improve sight angles. Optimumcondition is design where left-turning sight angles are the same asright-turning sight angles. Also recommended is an elimination ofvent-window design and increased windshield wiper area.
(3) Additional traffic signal should be placed abovethe turning crosswalk at the far side of the intersection in order.to improve driver's target detection and to increase eye contact.(4) Improved lighting; a clear sidewalk 50 feet upstreamof intersection; a 12 to 15 foot parking lane; and a 3 foot indentation(into the block) of the turning crosswalk are all reco~nended environ-mental changes.
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CHAPTER I

PROJECT REVIEW AND OBJECTIVES

The aspect of pedestrian safety that this project add
resses is:

on a one-way system, preliminary evidence indicates t
hat pedestrians in

crosswalks are hit about twice as often by vehicles
 making left-turns than

~~
vehicles making right-turns. ~1' That is, pedestrian accident experience

in the crosswalk where pedestrians share the green wi
th left-turning vehicles

is significantly higher than in the crosswa
lk where the pedestrians share

the green with right-turning vehicles (see Figure 1).

In England, where the driver's seat is located on th
e right, the

crosswalk where pedestrians share the green with the ri
ght-turning traffic

has an accident experience twice that of th ~~~ osswalk
 where the pedestrians

share the green with left-turning vehicles ~talso see AppE~ndix 1). The

~uestion~~why should a left-turning vehicle b
e twice(a~ least)~as~probable'to strike

a pedestrian in a crosswalk than a right-
turning vehicle?~~ will be addressed in

this study.

The objective of th~.s research is to identify the uniqu
e causal

factors controlling accidents experienced on differ
ent crosswalks of inter-

sections on one-way street networks. Identifying these causal factors

will help local traffic engineers and policy rakers 
accommodate these unique

characteristics in planning, controlling or redesig
ning one-way street net-

works. Should the causal factors only be vehicle-related, spe
cific proposals

will be made to the National Highway Traffic Safety Adm
inistration (NHTSA)

or other appropriate agencies.

Identifying the causal factor (s) will identify the
 actions to be

taken:

• Develop preliminary design to improve a causa
l condition.

• All "design" work will depend on the identificatio
n of the

causal factor (s) .

• Develop a usable plan that can be applied to urban
 areas in

short-term future.

• It may be necessary to design an education pro
gram to be inputted

into drivers education courses and State Moto
r Vehicle manuals to

make new drivers aware of the problem.

• Identify further research needs based on project fin
dings.
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FIGtTRE 1. ONE-WAY INTERSECTION LAYOUT
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RESEARCH TECHNIQUE

A basic component of our approach to this research involv
ed the

establishment and collection of data at a set of intersec
tions for which

a complete set of accident records were available. Test intersections of

the same operation and geometric characteristics were se
lected. In

addition one long section of arterial, 20 or more bloc
ks was also evaluated.

Geometric characteristics, parking regulations, pedestri
an and traffic

movements, crosswalk orientation with respect to sun, 
and other inter-

section attributes were documented for each test inters
ection. All inter-

sections were located in Manhattan, selected for its 
large one-way street

network.

The pedestrian-accident experience on the conflict cross
walks was

collected for each test intersection for a period a litt
le more than four

years (1972-early 1976). The time of accidents, the characteristics of

the pedestrian (e.g., age, etc.), the model of the
 vehicle, the cause of

the accident--such as the pedestz~an and/or the driver
s (vehicle) actions

and other pertinent information that contributed to pedest
rian accidents

at street intersections-were extracted from the accident 
files.

The study also employed manual tallies of pedestrian an
d vehicle

movements at test intersections. A moving-car experiment at intersections

that have the highest accident frequency was conducte
d with the aid of

movie cameras.

The data collected was evaluated in an attempt to iden
tify one or

more of the following as the causal factors of pedestrian-
vehicle inci-

dences at intersections:

• Roof-support impedance to visibility. 
.. .;~,~,. ..

• Approach speed of turning vehicle. 
'~~"'~_'

• Parking regulations. 
:~

• Illumination of intersection.

~ Climatic conditions.

• Intersection geometries.

• Intersection control.

~ Others.

Information on traffic accidents was acquired from the 
New York City

Police Department. Other sources were the~New York City Traffic Department

and from the project study team that did the pedestrian 
and traffic movement

tallies.
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REPORT ORGANIZATION

The remainder of phis report is organized into three components.Chapter 2 presents the actual data collected and analysis of accidents ofa large data set and their subsequent causal factors. Chapter 3 presentsanalyses of the data at the selected intersections and shows comparisonbetween the accidents involving left-turning vehicles, through and right-turning traffic. Chapter 4 deals with conclusions and reconunendations.

U
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CHAPTER 2

DATA INVENTORY

The approach to this work task in regard to the problem addressed

by this study necessitated obtaining pedestrian accident data for
 a period

of at least three years. The following data elements were desired to help

accomplish the investigation requirements:

• The time and cause of accidents and other related infor-

mation as extracted ,from accident reports, insurance

claims and/or hospital records.

~ Geometric characteristics, parking regulations, pedestrian

and traffic counts, crosswalk orientation with respect to

ttie sun and other intersection attributes with documentation

for each test intersection;

• The make-model and model year of vehicle involved, roof

support identification, i.e., the driver's obscured field

of view; and

• The characteristics of the pedestrians involved in the

accident, i.e., age, sex, physical condition, etc.

Information on pedestrian-vehicle accidents for the period 1972 t
o early

1976 was supplied by the New York City Police Department. Manhattan, ..

New York City was selected for this pedestrian safety study because it is

one of the most densely populated cities in the United States and ha
s a

grid pattern of street systems, most of which is one-way.

The NYCPD provided data for all accidents in Manhattan over the 19
72

early 1976 period. From this data, pedestrian accidents at signalized inter-

sections were extracted to form a subset. A review of this subset indicated

that there were selected precincts primarily in the midtown and down
town

areas, where the one-way grid street sgstem was dominant. Thus a project

study area was derived.
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SELECTION OF STUDY AREA 
(~
~✓

The project study area is located in Mid-Manhattan bordered bq110th Street on the North, Franklin D. Roosevelt Drive (FDR) on the East,Houston Street on the South, and the West-Side Highway from Houston Streetto 59th Street and Eighth Avenue from 50th Street to 110th Street on theWest. This area also- includes Manhattan Police Precincts 4, 6, 9, 10, 13,14, 17, 18, 19 and 23 (see Figure 2). There were 2217 pedestrian accidentsof interest at approximately 730 intersections in this project study area.

PRELIMINARY SELECTION OF ARTERIALS AND INTERSECTIONS

A representative north-south arterial within the project study areawas also selected and analyzed with regard to traffic flow characteristicsand pedestrian accident history. Accident data at each intersection alongthis arterial was a re aced to re resent an overall view of edestrian- ~...~`

gg g P 
Pvehicle accident occurrence over a length of the arterial. This evaluationsupplemented the analyses at selected intersections. The selection of thearterial was based on:

~ I~'requency of left-turn pedestrian-vehicle accidents .
• Mileage of arterial which passes through residential andcommercial district

• Number of sensitive locations bordering the arterial; e.g., ,
school, hospitals, etc.

First and Second Avenues have the highest occurrence of left-turnpedestrian-vehicle accidents. In addition, these two avenues traversesimilar land use - high density residential and commercial - and both arebordered by several schools and hospitals. -
The selection of Second Avenue between 34th Street and 58th Streetas a representative arterial was made because of its highest frequency ofleft-turn pedestrian-vehicle accidents. This section is bordered by sevenschools and one hospital.
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In addition to the arterial section, eighteen intersections wereselected f yr study throughout the project area. These eighteen intersectionsinvolved a minimum of four left-turn pedestrian-vehicle accidents throughoutthe duration of the analysis period. They included l3 in which both streetsate one-way and five in which one street i; one-way and the other two-way.Table 1 identifies these 18 intersections.

TABLE 1 -- SELECTED INTERSECTIONS

One-Way/One-Way
Primary Street Secondary Street Left-ern Accidents

First Avenue 59th Street 7
Eighth Avenue 49th Street 7
First Avenue 4th Street 5
Second Avenue 49th Street 5
Eighth Avenue 40th Street 5
Eighth Avenue 55th Street 5
Avenue of the Americas 21st Street 4
Avenue of the Americas 51st Street 4
First Avenue 12th Street 4
Second Avenue loth Street 4
Second Avenue 58th Street 4
Secona Avenue 59th Street 4
Fifth Avenue 60th Street 4

One-Way/fro-Way
Second Avenue 86th Street 9
Lexington Avenue 34th Street 4
Avenue of the Americas 42nd Street 4
Broadway 57th Street 4
Second Avenue 42nd Street 4

\~J



DATA ELEMENTS

The accident data used in this project was taken exclusively from

the standard NYCPD accident forms (See Figure 3). Three data sets were

developed for the analysis procedure. These are defined blow:

Study Area Data Set - All intersection pedestrian accidents

in the study area as shown in Figure 2

during the analyses period - 2217 accidents.

Test Data Set - All intersection pedestrian accidents at the

43 test intersections, 225 accidents......

Combined Data Set - All intersection pedestrian accidents at the

43 test intersections Plus all other right-

turn pedestrian accidents from 'the study area

data base - 455 accidents.

The basic information provided on computer tapes by the New York City

Department of Traffic in the study area data set did not include some im-

portant variables. Therefore, after selecting the test intersections, hard

co ies of the accident re ort forms were retrieved and additional informationP P

appended to the information already on the study area. data set. A test data

set was thereby developed. Table 2 shows the elementsN_comprising each data set.
.. '',

The need for the combined data set was to have more right-turn accident

samples, due to their relative scarcity in the test data set. It was assumed

that there are no differences between the characteristics of the right--turn

accidents of the study area and of the hest intersections. The combined data

set was used ti~here the number of right-turn accidents from the test data base

was too small to provide meaningful comparisons with left-turn accidents in

specific ana~ys~s~

Table 3 is a segregation of the data elements for the pedestrian/vehi
cle

accident system. It should be noted again that all accidents occured at

signalized intersections.
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PEDESTRIAN LOCATION1. Ped~strion at Inter~~ction2. Pedsstrion Not of Intersection
PEDESTRIAN ACTION1. Crossing, With Signol2. Crossing, Against Signcl3. Crossing, No Signal, Mork~d Crosswolk4. Croisinq, No Signal or Crosswalk5. Walking Along Highway With Traffic6. Walking Along Highwoy Agoinst Traffic7. Emerging from in Front of/Behind Pork~d Vehicle8, Child Getting On/Off School Bus9. Getting On/Off Vehicle Other Thon School Bus10. Pushing/Working On Car1 1. Working in Roodwoy12. Playing in Roodwoy13. Other Actions in Roadway*14. Not in Roodwoy ~Indicot~)*

TRAFFIC CONTROL 6. Officer/Flogman/Gucrd1. Non• 7. No Passing Zon•Z Traffic Signal B. RR Crossing Sign3. Stop Sign 9. R R Crossing Flashing Light4, Flashing Light 10. RR Crnssinq Gct~s5. Yield Sign 20. Other*

LAND USAGE OF
ACCIDENT LOCALITY1. School/Playground

I f No School/Playground
Select One Blow

2. Ong/Two Family R~sidsntiol3. Aportm~nt R~sidsntiol4, Businssa/Shoppinq5. Industrial/Manufacturing6. Agricultural/Undevslop~d7. Recrsctio~cl/Park/Comping

APPARENT CONTRIBUTINGFACTORS
1. Non•

HUMAN
2. Alcohol Involv~m~nt3. Rocking Unsaf~lyd, privet Inottention (Indicot~)*5. Driver Inoxperi~nce (Indicot~)*6. Drugs (Ill~gol)
7. Failure ~o Yield Right-of-Way8. Fell Asleep
9. Following Too Closely10. Illness

1 1. Lost Conseiousn~ss12. Passenger Distraction13. Passing ar Lane Usogs Improper14. Pedestrion~s Error/Confusion15. Physical Disability16. Prescription M~dicction17. Traffic Control Device
Disrsgord~d

18. Turnin9lmprop~rly19. Unsafe Spssd
40. Other

VEHICULAR41. Ac~elerotor D~f~ctiv~ ~ ~~42. Brokss D~f~ctiv•43. Headlights Def.ctiv• V~h(cl• \
M gr44. Other Lighting Dsiects ~45. Ovsrsiz~d VehicleA6. Steering Failure

47. Tire Failur./Inod~quots48. Tow Hitch Defective49, Windshield Inadequate Vehicles60. Other*
~ p

ENVIRONMENTAL61, Animcl~ s Action62. Glare
63. Lane Marking Improper/Inodequote
64. Obstructior~De6ris Vehicle65. Pov~mant Defective 2166. Pavement Slippery

2
67. Shoulders Defsetiv✓Improper68. Traffic Control Device

I mproper/Non-Working Y~hicl~69. View Obstruct~d/Limited 22ZB0. Other* /

State of New York
Department aF Motor Vehicles

POLICE ACCIDENT REPORT (N.Y.C.)
MV~104 AN (~/7L)

* EXPLAIN IN ACCIDENT DESCRIPTION
IF A QUESTION DOES NOT APPLY, ENTERA DASH (-1.
IF AN ANSWER IS UNKNOWN, ENTER AN "X"

ROADWAY CHARACTER I1. Straight and Lev•I
2. Straight and Grod•
3. Straight of Hillcrest4, Curve and L~v~l
5, Curve and Grcda
6. Curve at Hillcr~st

ROADWAY SURFACE
CONDITION

1. Dry 4, Snow/Ice2. Wet 5. Slush3, Muddy 10. Other*'

WEATHER
1. Cl.c.
2. Cloudy
3. Rain
4. Snow
3. Sl~~r/Hail/Fre~:inq Roin6. Fog/Smog/Smoks10. Ocher*

WHICH VEHICLE OCCUPIED
1. V~hiclsNo.1 B. Bicyclist 0. Other*2. V~hicleNo.2 P. Ped~strion

POSITION IN/ON VEHICLE
1. Driver 2-7. Poaseng~rsB. Riding%Hongin9 On Outside

SAFETY EQUIPMENT USED1. Ho R~stroint Ussd2. Lop B~It
3. Harness
4. Lop Bslt and Hcrn~ss

1 2 3 5• Child R~stroinf
10. Other*

4 5 6 
EJECTION FROM
VEHICLE7 1. Nor Ejected
2. Pcrtially Ej~ct~d3, Ej•crsd

AGE ~5
8 9 0 11 1 13

LOCATION OF MOST SEVEREPHYSICAL COMPLAINT1. Head
2. Focs
3. Ey•
4. Neck
5. Chest
6. Bock
7. $houlder•Upp~r Aim
B. E Ibow•Lowar Arm-Mond9. Abdomen -Pelvis

10. Hip-Upper Leg
1 1. Knee-Lower Leg-Foot12. Entire Body

DIRECTION
OF TRAVEL N V•hicl.

B ~ 2
W 7-=~3 E

6 S 4~

~ 23

V~hicls

S
24

~ /
PRE•ACCIDENT VEHICLE ACTION1. Going 5froighr Ahead2. Making Right Turn
3. Making Left Turn

Y~hicl•
4, Mcking U Turn

~5. Slatting From Parking ~6. Starting in Traffic
7. Slowing of Stopping
8. Stopped in Traffic
9. Ent~rinq Parked Position10. Pcrk•d

1 1. Avoiding Object in Roodwny V~hicl•
26

12. Changing Lanes 213. Overtaking
14. Meryi~p
15. Rocking
20. Other*

LOCATION OF FIRST EVENT1. On Roodwoy
772. OFf Roodwoy

TYPE OF PHYSICAL
TYPE OF ACCIDEtJT

COMPLAINT
COLLISION WITH

~
1. Amputation

1. Other Motor V~hicl•
~ 2. Concuss;o~

2. Pedestrian3. Internal
3. Bicyclist4. Minor Bleeding
Q. Animal 

First

5. Severe Bl~sding
5. Railroad Train 

28

6. Minor Burn
10, Other Object (Not Fixed)* Event

7. Mod~rots Burn
COLLISION WITH FIXED OBJECT

8. Sevst~ Burn
11. Light Support/Utility Pols

9. Froctur. -Dislocation 12. Guide Roil10. Contusion -Bruise 13. Crash Cushion 
V~hicl•

1 1. Abrasion

e•
Post 

~q
12. Complaint of Poin 15. T ~ ,13. Non• Visible 16. Building/Woll

17. Curbing SECOND18. Fenc. 
EVENT

VICTIM'S PHYSICAL ANDEMOTIONAL STATUS
19, Bridq• Structure
20. Culvert/Had Woll I _Y~hicl~

1. Apperent Death 2l. M~dior✓Borri~r '-I Z 30
2. Unconscious 22. Snow Embcnkm~nt3. S~miccnscious 23. Earth Embonkm~nt/Rock Cut/Ditch
4. Incoherent 24. Fir• Hydrvnt5. Shock

30. Other Fixed Obj.ctx6. Conscious
NON-COLLISION

31. Overturned
32. Firs/ExplosionINJURED TAKEf~i 33. Submersion
14. Ron Off Roodwoy Only17 BY TO 18 40. Other* 

_

FIGURE 3. ACCIDENT REPORT FORM 1 OF 2
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TABLE 2 - STRUCTURE OF DATA BASE

DATA ELEMENTS

Precinct Number
Accident Number
Date
Time (military)
Day of the Week
Number Killed
Number Ind ured
Primary Street Coden Intersecting Street Code"'~ Weather and Road Conditions;~ "' Action of PedestrianQ ~ Age Group of Pedestrianc~ A Apparent Cause - Vehicle~~ Apparent Cause - Pedestrian

~
~ ~ Primary Street - Alphabetic Name~ ~~ Intersecting Street - Alphabetic Name~, ~, o Direction - VehicleQ "'~ Direction - Pedestrian~, Action of Vehicle ~~1~ Action of Vehicle ~~2~' Vehicle Year

Vehicle Model
Vehicle Body Type
Sex of Driver
Sex of Pedestrian
Residency of Driver
Residency of Pedestrian
Light Condition
Seat Belts
Type of Injury
Type of Physical Complaint
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TABLE 3 - PEDESTRIAN/VEHICLE ACCIDENT SYSTEM

1~'I

Parlc~etri an

Action of Pedestrian
Age Group of Pedestrian
Apparent Cause-Pedestrian

Direction of Pedestrian
Sex of Pedestrian
Residency of Pedestrian
ape of Injury
Type of Physical Complaint

Number Killed
Number Injured

Driver

Sex of Driver
Residency of Driver

Seat Belts

* Appended data for test intersec*ions

Va}~i rl n

Apparent Cause - Vehicle
Direction - Vehicle
Action of Vehicle
Vehicle Year
Vehicle Model
Vehicle Body ape

F.nvi rnnman t

Precinct•Number
Date
Time
Day of Week
Primary Street Code/Name
Intersecting Street Code/Name
Weather and Road Conditions
Light Conditions
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It should be noted that especially for the appended dataelements shown in Table 3., reporting on the accident forms was notalways done, thereby further reducing data elements for specific analyses.

GENERAL DESCRIPTION OF DATA BASE

The following section provides selected summaries of the 2217 re-
cords for the project area. These are presented to assist in a general
description of the utilized data. All tables present below do not dis-
tinguish between the various turning accidents. This is addressed in
detail in Chapter 3.

The annual number of pedestrian accidents within the study area
for the period 1972 to early part of 1976 is summarized in Table 4.
Table 5 indicates the trend in accidents by months There is a significant
rise from September through November leading to a peak during the Christmas
shopping month of December. On the whole this period through the winter is
the season of highest accidents.

Tables 6 and 7 relates the number of accidents to the time of day
and day of week. They illustrate that the highest incidence occurs during
the evening rush-hour. The day of week data coincides with the standard
daily traffic volume distribution.

In terms of weather conditions, most accidents occurred in clear
dry weather. Rain and clear wet conditions followed far behind with other
conditions scarcely represented (see Table 8).
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based on pedestrian-vehicle volume as determined by exposure rate method,

shows that the frequency of 'accident involvemnt of left-turning vehicles

is not influenced by different exposure as the sum of all left-turn ex-

posure rates is almost the same as tie sum of all right-turn exposure rates

Thus, the accident problem being evaluated does not stem from an imbalance

of pedestrian and vehicle movements at intersections in the study area.

In addition to these counts super 8 uun movies were taken while

driving in the study area. Filming offered a valuable supplement to the

statistical data collected. Time lapse photography (at 0.5 sec. and 1.0

sec. intervals) as well as continuous filming was used to try to simulate

driver perception under normal driving conditions Figure 3A~ Time lapse

photography helped illustrate how crossing pedestrians can go unnoticed to

the driver, or be within the driver's blacked arc of vision (primarily block
ed

by roof support) while taking his eyes off the road for a half-second or

one second (simulates the driver glancing at a traffic signal or other

distractions).

~~ ~.~

SUMMARY

The combined accident record data, field inventory counts aad

limited filming provided the research team with the quantitative elements

to procede with the conduct of the study. Chapter 3 presents all evaluations

of these data elements.
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TABLE ~i -- YEAR OF ACCIDENT

RelativeAbsolute ~equencyCategory Label Frequency (percent)
1972

638 28.8
1973

549 24.8
1974

487 21.91975
539

24.3
1976

4 0.2
TOTAL 2,217 100.0

TABLE 5 -- DATE OF ACCIDENT

RelativeAbsolute FrequencyCategory Label frequency (percent)
January

191
8.6February

214
9.7March

223 Z0.1April
198

8.9May
194

8.8June
159

7.2July
129

5.8August
131 5.9September
163

7.4October
184 8.3November
200 9.0December
231 10.4

TOTAL 2,217 100.0
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TABLE 6 -- CMILITARY) TIME OF ACCIDENT

Relative

Absolute frequency

Category Label frequency (percent)

12;00 Midnight 58 2.6

1:00 A.M. 42 1.9

2:00 A.M. 28 1.3

3:00 A.M. 21 0.9

4:00 A.M. 18 0.8

5:00 A.M. 7 0.3

6:00 A.M. 11 0.5

7:00 A.M. 33 1.5

8:00 A.M. 96 4.3

9:00 A.M. 111 5.0

10:00 A.M. 95 4.3

11:00 A.M. 120 5.4

12:00 Noon 169 7.6

1:00 P.M. 138 6.2

2;00 P.M: 134 6.0

3:00 P.M. 169 7.6

4:00 P.M. 164 7.4

5;00 P.M. 182 8.2

6:00 P.M. 138 6.2

7:00 P.M. 127 5.7

8:00 P.M. 107 4.8

9:00 P.M. 88 4.0

1000 P.M. 88 4.0

11:00 P.M. 72 3.2

12:00 Midnight 1 0.0

Total 2,217 100.0
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TABLE 7 -- DAY OF WEEK ACCIDENT OCCURRED

RelativeAbsolute
~equency

Category Label ~equency (percent)
Sunday

177
8.0Monday

342
15.4Tuesday

336
15.2Wednesday

351
15.8Thursday

356
16.1FY+iday

3 83
17.3Saturday

272
12.3Total 2,217

100.0

~~J
TABLE 8 -- WEATHER AND ROAD CONDITIONS

RelativeAbsolute
Frequency

Category Label ~equency (percent)Clear-Dry
1,608

72.5Clear-Wet
115

5.2Clear-Ice/Snow
21

0.9Rain-Wet
409

18.4Rain-Ice/Snow
7

0.3Snaw-Wet
23

1.0Snow-Ice/Snow
15

0.7Fog-Wet
6

0.3Muddy
1

0.0Freezing Rain-Ice/Snow 5
0.2Other

7
0.3Total I 221 100.0
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Table 9 provides a description of the "situation" preceeding the

accident. Most pedestrian accidents at the intersections occur when

pedestrians cross with signal, implying that they are turning accidents.

This is a surprisingly large percentage.

For several reasons pedestrian initiated actions, as determined by

the traffic police, were a "contributing circumstance" in a majority of

pedestrian-vehicle accidents (Table 10). The pedestrian "failure to yield to

$ehicle" when combined with other "pedestrian's Action" provides a category

that exceeds all others for'~reported data. On the vehicular side, the

driver's judgement, rather than mechanical failure, is indicated by the

data as being the major contributing circumstance (see Tables 9 and 10).

The action of vehicles prior to accident clearly shows that vehiclesf

making a left turn at an intersection are more prone to incidence with a

pedestrian in the crosswalk as compared to a vehicle making a right turn.

Table 11 shows that vehicles making a left turn at intersections are in-

volved in accidents approximately twice as frequently as those makir_g a

right turn.

Table 12 illustrates the breakdown of pedestrian-vehicle accident by

age. Approximately 22% of pedestrian accidents within the project area

and period of study involved adults between 21 year's and 30 years of age,

25o involved adults between 31 years and 60 years, 26% involved elderly

between 61 years and 80 years, while about 8% involved very old people ab
ove

80 years and youths less than 15 years old.
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TABLE 9 -- ACTION OF PEDESTRIAN PRIOR TO ACCIDENT

RelativeAbsolute FrequencyCategory Label ~equency (percent)
Crossing With Signal 1,237 57.6Crossing Against Signal 533 24.8Crossing: No Signal 23 1.1Crossing; No Signal or

Crosswalk 15 0.7Coming from Behind
Parked Vehicle 38 1.8Playing in Roadway 10 0.5Crossing Road Not at
Intersection

30 1.4Getting On/Off Bus or
Other Vehicle ~20 0.9Working in Roadway 25 1.2Working in Road With/
Against Traffic 13 0.6Not in Road

23 1.1Other
l82 8.5

Total 2149 100.0
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TABLE 10-- APPARENT CONTRIBUTING CIRCUMSTANCES

Relative
Absolute Frequency

Category Label Frequency- (percent)

Speed Too Fast for Conditions 29 1.3

Failing to Keep Right 7 0.3

Failing to Yield Right of Way
to Vehicle 235 10.6

Failing to Yield Right of Way
to Pedestrian 388 17.8

Following Too Closely 5 0,2

Backing Unsafely 77 3.5

Reckless Driving 8 0.4

Driving While Intoxicated 15 0.7

Driving While Ability is
Impaired 2 0.1

Improper Passing 2 0.1

Improper Turning 15 0.7

Unattended: Rolling
Downhill l 0.0

Failing to Obey Signal 31 1.4

Wrong Way: One-Way
Thoroughfare 1 0.0

Defective Brakes 5 0.2

Improper Parking 1 0.0

Pedestrian's Actions 222 10.2

Defective Equipment 4 0.2

Missing 1132 52.0

Missing Data `______

Total 2,180 100.0
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TABLE 11 -- ACTION OF VEHICLE PRIOR TO ACCIDENT

Relative
Absolute FrequencyCategory Label Frequency (percent)

Straight 1,021 51.4
Passing 3 0.2
Right Turn 260 13.1
Left Turn 492 24.6
U-Turn 1 0.1
Backing 94 4.7
Start in 'Traffic 34 1.7
Stopped in TY~affic 28 1.4
Start from Park 10 0.5
Slowing lI O.E
Skidding 4 d.2
Parked 9 0.5
Other 20 1.0 .
Out of Range 179 Missing

Total 2166 100.00

C
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TABLE 12 -- AGE GROUP OF PEDESTRIAN

Relative
Absolute Frequency

Category Label Frequency (percent)

Under 5 years 16 0.7

5 to 10 years 62 2.9

11 to 15 years 60 2.8

16 to 20 years 108 5.0

21 to 30 years 506 23.6

31 to 40 years 301 14.0

41 to 50 years 253 11.8

51 to 60 years 223 10.4

61 to 70 years 282 13.1

71 to 80 years 293 13.7

Over SO years 42 2.4

Total 2,146 100.0
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O
The distribution of accidents within the study area (see Figure 2)by police precinct is illustrated in Table 13.

TABLE 13 -- NUMBER OF PRECINCT

RelativeCategory Precinct Absolute FrequencyLabel Number Frequency (percent)

4 19 0.9
6

96 4.3
9 130 5.9
10 101 4.6
13 189 8.5Midtown North 14 482 21.7
17 236 10.6Midtown South 18 393 17.7
19 341 15.4
23 230 10.4

Total 2,217 100.0

Tables I4 and 15 show accident fatalities and injury. Due~o their nature, almost all pedestrian accidents are either fatalor injury accidents.

TABLE 14 -- NUMBER OF PERSONS KILLED IN ACCIDENT

RelativeNumber Killed ~ Absolute Frequency
Frequency (percent}

0.
2,193 I 98.91.

24 i 1.1
Total 2,217 1Q0.0
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TABLE 15 -- NUMBER OF PERSONS INJURED IN 
ACCIDENT

Relative

Absolute Frequency

Frequency (percent)

p. 6~ 3.0

1, 2,047 92.3

2. 86 3.9

3. 11 0.5

4, 3 0.1

5. 2 0.1

g. 1 0.0

~ Total 2,217 100.0

~'J

FIELD DATA COLLECTID

Ten hour directional traffic and pedestrian volumes were counted for

each selected intersection during the third week of February. In addition

parking regulations were recorded for each approach leg (by direction) of

each test intersection. The purpose of these counts was to provide quan-

titative description of the pedestrian/vehicle conflicts at the test inter-

sections. An exposure rate for each crosswalk was calculated based on traffi
c/

pedestrian volumes. This exposure rate, E, was defined as a ratio of the

product of pedestrian and traffic volume to their sum:

E ~ (PV/P+V)

Where E = Exposure Rate

P = Pedestrian Volume

V - Vehicle Volume

Table 16 presents the exposure rates for each crosswalk for turning

vehicle/pedestrian conflicts. Data was not completely available for two

test intersections. It should also be noted that, due to severe snow

conditions in the Winter of '78, this field counting program was delaye
d

for several weeks. A general assessment of pedestrian vehicle incidence,
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TABLE 16 -- EXPOSURE RATES AT INTERSECTSONS

Left-`I~*n Ri ht-Turn
Major Minor Major MinorIntersection
Street Street Street Street

First Avenue ~ 4th Street 540 ---- ---- 450Eighth Avenue ~ 55th Street --- 847 1,120 ---Second Avenue ~ 40th Street 1,920 l --- ----- 1,601Second Avenue ~ 49th Street 781 --- ----- 1,391Eighth Avenue ~ 49th Street ----- 662 X80 -----Sixth Avenue ~ 21st Street ----- 992 1,007 -----Sixth Avenue ~ 51st Street ----- 2,473 3,443 -----First Avenue ~ 12th Street 619 ----- ----- 339Second Avenue ~ 14th Street ----- 789 1,365 -----Lexington Avenue ~ 34th Street 2,539 1,182 1,668 906Sixth Avenue ~ 42nd Street 453 549 2,236 639Broadway ~ 57th Street 940 X1,986 4,Q89 686Second Avenue ~ 42nd Street 1,629 12,283 2,116 1,427Second Avenue ~ 58th Street ----- •1 356> 1 252> -----Eighth Avenue ~ 40th Street 2,128 ----- 1,631 -----Second Avenue ~ 86th Street ----- 844 ----- 674Total 11,549 13,963 20,807 8,113

25,512 28,920
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FIGURE 3A

"' HEADSET APPARATUS FOR FILMING
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ANALYSIS OF DATA

A combined data base of right-turn accidents from the project
area data base, left-turn and through accidents from the data set of
selected intersections and arterial section is used for the analyses in
this chapter. This dada base is comprised of 455 accident records: 110
left-turn, 260 right-turn, and 85 through accident and is used to compare
the percentage frequency of left-turn, right-turn, and through vehicle-
p~destrian accidents in regard to accident location, time of accident,
accident severity, weather and road conditions, age distribution of ped-
estrians and, action of pedestrians and vehicles prior to the accidents.
In addition to frequency comparisons, cross-tabulation analysis was used
onl for the data set of test intersections and selected arterial, which
comprised of 225 accident records: 110 left-turn, 30 right-turn, 85
through accidents. These crosstabulations depict vehicular movement with

d e

regard to time of accident, vehicle make, vehicle year, vehicle bo y typ ,
accident severity, type of physical complaint, lighting conditions, parking
regulations, and minor/major street analysis of cross-walk incidences. It
should be pointed out ghat, because of the small overall size of data basis,
statistical validity to a high degree of confidence can only be inferred as
the analysis is presented.

The following paragraphs present various analysis performed in
this study. The first section outline the non-contributing factors and the
second section identifies factors with seemingly direct bearing on ex-
plaining the differences between left and right-turning accidents.

NON-CONTRIBUTING FACTORSGeneral Comparisons

Table 17 presents the frequencies of accidents by month of the year
and by day of the week for the data base being used. Comparison of right-
turn and left-turn frequencies does not show any definable pattern.Table 18 presents frequency by time of day. On the surface, there
does not seem to be appreciable differences between day and night accidents.
However, the period from 6 to 8 PM shows a 14.6% to 5.4% lef t-turn versus
right turn rates. This period does have fairly high pedestrian activity
and, during one-half of the ,year it is a period of ~~YL~~--- - -,., .., ~ -
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TABLE 17 -~g~QUENCY DISTRIBUTION SY MONTH OF YEAR AND DAY OF WEEK

MONTH Through Right-Turn Left-ern

January 4.7 6.9 7.3

February 3.5 10.0 9.1

March 14.1 8.8 11.8

April 9.4 10.4 10.0

May 5.9 6.9 ~ 8.2

June 5.9 6.2 10.9

July 10.6 5.8 2.7

August 5.9 4.6 4.5

September 12.9 7.3 7.3

October 7.1 11.5 7.3

November 5.9 12.3 10.9

December 14.1 9.2 10.0

ioo~
- ------

ioo~
-----

ioo~
---------

DAY

Sunday 9.2 3.8 7.3

Monday 17.6 22.7 16.4

Tuesday 16.5 17.3 16.4

Wednesday 15.3 17.3 18.2

Thursday 15.3 15.8 16.4

Friday 15.3 13.5 15.5

Saturday 10.6 9.6 10.0

100 100% 1Q0%
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darkness/twilight conditions does point out the likelihood that improved ~1illumination of these critical crosswalks will reduce some left-turnaccidents.

TABLE 18 -FREQUENCY DISTRIBUTION BY HOUR OF DAY

TIME
Through Right-Turn Left-Z`urn6 AM - 7 AM
5.9 5.0 3.67 AM - 8 AM
5.9 7.7 4.58 AM - 9 AM
4.7 4.6 2.79 AM - 10 AM
3.5 6.2 1.810 AM - 11 AM
9.4 8.1 5.511 AM - Noon
4.7 8.5 6.4Noon - 1 PM
4.7 6.2 3.61 PM - 2 PM
2.4 9.6 10.02 PM - 3 PM
7.1 9.6 6.43 PM - 4 PM
5.9 7.3 10.94 PM - S PM
2.4 3.5 6.45 PM - 6 PM
3.5 5.0 10.06 PM - 7 PM
7.1 2.7 8.27 PM - 8 PM
2.4 2.7 6.48 PM - 6 AM

30.7 13.6 13.5

100.0% 100.0% 100.0%

Table 19 presents a comparison of severity of accidents. Though notby a large amount, left-turn accidents, do seem on the average to be moreserous than right-turn accidents, implying a higher contact speed. Thisseemingly higher average contact speed would logically translate into eithera shorter average reation time for the driver during left-turns or somephysiological characteristics of the driver that causes a higher left-turn speed ,
all other things being equal.
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TABLE 19 - SEVERITY OF ACCIDENTS

FATALITIES Through Right-Turn Left-Turn

0 97.6 99.2 99.1

1 2.4 0.8 0.9

100.0% 100.0% 100.0%

INJURIES

0 1.2 4.6 0.9

1 95.2 90.8 93.6

2 2.4 3.8 5.5

3 1.2 0.8 0.0

100.0% 100.0% 100.0%

Table 20 presents frequences for accident types related to weather

and road conditions. In comparing left and right-turn accidents, rain does

seem to accentuate the problem. Previous studies in traffic operations do show

that drivers will, all other things being equal, drive slower during rain.

Therefore, higher left-turn accidents during rain is caused by visibility 
limi-

tations rather than short reaction time. These differences in. visibility re-

strictions could be general environmental visibi lity limitations or, more l
ikely,

from rain drops accumulated on the windshield in the kicinity of the A
-pillar

(not removed by wiper) that results in a general decline in left-tur
n visibility

when taken in conjunction with the A-pillar itself. The actual quantitative

effect of this factor is very small in explaining turning movement 
accident

differences.

TABLE 20 - WEATHER/ROAD CONDITIONS

WEATHER & ROAD CONDITIONS Through

73.8

Right-Turn

75.8

Left-Turn

69.1Clear - day

Clear - wet 4.8 3.8 5.5

Clear - Ice/Snow 2.4 .1.5 0.`9

Rain - wet 1E.7 15.0 22.7

Snow - wet 0 1.9 0

Snow - Ice/Snow 1.2 1.5 1.8

Fog - wet 0 U.4 0

l00 % 10~ ~ inn i
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Table 21 shows the frequency distribution of pedestrian involvement by age.No specific inferences can be drawn from this comparison. It would not be accurateto compare the age distributions with general population distributions due to themarked differences in trip making (and hence exposure) among these age groups.

TABLE 21 - PEDESTRIAN AGE

PEDESTRIAN AGE Through Right-Turn Left-TurnLess than 5 1.2 0.8 05 -10
2.~4 1.6 011 - 15
4.9 1.6 016 - 20
4.9 4.0 1.921 - 30

22.0 21.0 2.4.331 - 40
12.2 17.1 11.241 - SO
15.9 l~•9 16.851 - 60
8.5 7.9 15.961 -70

14.6 17.1 20.671 - 80
12.2 15.1 8.4Greater than 80 1.2 3.2 0.9

100.0% 100.0% 100.0%

Table 22 provides some in-sight into the activity of the pedestrianleading up to the accident.As shown, crossing with the signal is dominant forright and left turns. The data does not show any peculiar attribute of thepedestrian that can be identified as a causal factor when company right and leftturning accidents. The crossing against signal' population represents thosepedestriants stuck in the 'through crosswalk by turning vehicles. These accidentsoccurred close to the sidewalk and are included because the turning vehicle ac-cidents characteristics are under study and not individual crosswalk accidentexperiences. These accidents are primarily 'dart out' accidents at the inter-section, hence there are no identifiable differences between turning maneuvers.
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Table 23 presents the police departments view of the cause of the

accident. It should be noted that only about one-half of the records con-

tained this information. The table does show one item of interest. For

right turning accidents, the pedestrian and the vehicle share,

almost equally, the blame(24.6% to 23.4%), however, for left-turning accidents,

the vehicle was to blame for 62% (30.9% to 19.1%). Although the data is

limited, this additional evidence identifies the driver/vehicle (as opposed

to the pedestrian) as the prime source to be addressed in explaining .tile

differences between left-turn and right-turn accidents.

TABLE 22- ACTION PRIOR TO ACCIDENT

PEDESTRIAN ACTION THROUGH RIGHT-TURN LEFT-TURN

Crossing with signal 37.5 84.9 87.2

Crossing against signal 36.3 7.6 5.5

Crossing:no signal 3.8 0.4 0.9

Crossing:no signal or cross-walk 1.3 0.4 0.9

Coming from behind parked car 2.5 0.4 1.8

Playing in roadway 0.0 0.0 0.9

Crossing road not at intersection S.0 0.4 0.0

Getting off/on bus 1.3 ~ 0.0 0.0

Working in roadway 2.5 0.8 0.9

Not in road 1.3 0.8 0.0

Other 7.5 4.4 1.8

100.0% 100.0% 100.0%
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TABLE 23-APPARENT CAUSE OF ACCIDENT

CAUSE
THROUGH RIGHT-TURN LEFT-TURN

Speed too fast
1.2 0.4 0.9Failing to keep right 0.0 0.4 0.0Failing to yield ROW to vehicle 3.7 24.b 19.1Failing to yield ROW to pedes'n 9.9 23.4 30.9Pedestrian's action 14.8 2.7 2.7Other
6.2 3.6 1.8Missing

64.2 44.6 44.6

100.0% 100.0% 100.0%

i'ypes of Physical Complaint and Injury

Most pedestrians involved in accidents complained of necks, hip -upper leg or pelvis, knee, and in some cases, their entire body. Overall,nine persons hit by left-turns were rendered unconcious, compared to fourfor right-turns. As expected, the lower body was hit in almost allaccidents. The results presented in Table 14 do indicate that only 1%of these accidents results in a fatality, which translates into a generallylow speed impact. The analysis does not point out explicit methods of furtherreducing impact speed.

Parking

Data on parking regulation for each approach leg of each test inter-section was collected to evaluate its effect on turning accidents. Theseregulations were classified into four typEs: bus stop, hydrant,park~ing meterand no-parking/no-standing. Table 23A summarizes the accident frequences for]Pft-turns and right-turns for each regulation type. Although the ~at~ i^
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limited, there does not appear to be any appreciable difference in percentage

frequencies.

TABLE 23A-ACCIDENTS BY PARKING REGULATIONS

BARKING LEFT-TURNS RIGHT-TURNS
REGULATIONS NUMBER FREQUENCY NUMBER FREQUENCY

His Stop 18 18 4 15

Hydrant 18 18 5 19

Parking Meter S 5 0 0

No parking/standing 57 59 17 66

samples 9~ 100% samples 26 100%

It should be noted that, most intersections had no legal parking

but, there were usua~.ly vehicle standing or load/unloading goods. Given

evidence of a general low speed maneuver (5 to 10 mph) and the above data,

it is probably safe to conclude that parking is not a causal factor to be

addressible by recommended changes.

Accident Location - Majo-r or Minor Street

The project data base was analysed to determine whether left-turn

versus right-tuun accident ratios .varied with street width. The major

streets in the vroject area have three or four travel lanes plus parking lanes.

The minor streets have two travel lanes and parking lanes. Table 21+ pre-

sents the findings for the project area data base.

TABLE 24-M11JOR/MINOR STREET ACCIDENT ANALYSIS

INCIDENT

~P E

NTJMBER
ME~JOR STREET

Ief t-turn 205

Right-turn 107

~tio left-turn/right-turn 1.9

NUMBER
MINOR STREET

243

122

2.0
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Table 24 indicates that~t~ie 2 to 1 relationship of left-turns to rightturns exists for both major and minor streets. This implies that cross-walklength does not appear to be a causal factor affecting the difference be-tween left-turn and right-turn accidents.

CONTRIBUTING FACTORS

Lighting

In addition to the analysis of rime of day accidents in this chapter,further study was conducted to determine whether left-turn accidents
were influenced by daylight, night-time or artificial lighting condition s.Daylight hours were assumed to be 6 A.M. to 7 P.M., while night-time was
defined as 7 P.M. to 6 A.M. Table 2S presents the analys is.

TABLE 25 - DAY/NIGHT ANALYSIS

L~CIDENT
DAY NIGHTTYPE (6 A.M.- 7 P.M.) (7 L.M. - 6 A.M.)

Ieft-turns 395 97
Right-turns 224 36
Ratio Left-turns/Right-turns 1.8 2.7

Table 25 shows a difference in the lef t/right-turn ratios for thedefined conditions and further substantiates the recommendation for increasedlighting at these critical crosswalks. This finding if rectified, wouldaccount for 10-15Y of the difference between left and right turning accidentfrequencies.
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, ~
Driver's Visibility & Vehicle Characteristics

. <
Figure 4 sketches the visibility blockage resulting from the A-pillar

roof supports for a typical driver and vehicle for intersection turning man-

euvers. Figure 5 shows photographes taken from inside a standard size

American car. The transition of the blockage cone as the vehicle approaches

the intersection is different for left and right turns . For left turning

the A-pillar blocks the near half of the crosswalk as the vehicle approaches.

For right-turns, the blockage cone rarely, if ever, traverses the crosswalk.

Presumably, the transition of the blockage cone as the left-turn man-

euver is being made could result in pedestrians, that are walking parallel

to the vehicle, not being seen by the driver. Analyses of accidents by

pedestrian walking direction is shown in Figure 6 (pedestrian walking dir-

ection was not reported in about 80% of the study area data set).

Figure 6. Pedestrian Walking

Direction

The available data on pedestrian walking direction supports the

hypothesis that there are critical visibility differences between left and

right turns which increases accident potential. This hazard may be accen-

tuated by pedestrians proceeding to the crosswalk from the cross street.
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TABLE 26 - VEHICLE CHARACTERISTICS

Make Through Right-turn Left-turn
Dodge 13 7

2'Checker 4 - l
7Chevrolet 9 2
9Pontiac 3 1
1Mercedes Benz 0 0'
2Ford

7 3 13Plymouth 1 0
5Oldsmobile 1 2
2Opel 0 0
2Volkswagen 2 0
4Buick 2 1
2Honda 1 0
1Saab

1 0
DOthers 15 6
7

Totals 59 23 77

1~J
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A surprising aspect of Figure 6 .relates to the relatively high

number of on-coming pedestrians that are struck by lef t-turning vehicles.

It is assumed, and previous studies have suggested, that eye contact'~betwee
n

pedestrians and drivers assist in reducing potential conflicts. Therefore,

there should be other factors that address this problem. These are presented

in 'Task Intensity' in the following section.

Figure 4 presented average conditions with respect to the A-pillar

blockage cone. However, the closer the drivers eye is to the A-pillar (as

in smaller cars) and the further to the left the driver sits (also 
in smaller

cars), the farther into the crosswalk the A-pillar blockage cone will be .p~oje cted

possibly to the opposite side of the cross-walk. Therefore an analysis of

vehicle model involved in accidents was conducted for the test da
ta set.

,._ ,

Table 26 shows the results. As the test data set is biased towards left-

turns, and figures should be viewed in that context. However, the following

findings can be made:

1) Automobile makes (1975 and older) that are dominated by ve
nt-

window design (Volkswagen, Opel, Mercedes and the American built
 Checker)

have 13 left-turning accidents to one right-turn accidents. Tris is another

implication that driver visibility is the prime causzl factor fo
r such ac-

cidents and that improving visibility by elimination of vent-wind
ows will

have a positive safety benefit for this type of accident.

2) As most taxis are Dodges in New York City; the high 22 lef
t-

turning accider~, statistic would be 'normal for the sample 
set.

3) Although the accident data did not provide the model o
f each

make (such as Ford "Pinto", Dodge"Polara"), it is not 
Possible to identify

the small cars among the American built samples. However, the known small

car sample have 7 left-turns to no right-turning accidents, 
a very small

sample on which to draw conclusions and additional data on 
this should

provide more revealing results.

Task Intensity

To date, no studies have been conducted that speci
fically address

task differences (and this effects) between left and rig
ht turning maneuvers

at intersections. In its simplest sense, the lef t-turning task shosld be

no more difficult than the right-turning task at one-way
 signalized inter-

sections. If, in fact, the lef t-turning task is more complicated
, does that



42mean that it is more hazardous? Teicher's stress theory (4) contradicts
Hebb's arousal theory ~5) in this regard. More recent work by Bartz (6)
supports Hebb's theory that, as the central task complexity -goes up (e.g.,
lef t-turning maneuver), reaction time goes down for peripheral detection
(eg., seeing and reacting to hazardous situations). Might we then conclude
based on Bartz' and Hebb's works the possibility exists that drivers consider
the left-turn maneuver to be easier than the right-turn maneuver, P~~evious
research on human factors do not provide the basis for a definite statement.

Apart from all the general driver task requirements as the vehicle
traverses a street system, there is a specific task that occurs for vehicles
involved in turning maneuvers. The driver must shift attention from the
traffic signal to the crosswalk and back to the signal several times before
actually turning. Figure 7 depicts the process for left-turning vehicles.
As the driver gets closer to the intersection, the angle 'f~' becomes larger,
and thus the time between successive observations of the crosswalk increases.
A previous study (7) has shown that performance is more sensitive to the inter-
Lield internal (time between observations) than display duration (time
target is being viewed). As the interfield interval goes up, performance goes
down. The research team considers phis driver task as ~ a contributing
factor to the high number of head on (see Figure 6) accidents with pedestrian
in the turning crosswalks (both left and right-turns). Combining this task
with the visual handicaps of the left-turning maneuver accentuates the left-
turning accident problem. The objective then would be to reduce, through
environmental changes, the inter-field interval where possible (Chapter 4
Discusses the means).

Driver's Eye Movements

The research team was not able to collect data on eye movements while
turning maneuvers were made. The only research conducted on this subject was
recently completed (8) and the results bear mentioning in this report. The
study was not done for intersection maneuvers, but for highway curve negotiation
ir~ normal driving. The findings ~~sre that, on horizontal curves, driver search
pattern on the right and on the left are not syuunetrical. Visual excrusion
to the right was far greater than to the left on curve negotiation. Duringa
right curve negotiation, 55/ o~ the time the drivers eye was fixed to the
right of 'head on'. During left curve negotiations, only 38% of the time was
the drivers eye fixed to the left of 'head on'. The mean fixation on the right
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was 3.6° during right-curve negotiation, compared to only 0.5° to the

left dur:ir~.~ left curve nfgatiation. Why this imbalance occurs i~ not

stipulated, but is prc~bab y from driving hab_i is developed by exl:~erienc.e.

One hypothesis could be that this habit way developed because dries ers

consider the left turn maneuver to be 'easier', therefore requiring less

attEntion. Surely, during intersection maneuvers, the driver is'closer to

the action' for the left-turn. Might it be, as evidenced from the above

curve negotiation findings, that drivers concentrate less, look less, have

shorter- target fixation when negotiating left-turning maneuvers at one-way

intersections because they consider it easier.

Appendix 1 shows some summary statistics gathered from English

accident experience. Bearing in mina that the English drive on different

sides of the road, the statistics seem remarkably consistent with the

U.S, experience, except, right-turning accidents are the problems..• This

English experience eliminates two potential causal factors from considerations:

(1) that pedestrians look over different shoulders differently while crossing

and therefore contribute to the problem and (2) there is a basic human

characteristic (not habit).that controi.s these types of accidents. What the

English data does lead the research team to conclude is that identification

and solution of 'the ~i.•5. problem will also reduce the incidence of English

accidents as well.

S UNIlKARY

It can be satisfactorally concluded that there is no sin le con-

tributirg factor that explains the incidence difference between left and

right turning accidents at intersections. However, target detection and driver

concentration show up in the analysis as being the area that would provide

the highe~~t payoff if remedial actions are made. These include inproved

driver visibilty, reduced inter field interval and driver education.

These items, aY~d other potential solutions are presented in Chapter 4.

~~I
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CHAPTER 4

SUMMARY AND RECOMMENDATIONS

The purpose of this study is to explore causal factors that ex-

p1_ain why left-turn vehicles pedestrian accidents are twice as frequent as
right-turn accidents on one-way street networks. This research is also

intended to provide direction for needed future research in this area.

The project data base was quite limited for various reasons:

(1•~ low number of accidents per intersection, (2) incompleteness of re-

carded information on accident reports, and (3) missing information on key

variables, i.e. those related to the vehicle, driver and pedestrian. However,

the data base verified the .2:1 relationship left-turn vs. right-turn in
accident frequency. The left-turn vehicle pedestrian accident is a major

prc,blem on one-way street networks and should be fully addressed.

ChaptEr 3 developed various causal theories relating to driver

visibility and concentration. It is certainly desirable to acquire ad-
~''''~ ditional data related to these specific items, however, this report makes

its recommendations on the basis of the present data- and its analysis.

The recommendations presented below relate to changes in the various
system components that define this problem:

• The driver

• The pedestrian

• The vehicle

• she environment

Several of these recommendations are implementable in the short-term and

others are long term objectives including research needs.

The Driver

The involvement of the driver and related contributing circum-

stances can only be addressed and corrected through increased awareness of

the potential hazards. Interpretation of the English experiences with high

right-turning accidents makes the research team conclude that improving driver

awareness, and therefore driver habits, would provide a meaningful reduction

~J
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in these types of accidents.
Therefore, state driver instruction manuals should immediatelypresent a definition of the problem and countermeasures to reduce involve-went. These countermeasures include:

• driver awareness of vehicle sight line deficiences• driver needs to 'look around' roof support (this
also increases concentration)

• ;lower turning speeds
Driver education programs should also address the left-turn problem in detail,with photographs of interior visibility restrictions and the resultant needto exercise additional caution during turning maneuvers.

Potential future research with respect to the 4river should becoordinated with angle of sight research to improve visibility. This wouldinclude testing fixation angles during intersection. maneuvers to coordinatethis with vehicle design modifications.

The Pedestrian

The role of the pedestrian in explaining differences,in leftarzd right turning accidents has not been identified. This research has no
recommendation that can be forwarded that would channP ~imarove) pedestrianperformance to reduce accidents. Potential remedies to the pedestriansystem are presented in the'Environment'section of this chapter.
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The Vehicle

Clanging vehicle design would be the most direct but most dif-

ficult to accomplish. The ideal improvement in visibility would be to

design left-turn sight angles to be identical to right-turn angles shown on

Figure 4 .. 'This can be accomplished by a combination of improvements:

moving the driver's seat closer to the center of the car, increasing the

size of the windshield, reducing the thickness of the A-pillar, increasing

the distance from the drivers eye to the A-pillar, better design of windshield

wiper to reduce water (and dust) building up nEar the A-pillar, elimination

of vent-window design. Specific design study (s) should be conducted to fix

the various desired standards related to the above improvements and co-

ordinate these features with driver eye movements. However, the angle from

the head-on view to the beginning of the blockage cone should ideally be in-

creased from the current average of about 30° to 60° 65~ in 'o"rder to achieve

the desired safety benefits .

The Environment

There are several implementable strategies that can change the

pedestrian-vehicle accident system. These include primarily traffic engin-

eering tec~iniques. Some are listed below.

Signal Location. It is recommended that an additional signal be mounted on

the left far side on the sidewalk (see Figure g~ in order that transition

of driver eye from signal to crosswalk will be minimized before and during

the turning maneuver and therefore increase the probability of seeing the pedes-

trian in the drivers vision periphery, increase the probability of correctly

fudging walking speed of the pedestrian, and ifi~~ase the opportunity for

eye contact with on-coming pedestrians. The signal location shown achieves

these objectives for both fight and left turns.
x:

Crosswalks: It is a subjective assumption that crosswalk design would affect

frequencies of accidents. In most cases the driver cannot really distinguish

the driver cannot really distinguish the turning crosswalk until he has begun

the maneuver {about 40-50' away). Studies done on crosswalk design (zebra,

stripe, etc.) addressed the 'through crosswalk and even the findings of

these studies contradict each other. Helms' (9) study shows more accidents
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in painted crosswalks, but a very detailed Israeli study (10) showed that

vehicles slowed down or stopped more frequently for crossing pedestrians

when the crossing task place _in a marked crosswa~.k.

The farther out into the roadway the vehicle begins the turning

maneuver, the earlier will potential 'lost'pedestrians reappear. This im-

plies striping the left-most travel lane 12 to 15 feet from curbside and

in addition, moving the left-turn cross-walk about 3' into the block will

also afford some additional reaction time (see Figure g,) At these slow

turning speeds, small dimensional changes can be translated into realizable

benefits .

Sidewalk Visibility - The fifty foot sidewalk sections upstream of the

left-turn crosswalk must be well illuminated. In addition a minimum

number of objects such as light stantions, signs, trees, etc. should be

located in these sections. Parking regulations need not be affected (see

Figure g~.

RESEAKCH NEEDS

This study on turning movement accident experience has shown

visibility and attention of the driver to be the key areas for counter-

measure improvements. However, vehicle design modifications and driver train-

ing do not provide results in the 2-3 year period. Several of the environ-

mental recommendations are implementable in the short-term.

Small scale demonstration projects with 'before and after'

analysis should be conducted to assess the quantitative effects of the en-

vironmental countermeasures.

A more basic research need relates to traffic engineering im-

provements and their effects on pedestrian safety. Signal location, signal

progression speeds, bicycle lanes, reversible lanes, bus stop locations, all

of the basic strategies are carried out with little or no regard to the

related pedestrian accident experience. Even the nationally implemented

right-turn-on-red program was not adequately analyzed for quantitative
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effects. The relationship between traffic engineering strategies and

pedestrian safety are in need of quantification.

As a result of this study, efforts should be made to develop

standards for minimum and desirable lines of sight for turning movements

at intersections. Vehicle modifications to improve visibility should have

the largest long-term beneficial effects. Research projects defined to

achieve their objectives should be pursued.

L~
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APPENDIX

1. S. Older's Letter to J. Fruin

2• Traffic Count Sheet

3• Pedestrian Couat Sheet

4• Typical Intersection Count Finished Sheet

5. ~+affic Volume Count

6, Pedestrian Volume Count
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John J Fruin ~'hD 
P/s~ss reply to DJ~ector

Research Engineer Your reference

Port of New York Authority 
Our refefence711 EighthAvenue'= at 15th Street 
TB/417/450/01New York 
DeteNY 10011 USA 

1~ ,T~~~ ~;~~a

Dear Mr Fruin

1. Many thanks for your letter of June 19. As you surmise it has been noted
that more right turning vehicles than left turning vehicles are involved in
accidents with pedestrians at intersections in this country. The following figure
give the number of such accidents involving fatal or serious injury in urban areas
in 1968 at the two most common function layouts.

I~ayout
~

Vehicle
manoeuvre

Signal Controlled Non signal controlled

T or Y Turning 22 (8.~~) 2?3 (3.~~)
right

Turning ~3 (5.OFk~ 131 (1.69b)
left

Crossroads Turning 75 C6•~~) 58 (3.1;0)
right

Turning 49 (4.1g~) 34 (1.8i~
left

You will see that the average ratio of right to left turning vehicles is dust
than ~ 1. The percentage in brackets are of all fatal or serious accidents
involving n pedestrian at the function, showing that turning vehicles are not
major problem to pedestrians at intersections.

less

the

?. I have some doubt that the preponderance of the right turning vehicle over the
left turning one can be explained solely on the grounds of obscuration by the r~g:~'
hand windAcreen pill r~r as you su~~;est. My own opinion is that the right turn
driver has more conflicting traffic movements to attend ~;o thin the left turner
and that this i~ more likely to distraci him from observing po~eible pedestriar.
movement. At A signal controlled junction for example the left turnar hes to
consider as possible hazards only the crossing pedestrians; •,~ithout signal control
he usuFil.ly has in addition to merge with only one Stream of vehicles.

3. It may also be true, although I can quote no evidence, that the Pedestrian ie
less likely to scan for the right turn vehicle, which Qt the conflict point ~a~ be
Travelling faster than the left turn vehicle.

APP~IX 1.
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John J Fruin PhD Our reference TB/~+17/45%1

Date July 1972

4. In short I would consider differences in the complexity of the manoeuvres
to be more important explsAatory variables than obscuration due to the xindscreen
pillar.

5. In concluding may I say that we find your book "Pedestrian planning and
design" very useful, informative and interesting to read and hope that it
achieves a wide readership.

You sincerely

S J OLDER
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EIGHTH AVENUE

Time L T Time L T

7:45-8:00.. 10 198 3:15-3:30 26 317
8:00-8:15 22 263 3:30-345 19 386
8:15-8:30 19 297 3:45-4:00 21 328
8:30-8:45 32 312 4:00-4:15 18 320
8:45-900 27 370 4:15-4:30 20 396
9:00-9:15 24 456 430-4:45 22 402
9:15-9:30 25 353 4:45-5 00 17 211
3:00-3:15 23 267 5:00-515 23 127
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Time W E Time W E

7 45-8:00 40 73 9:00- 9;15 65 64
8:00-8:15 4b 85 9:15- 9:30 44 70
8:15-8 30 52 94 1 0 30-10.45

8 30-8:45 54 112 10 45-11 00
8:45-9:00 46 70 11:00-11:15

EIGHTH AVENUE

H
w

H

x
H
ll')
~n

~ ~~

~ rn rn
C'7 N
r-~I ~

~n o
~ ~

rn rn
~ i

.,~ O r-{.. .
H rn rn

C!] Ol O r--~ N ~
r-{ r-~

O N O tD O
z corn000

~ ~ ~

o ►n o ~n o
o ~c~~-o
w co ao co rn

n~ t i i i i~n o ~n o ~n

H r co co m o0

Time W E Time W E

3 ;00-3:15 52 69 4:15-430 126 ll4
3 '15-3:30 57 72 4:30-445 115 98
3 :30-345 59 67 4;45-5 00 118 109
3 :45-400 110 92 5:00-5:15 115 87
4:00-4;15 120 107
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PEDESTRIAN y
COUNTS x

H

~°
td
H

OW

E (5~ - ~
o S o

3 n ~W N r

0
E

EIGHTH AVENUE

Adjusted $ of .15 .07 .13 .14
Time 12 min. 15 min. 10 hour 1 2 3 4 5 6 7 8
Interval Count Count Interval E W N S E W S N

7;30- 7.45 318 46 25 43 45 46 25 45 43
7:45- 8:00 318 46 25 43 45 46 25 45 ~+3
8:00- 8:15 343 54 29 53 36 54 29 35 53
5:15- 8:30 472 74 33 63 74 58 33 74 63
8:30- 8:45 496 70 34 66 78 70 34 78 66
8:45- 9:00 378 44 29 63 53 44 29 53 63
9:00- 9;15 447 40 41 86 56 40 41 55 88
9:15- 9:30 483 44 28 81 89 44 28 89 80
9:30- 9:45 486 73 34 63 68 73 34 63. 68
9:45-10:00 460 69 32 69 64 69 32 69 64
10:00-10:15 404 61 28 53 57 61 27 53 57

(~`j 10:15-10:30 353 52 25 46 49 52 25 46 49
~~~f 10:30-19:45 202 30 14 26 28 30 14 26 28

10:45-11:00 167 25 12 33 23 25 12 22 23
1100-11:15 217 33 15 28 30 33 15 28 30
11:15-11:30 222 33 16 29 31 33 16 29 31
11:30-11:45 226 34 16 29 32 34 16 29 32
11:45-12 00 236 35 17 31 33 35 17 31 33
12:00-12:15 523 78 37 68 73 78 ~7 68 73
12;15-12:30 596 89 42 77' 83 89 42 77 83
12:30-12:45 733 110 51 95 103 110 51 103 95
12:45- 1+00 568 87 40 75 81 87 40 S1 75
1:00- 1:15 583 8~ 41 76 82 87 41 82 76
1;15- 1 30 470 71 33 61 66 ~l 33 66 61
1:30- 1t~+5 575 86 40 75 81 86 40 81 75

' 1:45- 2s00 460 69 32 60 64 60 32 64 60
2 00- 215 423 63 30 55 59 63 30 59 55
2:15- 2:30 384 58 27 50 54 58 27 54 50
2:30- 245 392 59 27 51 55 59 27 55 51
2145- 3.00 401 60 28 52 56 60 28 56 52
3:00- 3x15 329 44 33 43 ~5 43 33 ~F5 ~3
3:15- 3:30 341 45 36 53 48 45 35 36 53
3 30- 3:45 326 43 37 45 40 41 37 39 43
3;45- 4:00 473 58 69 59 51 57 69 50 59
4 00- 4x15 504 68 75 61 50 66 75 48 61
4:15- 4:30 512 71 79 58 48 71 79 48 58
4:30- 4:45 449 61 73 55 'S4 41 71 41 56

~.~ x+:45- 5:00 521 69 74 58 58 65 74 65 a8
5:00- 5:15 453 S5 73 46 46 58 71 58 46
5:15- 5:30 453 55 73 46 46 58 71 58 46
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PEDESTRIAN COUNT BY DIRECTION

Street Intersection 1 2 3 4 5 6 7 8

2nd Ave. ~ 42nd St. 2+56 3736 2648 3+24 2456 3736 342 2648

2nd Ave. ~ 58th St. 2156 2372 2802 3450 2156 2372 2802 3450

1st Ave. ~ 12th St. 636 742 2330 1588 636 742 2330 1588

Lexington ~ 34th St. 1038 10706 5354 8030 1038 10706 '5354 8030

1st Ave. ~ 4th St. 298 292 756 776 292 294 748 776

2nd Ave. ~ 14th St. 1338 1562 900 900 1338 1562 900 900

6th Ave. ~ 42nd St. 6072 6684 7086 8107 6078 6684 8170 7066

Broadway ~ 57th St. 9722 8754 7912 6932 9772 8754 7912 6932 '

8th Ave. ~ 49th St. 702 526 964 964 614 1190 1404 2458

8th Ave. ~ 40th St. 13066 1306 14374 6534 7640 1960 3920 6534

8th Ave. ~ 55th St. 2068 1064 1934 2094 2060 1064 2032 1978

lst Ave. ~ 59th St. 1296 1592 2175 2134 1296 1592 2185 2134

6th Ave. ~ 21st St. 1612 1476 3670 2804 1612 1476 3670 2604

2nd Ave. 6 86th St, 2724 8170 2452 818 2724 5174 3268 1906

6th Ave. ~ 51st St. 19718 20044 31480 36614 19718 20044 31480 36614

2nd Ave. ~ 49th St. 1345 1480 1749 2152 1345 1460 1748 2152

APPENDIX 6.
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