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FOREWORD

The Manual on Uniform Traffic Control Devices (MUTCD) identifies appropriate design and
application for traffic control devices on US roads. Signs proposed for inclusion in the MUTCD
undergo an evaluation that includes assessing driver comprehension of the sign meaning and
recognition distance. The evaluation forms an important component of the FHWA’s decision-
making process regarding signs’ MUTCD status. This report documents the approach and
findings of a study to evaluate the comprehension and recognition distance of a range of signs

proposed for the MUTCD.

The study was laboratory based and included younger and older drivers in its subject pool. To
assure that devices are designed to meet the needs of the ever-increasing proportion of people
over 65 in the traffic stream, this population should be considered in all highway design and
operational decisions. The report provides recommendations for specific signs, and identifies
requirements for additional research. The information will be used by the FHWA and the
National Committee on Uniform Traffic Control Devices in preparing the MUTCD 2000.

Michael F. Trentacoste
Director, Office of Safety R&D

NOTICE

This document is disseminated under the sponsorship of the Department of Transportation in the
interest of information exchange. The United States Government assumes no liability for its
contents or use thereof. This report does not constitute a standard, specification, or regulation.

The United States Government does not endorse products or manufacturers. Trade and
manufacturers' names appear in this report only because they are considered essential to the

object of the document.

PROTECTED UNDER INTERNATIONAL COPYRIGHT

ALL RIGHTS RESERVED
NATIONAL TECHNICAL INFORMATION SERVICE

U.S. DEPARTMENT OF COMMERCE

Reproduced from
best available copy.




Technical Report Documentation Page

i. Report No. 2. Government Accession No.

FHWA-RD-00-053

3. Recipient's Catalog No.

4. Title and Subtitle
Evaluation of Selected Potential MUTCD Signs

5. Report Date

March 2000

6. Performing Organization Code

7. Author(s)
Elizabeth Alicandri & Kathryn Wochinger

8. Performing Organization Report No.

9. Performing Organization Name and Address
USDOT/FHWA, Office of Safety R&D
Human Factors Laboratory

6300 Georgetown Pike

McLean VA 22101-2296

10. Work Unit No. (TRAIS)

1. Contract or Grant No.

12. Sponsoring Agency Name and Address
USDOT/FHWA, Office of Safety R&D
6300 Georgetown Pike

McLean VA 22101-2296

13. Type of Report and Period Covered
Final Report

14. Sponsering Agency Code

15. Supplementary Notes

|6, Abstract

This report describes the findings of a study evaluating a variety of proposed signs for the Manual on Uniform Traffic Control
Devices (MUTCD). The signs investigated included: a series of light rail signs, Lane Ends, Jogger, Cellular Phone Emergency
Number, Rural Mail Delivery Route, Share the Road with Bikes, Electric Vehicle Charging Station and Scenic Byways
Designation. The study included determination of comprehension and recognition distance for two versions of the signs under
investigation, using 24 older (65+) and 24 young/middle-aged (21 - 45) licensed drivers. Recommendations are made for which
signs should be considered for the MUTCD and for further research needed.

17. Key Word

Traffic signs, older drivers, comprehension, recognition distance

18. Distribution Statement

No restrictions. This document
is available from NTIS.

19. Security Classif. (of this report)
Unclassified Unclassified

20. Security Classif. (of this page)

21. No. of Pages 22. Price
68

Form DOT F 1700.7 (8-72)

Reproduction of completed page authorized



"08€3 WLSV jo v uonoes yum Aldwos o} epew eq pinoys Buipunos

ii

(661 Joquerdeg pesiney) ejelidoiddy "sjun 0 wWeisAS [euogewIsiu| 8L Joj joquiAs 8y} SI |S ,

youi asenbs youi srenbs
aujg)  J4ed eolojpunod SvL'0 s|eosedojiy Ed) Bdd sjeosedojy 68'9 Jed ed10jpunod iAal
9 8oIo)punod 6220 SUCMaU N N suomseu Sy sosojpunod 9

SS3IHLS 10 IHNSSIHC pue IDHOS SS3ULS 10 IHNSSIH Pue 3DHO
_ B Sueque-j00) 61620 zW/e|spued Wp2 dW/po sW/ejepued gzv'e susquie-joo} ¥
9 $8)puUEed-100} 626070 xn| X X xn| 9.0l $8[pUEd-100} o}
NOLLYNIANTTI NOLLVNIANTI

_ ainjesadwey ainjesadwe) eimesaduis) g1/z2e-4) Jo aimeladwe)

do yeyuelyey 2e+ 081 snigjed Do Do sniojed 6/ee-d)s lleyueiye4 do
_ (10exe) 3uNLYHIdWIL (1oexa) IHNLYHIdNIL
(Luo} ouew, o) {1, 10) (3, 10) (.uo1 oW, Jo)
1 (a1 0002) suoy uoys €01 sweibebow by B sweibebow 206'0 (9] 0002) Suol uoys 1
q| spunod 2022 sweibopy By 6y sweibojy PSP O spunod ql
_ z0 seouno 5£0°0 sweib 6 6 sweib se'8e seouno z0
SSYW SSVA
"elll Ul UMOYS 8q jleys | 000} Ueyt 1ejealb sawnjop JLON
PA spsek oiqno 1081 sieyew o1qna W e siglew aiqno S9/°0 spJeA a1qno oA
& 198} 21Gn2 12°g¢ siejew aIgno ol el Siaieus o1gno 8200 189 01gNd 4
jeb suo|jeb $92°0 sie})) | b siay| G8.°E suojeb |eb
04 $89UNo piny €00 siayjiw qw T sleypiw 1662 $80UNo pIny oy
JNNTOA INNT0A
_ Aw se|lw asenbs 98c0 sielowo|y esenbs 2N W slejawopy arenbs 652 sejiw esenbs AW
oe see e sereay 'Y By serejoay SO0 sabe oe
PA spief asenbs G614 siejow alenbs | W siejow esenbs 9€8°0 spiek erenbs el
M 189} alenbs $92°01 siajow asenbs | W slejow asenbs £60°0 196} 8ienbs 4
_ 2Ul sayou) asenbs 9100°0 sisjow))iw esenbs AW ELY SJejsunijiws esenbs 2'sv9 seyoul arenbs Ul
V3IHvY v3dvy
w se|iw 1290 siejowoly wy wy siejowiojy 191 sefiw w
pA spiek 60’1 slojow w w siajow $16°0 sprek pA
Yy 100} 82’ sielow w w siejow S0E0 189} y
ul ssyoul 6€0°0 sisjaun|iw ww wuw Slajawn|jiw ¥'6e seyou} ul
HLDNIT H1ON3T
joquig puj4 oj Ag Aldpinw MOU) NOA uaym loquig _ loquiAsg pui4 o1 Ag Aldpinwg MoUY| NOA Usym loquisg

SLINN IS WOY4 SNOISHIANOD ILVWNIXOHddV S1INN IS OL SNOISHIANOD ILVWIXOHddY

'BHOLOV4 NOISHIANOD (DIHLIW NYIAOW) IS .
———C e S S A e (e




TABLE OF CONTENTS

INTRODUCTION ...oviiviiiinieieieeeeicininis et e bttt 5
BACKGROUND ....oote oottt se et et steeteate e st e e bt s e st s b st s b es et e e beeab e b e et e b e e n b e b e et 5
BN TR 0) (1= o D) s h =) S UUUT R TR O PP O PP PO PP PP PP PP 5
Demographic ChANZES ......ov.vueveviiiiiiiie i 5
Age-Related Changes that Affect DITVING ..o 6
Description of the ProbIEmM .......cuoiiiuiiieiiniiiiciecni s 8
Traffic CONIOl DEVICES ..ocvvivviiieiiirierie ittt st 9
Traffic Sign COMPrENENSION . ...c.cciiiiiiiiiiiii e s 10
Traffic Sign Recognition DIStANCe. .........covuniiiiiiienieinieiincie e 11
Sign Optimization for Older DIIVETS ......ccooiiiiiiiciiiiii s 12
METHOD oo eeeeesee s s se e et et es s s e st 12
SUDJECLS 1.t vevaeeeeetrareetesesseier et h b s bbb 12
S 44101 DUUUUTR OSSOSO OO OO PSP PO TSPV PSPPI 13
TSt SIS . cvveversereseeseseteeeaese st a e e bbb b 13
Light Rail Signing SEries........coevriiiiiiiiiiiiiiise e 13
|02 (Yol 254 L6 L RO OO ORI POU TP PPP PRSP P PRSP 18
JOBEET ¢ttt ettt 19
Cellular Phone Emergency NUMDET ......ccoooviiiiiiiiiiiieiiein s 20
Rural Mail DelIvery ROULE......cvevriiiiiiiiiiiiicii e 21
Share the Road With BIKES.......oiviiiiiiiiiii ettt 22
2T o) « WOURT U U U SO T OO T PP PO P PSP O U PP PPPO PSP PP PRPPPRPO 23
Electric Vehicle Charging Station ..ot 24
SCEIMIC BYWAYS 1..vveuiiiesieiiiice it 25
DISEIACTOT SIGIIS. . .veverrtetererietet ittt st b e b bbb 26
SigN OPMIZATION ..evevevtiiinteie et 34
Materials/Laboratory SEt UpD.......ocoeiriiiiiiimiiiiieiis et 34
COMPTERENSION ..ottt bbb 34
Recognition DISLANCE .......ccvivimiiiiiiiiiiis et 34
PLOCEAULE <.vveeeeeeeeeeeeeeee et e e te e et e eebesessseasse et e e st e e sabe e st e s saa e e e ar s e an e e eb s e et e e et e e e r e e sab e e e bt et s et 35
OVEIVIEW ..t eeeeeeeeeeeeeeeeeteeeateesesett e ahseasaeses e bt e ebeesb e e e b e ba s o et s R e e sa s e e Rs e e R b e e bt e e kb e s an e e e e b be s bt e e en e 35
INEAKE PrOCEAULES ... evveitveeereenreetteetesteesieesbeesttesbeesrs e st erasase s ebe e sar e e be s st e s b e e renbtesaeesn e st sseneens 35
Comprehension ProcedUre ..ot 35
Recognition Distance ProCedures ..o, 36
EXperimental DESIZN. .......cveuiimimiiiinietitiei et e 36
HYPOTRESES ..ottt sttt 36
RESULTS oottt etereeeteeeeeetesteeebesaeeaseseasaeaseaseeasesbesaeeane s bt she et e s e e R e s e s e b s e R s s s e e Rt e b e sb s et et e e s e s en e ens 37
DAta REAUCHION. 1. .veeeecvieeiieteer e eteert et sb ettt ettt s b b e er s e beeab e e b s e b e sbdobe st sb st nenesus e 37
Comprehension Data RESULLS ......oooireiiiiiiiii s 37
Light Rail: Lane Control.........cccoiiiiiiiiiniiiie 37
Light Rail: DO NOE PaSS ....oovuiririiiiiiiiiii e 37
Light Rail: Do Not Drive on Tracks .......cccoviieiiniiis 38
Light Rail: Look Both Ways at CroSSing.......coceeeerniinii i 38
RV T o T TR PO PSP PO OO PP PO PP PP 39



T O T et e e 39
Cellular Phone Emergency NUMDBET .......ccccvciiiiiiiiiiiiiiiii e 40
Rural Mail Delivery ROULE.......cccoiiiiiiiiiiiiiiiicii et 40
Share the Road With BiKeS.....ccccvviiiiiiiiiiieiiieieee et s 41
BRACK. 1ttt bbbttt st e e e ae e e e e transbeenee s 4]
Electric Vehicle Charging Station ........cceccvcvevirrierirveieieeceie e 42
Scenic Byways DeSIZNation. ......c.oveveieiiririinieirenieeueeienieseeeenniesiesieeseessesseenesssessesssesanesees 42
Recognition Distance Data ReSUItS.......ccoiviiiiiiiiiiiiii e 43
Light Rail: Lane Control.........cocoiiiiiiiiii ittt 43
Light Rail: DO NOt PSS ...eiiiiiiiviiiiiiieicriicrie ettt s 43
Light Rail: Do Not Drive on Tracks .......cccocvvviiniiiniiiiii e 44
Light Rail: Look Both Ways at CroSSing........ceccevvirreeriieneenieeniesineeneereresesseeseressnesssseeseens 44
Lan€ ENAS ..ot e s ee 44
JOGEOT ettt ae s 45
Cellular Phone Emergency NUMDET .........ooiiiiiiiiiiiiiienieenieeie ettt sivene e e e s 45
Rural Mail Delivery ROULE.......c..oicriiiiiiiiiciii et 45
Share the Road With BiKeS......cccoiiiiiiiiiii e 46
Electric Vehicle Charging Station ... 46
Scenic Byways Designation.......ccocvieiereriininiieneniiiicree st 47
SUMMEATY OF RESUIS ...viitiiciiice ittt bbbt e aste e b seeeennneeneee 47
DISCUSSION/RECOMMENDATIONS L...ooiiiiiietieiteeeitcieee ettt 47
OVETALL .ottt ettt ettt s bbb e ettt s e e b e e b bt e e e e naee s 48
SIGN DY SIGM ittt 48
Light Rail: Lane Control.........ccoveoviriiiiiiiiicne et sn 48
Light Rail: DO NOt PSS ...ciiiiieiiiiiiiit ettt s 49
Light Rail: Do Not Drive on Tracks ..ot 49
Light Rail: Look Both Ways at CroSSINZ.......ccerveririrerrecrerinieereniereeceieseeereeereeeeseeenesne e 49
LANE ENAS...tiiiiiiiiieceiie e s 49
JO BT e ettt 50
Cellular Phone Emergency NUMDET ........ccoiiiiiiiiiiiee e 50
Rural Mail Delivery ROULE......cocviiiiiiiiiiiiiiiienirecrccness e s 50
Share the Road With BIKeS........ccooiiiiiiriiiiieninr ettt s 51
BRACK. ..ttt e et e e 51
Electric Vehicle Charging Station ..........cceeevvirieninieneneneeccee e e saeens 51
Scenic Byways Designation........cooccoviiviirienirniiieeiienieesteesieeseee ettt s sr e s 52
Summary of ReCOMMENAAIONS ......coiviivieiiriiiiiiiire ittt e et e st esineeneenseesaeeens 52
RECOMMENDED RESEARCH ......cccociiiiiiiiiiiiieicneeccceceee e ST 53
OVETALL ..ottt ettt st 53
SIEN BY SI@I1 .ttt ettt sr e sa e saae s 53
Light Rail SIgning SETIES.......ccoeririiiiiriiiniieieineerre ettt s sne st asne e 53
LAN€ ENAS....eiiiiiiiieeeiie e e 54
Cellular Phone Emergency NUMDET ......cccviviieiiiiiiiin i 54
Rural Mail Delivery ROULE......cocviiiiiiiiiiiiiiiiic ettt s nesre e s e sinen e 54
BeaCh. c.uviiiiiiee e e 54
Scenic Byways DeSIgnation.........coiveiiireiiieiiieeiie e esinesieeesieessieeeseneeenieessseeeeseeesnaesereeesnene 54



APPENDIX A: INFORMED CONSENT FORM ....ccoooiiiiiiiiiie e 55

APPENDIX B: INSTRUCTIONS TO SUBJECTS ..ottt 57
COMPIERENSION ..vuevasraiaiiieies e 57
RECOBIUTION ...cv.tveeieeeses st secas bbb 57

APPENDIX C: CRITERIA FOR COMPREHENSION CODING .....cccovoiiiiiiiieicnicie 58
LAGIE RAIL ..ottt s 58
Light Rail: Lane CONIOl........cooiiiieiiiiiiieii s 58
Light Rail: DO NOt PASS ....coovrmiiiiiteieii s 58
Light Rail: Do Not Drive on Tracks ... 59
Light Rail: Look BOth Ways........coiiiiiiiiii e 59
LY e ol ) ¢V (< TRR TR U TSP P PP PP PSP TS PTSRPRRY 60
JOEEET .ottt 60
Cellular Phone Emergency NUMDET .........cccooiviiiiiiiiiiieit e 61
Rural Mail Delivery ROULE.......cocuiiiiiiiiiii e 61
Share the RO With BIKES....viivvieiiiieniiieiretsienieeer ettt 62
ST 1) < TEUURTOTTTR T U O ST U OO OO U OO OO PSP PPV P TP PP TSP 62
SCEMIC BYWAYS ...vueeereieiinis ittt b 63

APPENDIX D: CRITERIA FOR COMPLETING RECOGNITION TRIAL.......ccoooiiiiee, 64
Light Rail: Lane CONtIOL.......oruiiiiiiiiiieieii e 64
Light Rail: DO NOT PSS ...oucuriiiiiiiiieieit s 64
Light Rail: Do Not Drive on Tracks ..o 64
Light Rail: Look Both Ways at CroSSIn@.......ccvvereiiiiniin 64
[Ty T o T TR TTT TR TR U SR U OO P PO U PU PO PP P PPPIOPIPPPRPPRRPP 64
JO@EOT 1ottt s 65
Cellular Phone Emergency NUMDET .......coovviiiiiiiiiiiii 65
Rural Mail DelVEry ROULE.....cccoiiiiiiiiiiiinieci e 65
Share the ROad WIth BiKES....ooviioiiiiieirie ittt 65
Electric Vehicle Charging Station ..o e 65
Scenic Byways DeSIZNation. .........ccvvruiiisiieiinisnii i 65



LIST OF FIGURES

Figure 1: 1970 Population Distribution...........c.ooiiiiiiiii e, 5
Figure 2: Projected 2020 Population Distribution . ........... ... ... ........... 6
Figure 3: Driver Involvement Rates in Fatal Crashes by Age and Sex (USDOT/NHTSA, 1997) 8
Figure 4: Driver Fatality Rates per 100 Million Vehicle Miles Traveled, by Age

(USDOT/NHTSA, 1997) . . oottt e e e e e e 9
Figure 5: Light Rail: Lane Control (black onwhitesigns) ....................... 14
Figure 6: Light Rail: Do Not Pass (black on whitesigns) . ....................... 15
Figure 7: Light Rail: Do Not Drive on Tracks (black on whitesigns) ................ 16
Figure 8: Light Rail: Look Both Ways at Crossing (black on yellow signs) . ........... 17
Figure 9: Lane Ends (black onyellowsigns) . ......... ... ... ... . ... 18
Figure 10: Jogger (blackonyellowsigns) ... ... ... ... .. ... .. ... 19
Figure 11: Cellular Phone Emergency Number (white on bluesigns) ... ............. 20
Figure 12: Rural Mail Delivery Route (black onyellowsigns) .................... 21
Figure 13: Share the Road with Bikes (black on yellowsigns) . ... ................. 22
Figure 14: Beach (whiteonbrownsign) . ......... ... ..., 23
Figure 15: Electric Vehicle Charging Station (white onbluesigns) ................. 24
Figure 16: Scenic Byways Designation (blue, white, green, yellow and black SLgns) ...... 25
Figure 17: Distractor: Train Station (I-7) (white on greensign) .................... 27
Figure 18: Distractor: Bus Stop (R7-107a) (black on white sign with red circle and slash) . . . 28
Figure 19: Distractor: Truck Crossing (W11-10) (black on yellow sign). ... ........... 29
Figure 20: Distractor: Advance Railroad Tracks (W10-4) (black on yellow sign) . . .. .. ... 29
Figure 21: Distractor: Added Lane (W4-3) (black on yellowsign) .................. 30
Figure 22: Distractor: Advance Pedestrian Crossing (W11-2) (black on yellow sign) . ... .. 30
Figure 23: Distractor: Phone (D9-1) (whiteonbluesign) ........................ 31
Figure 24: Distractor: Slippery When Wet (W8-5) (black on yellowsign) ............. 31
Figure 25: Distractor: Bike Crossing (W11-1) (black on yellowsign) ................ 32
Figure 26: Distractor: Fuel (D9-11) (whiteonbluesign)............ ... ... ...... 32
Figure 27: Distractor: Evacuation Route (CD-1) (whiteonbluesign) ................ 33



Evaluation of Selected Potential MUTCD Signs

INTRODUCTION

Traffic signs have long been used as a standard means of communicating regulatory, warning,
and route guidance information to motorists. Sometimes, however, signs are not effective at
communicating their intended messages. In particular, novel signs may appear and drivers may
require considerable time to extract their meaning. Text messages have long been criticized as
lacking standardization and being difficult to interpret (King, 1975). The growing dissatisfaction
with text messages has resulted in an increasing frequency of symbol signs in the Manual on
Uniform Traffic Control Devices (MUTCD). If the motorist is to successfully interpret their
intended messages, signs must be legible and comprehensible.

BACKGROUND

The Older Driver

The graying of American society is clearly documented by demographic data. Each year the
average age of Americans increases as the baby boom generation leaves middle age and heads
toward older adulthood. In 1990, 12.6 percent of the U. S. population was 65 and over. This
percentage is projected to increase to 21.1 percent by 2020 (Benekohal et al., 1994). Within this
age group, the number of people aged 75 and over is expected to double by 2000 (Transportation
Research Board, 1988). Because of the large variance in the effects of aging, chronological age
is not necessarily a good indication of capabilities. It is, however, an easily measured and often
used variable. For research purposes, older people are often categorized into separate groups:
young-old (65 to 75), and old-old (75 and above) (Neugarten, 1975) in an attempt to account for
the wide range of capabilities inherent in the older population. The older driver has been of
concern to researchers for two basic reasons: mobility and safety. These issues are important as
drivers age 65 and over are increasing both in number and in proportion at a faster rate than any

other segment of the licensed population (Waller, 1991).

Demographic Changes

At the turn of the century, approximately 4.1 percent of the population (3 million people) was
over 65. Currently, persons over 65 represent approximately 12.7 percent of the population (31
million people). Figures 1 and 2 (derived from data in Mattson, 1992) graphically represent this

trend toward more older persons.



Figure 1: 1970 Population Distribution Figure 2: Projected 2020 Population
Distribution
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The large increase in the percentage of the population over 65 is due to two phenomena. The
first is the ever-improving health care system in the United States, resulting in people living
longer. The second is a cohort effect, due to the large number of children born after World War
II. Commonly referred to as the baby boom generation, this cohort is largely responsible for the
dramatic shifts in the population distribution.

Age-Related Changes that Affect Driving

Aging affects a wide variety of skills that are critical to safe driving. Studies have shown that
older drivers have high rates of crashes, injuries, and fatalities on a per mile driven basis.
Driving, however, allows older persons to maintain the same degree of travel freedom
experienced by other Americans and can be a critical factor in maintaining an independent
lifestyle.

In biological terms, aging is defined as the combination of changes in an organism that occur
inevitably and irreversibly with the passage of time (Spence, 1989). These changes are
manifested in deterioration in physical, sensory, and cognitive skills. Some changes are due
strictly to aging itself, others are due to the propensity for certain diseases (arthritis, glaucoma,
etc.) to strike at later ages. These losses are gradual and proceed at different rates for each
person. Many people do not experience declines until very old age, and most learn to adjust to
the limitations imposed by these changes.

Physical changes related to aging include reduced muscle mass and decreases in the efficiency of
the circulatory, cardiac, and respiratory systems. Reductions in strength, flexibility, and range
of motion caused by arthritis or other conditions can negatively impact driving. Difficulties in



turning the head, resulting from reduced flexibility in the neck, for example, make merging into
traffic and dealing with skewed intersections problematic for older drivers.

Sensory and perceptual changes affect all senses. Visual changes are the most critical to driving,
which is considered to be a predominantly visual task, with up to 90 percent of the information
required being obtained through the visual system (Dewar, 1992). As driving is a highly visual
task, a number of studies (Kosnik et al., 1990; Shinar and Schieber, 1991; Klein, 1991; and
Wood & Troutbeck, 1994) have attempted to identify the effects of various types of visual
impairment on older driver performance. These studies have cited difficulties in visual acuity,
contrast sensitivity, and visual field as adversely impacting older driver performance. Decreases
in visual acuity can cause difficulty in reading signs. The current standard for sign legibility (50
feet of legibility distance for each inch of letter height (0.6 m/mm)) calculates back to a
presumed visual acuity of 20/25. This is not only higher than the visual acuity standard in most
states for licensing (usually 20/40) but exceeds the visual capabilities of 40 percent of drivers
over 65. Reductions in contrast sensitivity start at around 40 years of age. Reduced contrast
sensitivity can affect detection of pedestrians in low light situations, as well as detection of worn
lane lines. Visual field changes may affect an older driver’s ability to pick up a sign that is offset
too far beyond their visual field.

Cognitive changes are perhaps the most varied with age. Working memory, selective attention,
and processing speed are most often affected in normative aging. Deteriorating working memory
functions make it difficult to process information if the density of signs is excessive. Memory
issues also make phased variable message panels harder to interpret. Selective attention
problems make it difficult for older drivers to pick out the most critical information when they
are confronted with a wide array of signs. Processing speed affects perception-reaction time,
particularly in situations where the response requires choosing between alternatives (i.e., brake or

steer.)

A problem that persists in the study of age-related correlates of crashes is that of the
compensatory driving strategies often employed by older drivers (Ball and Owsley, 1991). Ina
survey assessing the effects of aging on older driver travel characteristics, it was found that age
was a factor in deciding when to drive during the day. Generally, as drivers aged, they were less
likely to drive during peak hours. Additionally, they avoided whenever possible driving on icy
roads, in the snow, during peak hours, at night, and in the rain (Benekohal et al., 1994). In
attempts to build predictive models of accident involvement, this self-regulation has lessened the
models’ specificity by introducing into the equation samples whose actual behaviors are
inconsistent with their predicted performance. Thus, any attempt to build successful models will
have to include information regarding individual driver avoidance behaviors and habits (Ball and
Owsley, 1991). Self-reports have suggested that, for the most part, drivers are aware of their
own deficits, and this awareness influences driving decisions (Kosnik et al., 1990; Benekohal et
al., 1994). However, the degree to which older drivers can successfully self-regulate their driving

behavior remains to be seen.



Description of the Problem

Personal vehicles remain the transportation mode of choice for all Americans, including older
people. As shown in figure 3, accident rates go down, on a per capita basis, with age. As shown in
figure 4, however, fatality rates on a per mile driven basis, are highest for the youngest and oldest
drivers.

Figure 3: Driver Involvement Rates in Fatal Crashes by Age and Sex (USDOT/NHTSA, 1997)
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Figure 4: Driver Fatality Rates per 100 Million Vehicle Miles Traveled, by Age
(USDOT/NHTSA, 1997)
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In fact, adjusted for mileage, drivers over 85 have nine times the fatality rate of drivers 25 to 69
(USDOT/NHTSA, 1997). Although people limit their actual miles driven as they age, and even
though those miles are often logged at the safest times, during the day and during non-rush-hour
traffic (Planek and Overend, 1973) their rate of crashes per mile is extremely high. Older drivers
have more traffic convictions and crashes per mile driven than any other age group and are more
likely to be cited as being at fault (Benekohal et al., 1994). Because of the disproportionately
large percentage of crashes attributed to older drivers, it has become essential that the correlates

associated with those crashes be identified.

McKelvey, Maleck, Stamatiadis, and Hardy (1988) examined the relationship between age and
highway crashes and found that drivers over age 50 were more likely to be involved in crashes
than they were in earlier years. In addition, these crashes were likely to occur at intersections,
suggesting diminished physical or mental capability as a causative factor. Stelmach and Nahom
(1992) also cited diminished physical and mental capability, particularly cognitive-motor ability,
as a contributor to the decline in the driving skills of older motorists.

Traffic Control Devices

According to the Manual on Uniform Traffic Control Devices (USDOT/FHWA, 1988), traffic
control devices, including signs, help insure highway safety by providing orderly and predictable
movement of traffic and insuring safe and informed operation of individual elements in the
traffic stream. To be effective, traffic control devices should meet five basic requirements:



Fulfill a need.

Command attention.

Convey a clear, simple message.
Command respect of road users.

Give adequate time for proper response.

N

Items three and five are strongly related to sign comprehension and recognition distance. Traffic
control devices fall into three categories: signs, markings, and signals. Although all traffic
control devices are important, this review focuses on sign related issues only.

Traffic Sign Comprehension

According to Dewar and Ellis (1974), a number of criteria should be included in evaluating a
traffic sign. In order of importance, these factors are: understandability, recognition time,
conspicuity, legibility distance, glance legibility, and learnability. Traffic sign comprehension
speaks to the first (understandability) and most critical of these factors. If the message on a sign
cannot be understood by the users, clearly it will not be effective, even if it performs well on the
other factors. A number of factors (e.g., conspicuity, glance legibility, recognition distance) have
been investigated as possible determinants of traffic sign comprehension.

Sign comprehension studies have investigated a wide variety of topics. Much of the research
includes direct comparisons between symbol and text signs (King, 1975; King & Tierney, 1970;
Ellis & Dewar, 1979) to determine whether they performed differentially at conveying their
intended messages. King (1975) pointed out that text signs had been frequently criticized as
being ambiguous, lacking in standardization, and requiring considerable time to interpret. Given
the importance of developing traffic signs that are clear, consistently -expressed, and easy to
interpret, King and Tierney (1970) compared the glance legibility of symbol and text highway
signs and found symbol signs to be generally superior to text signs in transmitting their message.
King (1975) attempted to extend his previous findings (King & Tierney, 1970) by making the
testing conditions more compatible with the true driving experience. He found that, even for
brief exposure durations, symbol signs were superior to text signs at conveying their intended
message.

Although the above studies provide evidence for the general superiority of symbols over text,
some authors (Ellis & Dewar, 1979; Paniati, 1988) have suggested that their relative superiority
should be determined for each sign under the expected environmental conditions in which they
shall be perceived (i.e., daylight, darkness, glare, fog). Additionally, it has been suggested that
for simple messages, the text may be processed more rapidly than the symbol version of the same
niessage (Ellis & Dewar, 1979).

Kline and Beitel (1994) suggest that mixed-modality icons (information presented to more than
one sense simultaneously) may have an advantage over single-modality icons in that they
capitalize on the best aspects of both symbol-only and text-only messages. Guastello, Traut, and
Korienek (1989) found mixed-modality icons to be significantly better than single-modality
icons at conveying meaning. Similarly, Egido and Patterson (1988) found mixed-modality icons
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to be useful in making search and navigation tasks easier as subjects navigated through highly
structured pictorial databases. Finally, Gittins (1986), in his attempt to recommend a systematic
treatment of icon interfaces, noted that in icon interfaces, icons were often reinforced with text
labels to facilitate learning as the user moved from one command-based system to the next. This
research from the human computer interface world leads to the possibility of combining text and
symbols in the same sign as a potential method of optimizing comprehension.

Consideration of redundancy issues may be a concern when a selected sign design is not
intrinsically meaningful or its interpretation is open to considerable ambiguity. A specific
example would be symbol signs that attempt to distinguish between vehicles that are "sharing the
road" or "in the road" versus those that are simply "crossing the road" (Fox & Philips, 1995).
Additionally, Collins and Lerner (1982), have stressed that confusion surrounding the symbol
versions of some proposed building egress warning signs (i.e., "exit," "fire alarm call point,"
"not an exit," etc.) can lead to potentially hazardous consequences. Although these building
signs are not directly related to traffic signs, information on human information processing

crosses the domains.
Traffic Sign Recognition Distance

Recognition distance addresses the importance of a sign providing adequate time for a proper
response. In particular, a sign that has adequate comprehension is of minimal value if drivers
must be so close to the sign before making out the features that they do not have time to make
the proper decision and response. Recognition distance, therefore, is a critical measure of sign
effectiveness. When only text signs are being evaluated, the phrase “legibility distance” is often

used for this concept.

Recognition distance is more difficult to evaluate than comprehension. In its most basic form,
measuring comprehension requires representations of the signs being evaluated and a place to
record subject responses. Recognition distance requires additional setups, including some
technique for having subjects respond to when they can make out features of a sign on the basis

of their distance from the sign.

Methods of evaluating recognition distance vary from real-time simulation (Allen et al., 1980) to
road test with real signs (Dewar & Ellis, 1974 ) to test track situations (Garvey & Pietrucha,
1996) to dynamic laboratory evaluations (Paniati, 1988). Some researchers have used mixed
methods including both simulator and field (Greene, et al., 1995) or multiple dynamic/semi-
dynamic laboratory settings (Mahach, et al., 1999). All of these methods have advantages and
disadvantages. Real-time simulation and road tests tap into dynamic visual acuity and include
the other activities that drivers must perform while operating a motor vehicle, but are expensive
and labor intensive and require very specific equipment. Test track evaluations can use full-size
versions of signs, but also require access to specialized equipment. Laboratory evaluations are
less expensive to set up and although some amount of specialized equipment is needed,
significantly less is required than in the other techniques. Laboratory evaluations do not use full-
size signs, but substituting visual angle and “apparent” distance allows the test to be generalized
to the real world. Since a sign evaluation often compares two versions of the same sign, any of
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the inherent limitations in this approach are normally overcome by experimental design
decisions.

Sign Optimization for Older Drivers

Improving text signs to accommodate the decreased visual capabilities of older drivers can be
done relatively simply — by increasing the letter height. Khavanin & Schwab (1991) found, not
surprisingly, that legibility distance increases with letter size. Other methods of improving
legibility distance include modifications to the stroke width of the fonts used (Garvey &
Pietrucha, 1996). Methods of improving symbols signs, however, are not as straightforward.

Although visual acuity tends to decline with age, many of these changes are identified by
licensing agencies and can be corrected with lenses. Age-related contrast sensitivity changes,
however, are less likely to be identified and no corrections are available. Given that the loss in
contrast sensitivity is more pronounced in the higher frequency domain, it is logical to attempt to
improve sign visibility distance through removal of high frequency elements.

Kline and Fuchs (1993) used a method that consisted of “filtering” high spatial frequency
information from symbols using a sphere lens, and showed that such improved symbols had
longer recognition distances than the standard symbols. A computerized method of filtering
high spatial frequency information was later developed (Dewar, et al., 1997) and found to have
similar promising results, with particular improvements in visibility distance of optimized
symbols under less than optimal viewing conditions (nighttime legibility). The computerized
version used 2D-Fourier analysis to filter out the high spatial frequencies. In both studies, the
stimuli presentation for measurement of visibility distance was based on computer displays with
progressively larger images (based on visual angle) representing varying real-world visibility
distance.

METHOD

Subjects

Forty-eight subjects were drawn from the subject pool maintained by the Human Factors
Laboratory at the Federal Highway Administration’s Turner-Fairbank Highway Research Center
in McLean, VA. Subjects were distributed equally between two age groups: young/middle aged
(21-45) and older (65+), with an equal number of male and female subjects within each group.
The average age of the young/middle-aged subjects was 32 years (range 25 to 45). The average
age of the older subjects was 70 years (range 65 to 81). Subjects were required to possess a valid
driver’s license and pass a far visual acuity examination (20/40 minimum corrected far acuity --
the licensing requirement in this geographic area). Average far visual acuity for the
young/middle aged subjects was 20/16, with a range from 20/13 to 20/40. Average far visual
acuity for older subjects was 20/26, with a range from 20/13 to 20/40. Two subjects who agreed
to participate in the study did not pass the far visual acuity screening and were paid $5.00.
Subjects who participated in the full study were paid $ 35.00 for their participation.
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Stimuli

Twelve experimental signs and 11 “distractor” standard signs were included in the evaluation.
The Federal Highway Administration (F HWA) is currently reformatting and rewriting the
MUTCD, and information on the utility of the 12 test signs is required for this activity. The
distractor signs were chosen because they related, visually, to the test signs.

Test Signs

Twelve test signs were included in this evaluation. The signs are listed in Table 1 and are
discussed in turn below. Figures depicting the two versions of each sign to be tested are included

in Figures 5 to 16.

Table 1: Test Signs Included in the Evaluation

Sign Sign Type Figure Number
Light Rail: Lane Control Regulatory >
Light Rail: Do Not Pass Regulatory 6
Light Rail: Do Not Drive on Tracks Regulatory 7
Light Rail: Look Both Ways at Crossing Warning 8
Lane Ends Warning ?
Jogger Warning 10
Cellular Phone Emergency Number Information 1
Rural Mail Delivery Route Warning 12
Share the Road with Bikes Warning 13
Beach Recreation 14
Electric Vehicle Charging Station Information 15
Scenic Byways Designation Guide 16

Light Rail Signing Series

The first four signs are all related to light rail issues. The National Committee on Uniform
Traffic Control Devices submitted a new Part 10 to the MUTCD that would cover Traffic
Control for Highway-Light Rail Crossings and is in the ederal Register. Light rail vehicles
have particular characteristics that require a special series of signs. They are much quieter than
traditional trains, making it easier for drivers to miss their presence. Furthermore, light rail
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vehicles operate in many different types of mixed-traffic environments and occasionally yield to
cars. This series of signs would provide road users with warning and regulatory information in

the presence of light rail vehicles.

For the three regulatory signs that were evaluated (Lane Control, Do Not Pass, and Do Not Drive
on Tracks) the proposed signs were compared with versions optimized using the 2-D Fourier
analysis method described previously. For the warning sign that was evaluated (Look Both
Ways) a version with an educational plaque was compared with a version without the plaque.

Figure 5: Light Rail: Lane Control (black on white signs)

Proposed ‘ Optimized

CENTER
LANE

14




Figure 6: Light Rail: Do Not Pass (black on white signs)
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Figure 7: Light Rail: Do Not Drive on Tracks (black on white signs)

Proposed (red circle and slash) Optimized

D0 NOT
DRIVE ON
"TRACKS
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Figure 8: Light Rail: Look Both Ways at Crossing (black on yellow signs)

Front View

Proposed

LOOK BOTH
WAYS
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Lane Ends

Many evaluations of Lane Ends symbol signs have been performed over the years but few have
been found to be very successful. Although it is possible that this concept is just too difficult to
represent with a symbol, other more complex concepts are adequately conveyed symbolically.

The signs tested in this evaluation included the current standard symbol sign (W4-2) and a
modified version that might provide more positive information to drivers by including lane

markings and directional arrows.

Figure 9: Lane Ends (black on yellow signs)

Standard Proposed
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Jogger

An evaluation of this sign to warn drivers of the presence of joggers along a route was requested
by a local jurisdiction in New York State. Its application is intended for roadway sections that

are regularly used by joggers.

A “jogger” figure was compared with a standard pedestrian figure, both with a plaque reading
“JOGGER ROUTE” to see if a new symbol is needed, or if the current pedestrian symbol will

serve adequately for this purpose.
Figure 10: Jogger (black on yellow signs)

Jogger Pedestrian

P

JOGGER
ROUTE
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Cellular Phone Emergency Number

Incident management programs on many highways include a detection component that relies on
information phoned in by drivers. With the advent of cellular phones, a sign is needed to inform
motorists how to make these types of emergency contacts. Although many jurisdictions are
using some version of the standard phone symbol (D9-1) for this means, the Massachusetts
Highway Department has requested evaluation of a sign specifically for this purpose.

This evaluation compared a version of the sign with the word “cell” and an antenna with the
standard emergency phone sign.

Figure 11: Cellular Phone Emergency Number (white on blue signs)

Cell/Antenna No “Cell”/Antenna

EMERGENCY (EMERGENCY\
g( *70 *

CELLULAR
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Rural Mail Delivery Route

Rural mail delivery personnel drive slowly and make frequent stops. A sign could help alert
drivers to this potentially hazardous situation. An evaluation of a sign warning motorists of the
presence of rural mail delivery personnel was requested by a Postal worker team in Ohio.

This evaluation compared the sign developed by the Post Office working group with an
optimized version of the sign.

Figure 12: Rural Mail Delivery Route (black on yellow signs)

Optimized

Proposed

7 MAIL N\
DELIVERY '\
X X
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Share the Road with Bikes

A previous evaluation (Fox & Philips, 1995) showed that a rear view of a bicyclist and a vehicle
was appropriate for conveying the concept of bicyclists and cars “sharing the road.” The symbol,

however, had very poor recognition distance.

This evaluation compared the original symbol with an optimization of a symbol proposed by the
Las Vegas Regional Transportation Commission to see if recognition distance can be improved

without adversely impacting comprehension rate.

Figure 13: Share the Road with Bikes (black on yellow signs)

Optimized

Proposed
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Beach

The Beach sign is intended as a Recreational and Cultural Interest Area sign. This series of signs
is used to guide tourists and visitors to places of interest. There is no existing version of this
sign, and only the proposed version was evaluated (for comprehension only).

Figure 14: Beach (white on brown sign)
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Electric Vehicle Charging Station

Commercial launch of electric vehicles is beginning in selected markets, and use of these
vehicles is expected to increase over time. A highway sign to indicate the location of charging
stations for such vehicles is needed as an addition to the current D9-11 series of “fueling”

symbols addressed in the MUTCD.

This evaluation included two symbols. The first symbol is the one designed by the Electric
Vehicle Association of the Americas. The second symbol was designed at the FHWA and is a

modified version of the standard D9-1 fuel pump symbol.

Figure 15: Electric Vehicle Charging Station (white on blue signs)

Car Pump
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Scenic Byways

The Scenic Byways sign is intended as an identifier and trailblazer for those roads designated as
scenic byways or All-American Highways.

This evaluation compared the proposed symbol with an optimized version.

Figure 16: Scenic Byways Designation (blue, white, green, yellow, and black signs)

Proposed Optimized
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Distractor Signs

Eleven other signs were included in the study. These signs were selected to insure that subjects
fully recognized the test signs before providing a recognition distance response. The distractor
signs have some design characteristics that make them similar to the target signs. There is one
distractor sign for each of the test signs, except for the Beach sign, which only has one version
and was not evaluated for recognition distance.

Table 2 lists the signs (and MUTCD numbers) used as distractors in the study as well as a brief
description of why the sign was included. Figures depicting these signs are included in F igures

17 to 27.

Table 2: Distractor Signs Included in the Evaluation

MUTCD Size Reason for Inclusion
Number

1 Train Station I-7 24 X 24 | similar to light rail

2 Bus Stop R7-107a 30 X 12 | similar to light rail

3 Truck Crossing WI11-10 30 X 30 | similar to light rail

4 | Advance Railroad Tracks W10-4 30 X 30 | similar to light rail

5 Added Lane W4-3 30 X 30 | similar to lane ends

6 | Advance Pedestrian Crossing | W11-2 30 X 30 | similar to Jogger

7 | Phone D9-1 24 X 24 | similar to cell phone

8 Slippery When Wet W8-5 30 X 30 | similar to rural mail delivery

9 | Bike Crossing W11-1 30 X 30 | similar to bike route

10 | Fuel D9-11 24 X 24 | similar to EV charging

11 | Evacuation Route CD-1 18 diam | similar to scenic byways
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Figure 17: Distractor: Train Station (I-7) (white on green sign)

/g ) 3
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Figure 18: Distractor: Bus Stop (R7-107a) (black on white sign with red circle and slash)

# N
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Figure 19: Distractor: Truck Crossing (W11-10) (black on yellow sign)

Figure 20: Distractor: Advance Railroad Tracks (W10-4) (black on yellow sign)



Figure 21: Distractor: Added Lane (W4-3) (black on yellow sign)

Figure 22: Distractor: Advance Pedestrian Crossing (W11-2) (black on yellow sign)
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Figure 23: Distractor: Phone (D9-1) (white on blue sign)

Figure 24: Distractor: Slippery When Wet (W8-5) (black on yellow sign)




Figure 25: Distractor: Bike Crossing (W11-1) (black on yellow sign)

Figure 26: Distractor: Fuel (D9-11) (white on blue sign)
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Figure 27: Distractor: Evacuation Route (CD-1) (white on blue sign)

g

EVACUATION
ROUTE
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Sign Optimization

The FHWA “Design-by-Blur Graphic Optimization Software” was used to redesign some of the
signs in an attempt to improve their recognition distance. This package uses the “recursive blur”
technique to shift critical symbol information from high spatial frequencies to low spatial
frequencies. In this multi-step process, the designer constructs a symbol and then uses the
software to “blur” the image. The effect of the blurring on the recognition of critical elements is
evaluated, and those elements that are not clear under the blurred condition are redesigned. The
redesigned symbol is subjected to the blurring process again and redesigned, if necessary, until
all critical elements of the symbol are visible under blurred conditions.

In the blurring process, 2D Fourier computer analysis techniques generate an exact mathematical
description of the image. These weighted functions are based on spatial frequency of the
symbol. These functions are subjected to filtering that removes the high frequency elements of
the symbol, and then the image is regenerated. In the resulting image, the high frequency
elements appear blurred and are those that the designer attempts to remove in the iterative sign
design passes.

Materials/Laboratory Setup

Comprehension

Color 8.5 by 11-inch (216 by 279 mm) prints of the signs were used in the comprehension
portion of the evaluation. Subjects were seated at a desk in a quiet laboratory.

Recognition Distance

Scaled down versions of the signs were used in the recognition distance portion of the evaluation.
The actual size of the signs ranged from 3.5 by 3.5 inches (89 by 89 mm) to 6.5 by 5 inches (165
by 127 mm). The signs were prepared in Autocad, cut from engineering grade sheeting using an
Advanced Digital Cutting Systems Sign Cutter, and affixed to metal plates of the appropriate size
and shape.

The FHWA Photometric and Visibility Laboratory was used for data collection for the
recognition distance portion of the evaluation. The main portion of the laboratory is
approximately 13 feet (4 m) wide and 120 feet (37 m) long. Walls, floors, and ceilings are
painted flat black to minimize reflections. Overhead daylight fluorescent fixtures provide
varying levels of illumination.

The scaled down signs were placed at one end of the laboratory, at 110 feet (33 m) from the
subject’s starting point. This combination of starting distance and sign scaling provides a
maximum recognition distance that simulates 770 feet (235 m) in the real world. The lights were
kept on in the laboratory, and the scaled down signs received additional spot illumination from a

Xenon lamp to provide a luminance of 370 cd/m2, approximating the amount of light on an

34




overcast day. The signs were mounted on a flat black surface, 5 feet (1.5 m) above the floor,
using Velcro tabs.

Every 5 feet (1.5 m), a piece of numbered blue electrical tape was place on the floor of the
laboratory as a marker for the stations at which the subject was to stop. The experimenter stayed
at the “sign” end of the laboratory, and the subject made a slow walking approach toward the
sign, stopping at each station. After each trial, the subject returned to the starting point, and the
experimenter mounted the next sign and the process was repeated.

Procedure
Overview

Comprehension

Subjects were given one version of each of the signs. They were then asked to write their
interpretation of the signs’ meanings and what actions they would take if they saw the signs
along the roadway. Both of these measures (meaning and action) were used to evaluate

comprehension of the signs.
Recognition Distance

Scaled down versions of each of the signs were made of actual sheeting materials. Subjects
made a walking approach toward these scaled down signs in a long visual tunnel. The subject
stopped at numbered stations along the way until he/she could identify the sign. If the
identification was accurate, the distance was recorded, and the next trial began. If the
identification was not accurate, the trial resumed. This process was repeated for each sign.

Intake Procedures

Upon arrival at FHWA’s Turner-Fairbank Highway Research Center, the experimenter greeted
the subject. The subject then read and signed an informed consent form (see Appendix A) that
included minimal demographic information (date of birth, age, and gender). The experimenter
then administered a visual acuity test (using a Titmus 2000) to ensure that the subjects met the
minimum visual acuity requirements (20/40 minimum corrected far acuity).

Comprehension Procedure

Each subject was provided with a color, 8.5 by 11-inch (216 by 279 mm) copy of one version of
each of the 12 test signs as well as the 11 distractor signs. Each subject saw a different
randomized order of signs. The randomization was performed with the following rules:

1. None of the light rail signs could immediately follow each other;
2. None of the distractor signs could immediately follow its affiliated test sign, or vice

versa; and



3. None of the light rail distractor signs could immediately follow another light rail sign,
or vice versa.

Signs were individually presented to subjects in a three-ring binder. In the binder, a response
sheet immediately followed each sign. Verbatim instructions that were read to each subject for
all test procedures are included in Appendix B. Subjects noted the code for the sign at the top of
the response sheet, wrote down their interpretation of the sign’s meaning and what action they
would take if they saw the sign along the roadway, and then went on to the next sign in the book.
After the subject had completed this procedure for all 23 signs, the experimenter reviewed the
signs and the subject’s responses with the subject, and told the subject the intended meaning and
action for each sign. Criteria for correct comprehension responses are included in Appendix C.

Recognition Distance Procedures

In the recognition distance procedure, each subject saw the signs in the reverse of the randomized
order he/she had seen in the comprehension portion. These trials included 11 test signs (the
Beach sign was not included), as well as the 11 distractor signs. The version of the target sign
that the subject was exposed to in this portion of the study was the same version he/she was
exposed to in the comprehension portion.

Each subject started at the far end of the visual tunnel. The subject walked slowly toward the
sign until he/she could accurately identify the sign at the end. Subjects stopped every 5 feet (1.5
m) (equal to 35 feet (11 m) of recognition distance in the real world) to determine if they could
accurately identify the sign. If the description was accurate, the “station” (tape mark) was
recorded, the subject returned to the starting point, the experimenter mounted the next sign, and
the next trial was started. A priori descriptions of elements that were required for an accurate
response are included in Appendix D. If the description was insufficient, the trial resumed from
the point of interruption. This process continued until the subject accurately identified the sign or
reached the end of the laboratory.

Experimental Design

The study used a 2 (Age) x 2 (Versions of Sign) experimental design for each sign. Both Age
and Version of Sign were between-group factors. Each subject only saw one of the two versions
of the signs under investigation.

Hypotheses

The research hypotheses were:

1. Optimized signs would generally yield recognition distances superior to their non-
optimized counterparts.
2. Younger/middle aged subjects would outperform older subjects on the recognition

distance measure.
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RESULTS

Data Reduction

Comprehension data were reduced into three categories: correct, partially correct, and incorrect
for both meaning and action. The specific criteria used for this data reduction for each sign are

listed in Appendix C.

Recognition data were multiplied by 35 (5 feet per station times a seven times scaling factor) to
get a real-world recognition distance. This is the data set that was analyzed.

Comprehension Data Results

After coding, comprehension data were subjected to a two-sided, Pearson Chi-Square analysis to
determine if there were significant differences between the two versions of the signs in terms of
meaning or action. Results of the Chi-Square test are reported only if the difference reached

significance.

Light Rail: Lane Control

There were no significant differences between the proposed and optimized version of this sign
for either meaning or action comprehension. As seen in Tables 3 and 4, both signs had over 50

percent correct comprehension for both meaning and action.

Table 3: Percentage Distribution of Meaning Comprehension for Light Rail: Lane Control

Proposed Optimized
Correct 62 54
Partially Correct 4 4
Incorrect 33 42

Table 4: Percentage Distribution of Action Comprehension for Light Rail: Lane Control

Proposed Optimized
Correct 67 66
Partially Correct 0 4
Incorrect 33 29

Light Rail: Do Not Pass

There were no significant differences between the proposed and optimized versions of this sign
for either meaning or action comprehension. As seen in Tables 5 and 6, both signs had rather
low meaning comprehension, but action comprehension of over 50 percent correct.
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Table 5: Percentage Distribution of Meaning Comprehension for Light Rail Do Not Pass

Proposed Optimized
Correct 37 42
Partially Correct 8 4
Incorrect 54 54

Table 6: Percentage distribution for action comprehension for Light Rail Do Not Pass

Proposed Optimized
Correct 54 79
Incorrect 46 21

Light Rail: Do Not Drive on Tracks

There were no significant differences between the proposed and optimized versions of this sign
for either meaning or action comprehension. As seen in Tables 7 and 8, both signs had correct
comprehension responses of at least 50 percent for each measure.

Table 7: Percentage Distribution of Meaning Comprehension for Light Rail Do Not Drive On
Tracks

Proposed Optimized
Correct 50 54
Incorrect 50 46

Table 8: Percentage Distribution of Action Comprehension for Light Rail Do Not Drive On

Tracks

Proposed Optimized
Correct 50 62
Incorrect 50 37

Light Rail: Look Both Ways at Crossing
There were no significant differences between the proposed and front view versions of this sign

for either meaning or action comprehension. As seen in Tables 9 and 10, both signs had very
high percentages of correct responses for both meaning and action comprehension.

38



Table 9: Percentage Distribution of Meaning Comprehension for Light Rail Look Both Ways

Proposed Front View
Correct 71 67
Partially Correct 8 4
Incorrect 12 29

Table 10: Percentage Distribution of Action Comprehension for Light Rail Look Both Ways

Proposed Front View
Correct 79 79
Incorrect 21 21
Lane Ends

The Chi-Square test indicated a significant difference in both the meaning and action
comprehension rates for the standard and proposed versions of this sign. As seen in Tables 11
and 12, the proposed version of the sign has better comprehension for both meaning (X2 =21.4,

p = 0.0000) and action (X2 = 5.40, p = 0.020).

Table 11: Percentage Distribution of Meaning Comprehension for Lane Ends

Standard Proposed
Correct 17 83
Partially Correct 50 8
Incorrect 33 8

Table 12: Percentage Distribution of Action Comprehension for Lane Ends

Standard Proposed
Correct 71 96
Incorrect 29 4
Jogger

There were no significant differences between the jogger and pedestrian versions of this sign for
either meaning or action comprehension. As seen in Tables 13 and 14, both signs had very high
percentages of correct responses for both meaning and action comprehension.



Table 13: Percentage Distribution of Meaning Comprehension for Jogger

Jogger Pedestrian
Correct 92 75
Incorrect 8 25

Table 14: Percentage Distribution of Action Comprehension for Jogger

Jogger Pedestrian
Correct 92 87
Partially Correct 0 8
Incorrect 8 4

Cellular Phone Emergency Number

The Chi-Square test indicated a significant difference in both the meaning and action
comprehension rates for the two versions of this sign. As seen in Tables 15 and 16, the sign with
the additional text indicating “cell” and an antenna had better comprehension for both meaning

(X2=6.454, p=10.011) and action (X2 = 9.375, p = 0.002).

Table 15: Percentage Distribution of Meaning Comprehension for Cell Phone Emergency
Number

“Cell/antenna No “cell”/antenna
Correct 87 54
[ncorrect 12 46

Table 16: Percentage Distribution of Action Comprehension for Cell Phone Emergency Number

“Cell/antenna No “cell”/antenna
Correct 87 46
Incorrect 12 54

Rural Mail Delivery Route

There were no significant differences between the proposed and optimized versions of this sign
for either meaning or action comprehension. As seen in Tables 17 and 18, both signs had very
high percentages of correct responses for both meaning and action comprehension.
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Table 17: Percentage Distribution of Meaning Comprehension for Rural Mail Delivery Route

Proposed Optimized
Correct 92 87
Partially Correct 4 4
Incorrect 4 8

Table 18: Percentage Distribution of Action Comprehension for Rural Mail Delivery Route

Proposed Optimized
Correct 92 83
Partially Correct 4 0
Incorrect 4 17

Share the Road with Bikes

There were no significant differences between the proposed and optimized versions of this sign
for either meaning or action comprehension. Although the proposed version seemed to have
better responses for both measures, as seen in Tables 19 and 20, this difference did not achieve
significance for either. Even when the responses on these signs were re-coded to include only
two categories (correct and incorrect), the differences between signs did not reach significance
(although it was close to significance for the action measure, with a p value of 0.052).

Table 19: Percentage Distribution of Meaning Comprehension for Share the Road with Bikes

Proposed Optimized
Correct 67 42
Partially Correct 17 17
Incorrect 17 42

Table 20: Percentage Distribution of Action Comprehension for Share the Road with Bikes

Proposed Optimized
Correct 92 62
Partially Correct 0 4
Incorrect 8 33
Beach

Only one version of the Beach sign was evaluated. In terms of both meaning and
comprehension, the sign performed poorly, as seen in Table 21, with less than one-third of the
subjects providing a correct response. A Chi-Square test, comparing the observed response
distribution to an expected (random) distribution of 50 percent correct and 50 percent incorrect

produced a significant difference (meaning: X? = 10.083, p = 0.001; action: X2=8333,p=
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0.004).

Table 21: Percentage of Correct and Incorrect Meaning and Action Comprehension for Beach

Meaning Action
Correct 27 29
Incorrect 71 71

Electric Vehicle Charging Station

There were no significant differences between the car and pump versions of this sign for either
meaning or action comprehension. Although the pump seemed to have better responses for both
measures, as seen in Tables 22 and 23, this difference did not achieve significance for either
measure (although both were close to significance with p values of 0.066).

Table 22: Percentage Distribution of Meaning Comprehension for Electric Vehicle Charging
Station

Car Pump
Correct 21 46
Incorrect 79 54

Table 23: Percentage Distribution of Action Comprehension for Electric Vehicle Charging
Station

Car Pump
Correct 21 46
Incorrect 79 54

Scenic Byways Designation

There were no significant differences between the proposed and optimized versions of this sign
for either meaning or action comprehension. As seen in Tables 24 and 25, both versions had
very poor comprehension on both measures.

Table 24: Percentage Distribution of Meaning Comprehension for Scenic Byways.

Proposed Optimized
Correct 17 17
Incorrect 83 83
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Table 25: Percentage Distribution of Action Comprehension for Scenic Byways

Proposed Optimized
Correct 17 8
Incorrect 83 92

Recognition Distance Data Results

Recognition distance data, coded into real-world distances as described above, were initially
transformed to z-scores, to determine if there were outliers that might inappropriately affect the
ANOVA. These z-scores were calculated separately for each sign type (across versions and age
groups), and one outlier (recognition distance more than three standard deviations above or
below the mean) was found for two signs: Light Rail Do Not Drive on Tracks and Light Rail
Look Both Ways. In both cases, the outlier was the same subject, whose recognition distance
was much higher than the mean on these signs. This outlier was removed from the analyses. A
- series of two-way ANOVAS were then performed, one for each of the test signs. Results of the
ANOVA test are reported only if the difference reached significance.

Light Rail: Lane Control

The ANOVA showed no significant difference in recognition distance between the two versions
of this sign. There was a significant difference for age (F = 57.206, p = 0.000), with younger
drivers recognizing the sign at a greater distance than older drivers (see Table 26). There were

no interactions.

Table 26: Recognition Distance (in Feet) for Light Rail Lane Control, by Age and Sign Group

Proposed Optimized Average
Younger 258.1 274.2 266.15
Older 154.6 137.1 145.83
Average 206.3 205.6 205.9
(1 ft=0.305m)

Light Rail: Do Not Pass

The ANOVA showed no significant difference in recognition distance between the two versions
of this sign. There was a significant difference for age (F = 29.805, p = 0.000), with younger
drivers recognizing the sign at a greater distance than older drivers (see Table 27). There were

no interactions.
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Table 27: Recognition Distance (in Feet) for Light Rail Do Not Pass, by Age and Sign Group

Proposed Optimized Average
Younger 318.0 315.0 316.4
Older 187.0 226.0 206.3
Average 2523 270.5 261.4

(I ft=0.305m)
Light Rail: Do Not Drive on Tracks

The ANOVA showed a significant difference in recognition distance for both sign group (F =
7.225, p = 0.010) and for age (F = 17.842, p = 0.000). The proposed version of the sign had a
significantly better recognition distance than the optimized version, and younger drivers
recognized the sign at a greater distance than older drivers (see Table 28). There were no

interactions.

Table 28: Recognition Distance (in Feet) for Light Rail Do Not Drive on Tracks, by Age and
Sign Group

Proposed Optimized Average
Younger 295.0 216.0 255.2
Older 187.0 163.0 175.0
Average 240.6 189.6 215.1

(1 ft=0.305m)

Light Rail: Look Both Ways at Crossing

The ANOVA showed no significant difference in recognition distance between the two versions
of this sign. There was a significant difference for age (F = 15.462, p = 0.000), with younger
drivers recognizing the sign at a greater distance than older drivers (see Table 29). There were

no interactions.

Table 29: Recognition Distance (in Feet) for Light Rail Look Both Ways, by Age and Sign

Group

Proposed Front View Average
Younger 338.3 306.3 322.9
Older 210.0 192.5 201.2
Average 274.2 2494 261.8

(1 ft= 0.305m)

Lane Ends

‘The ANOVA showed a significant difference in recognition distance for both sign group (F =
56.390, p = 0.000) and for age (F = 24.799, p = 0.000). The standard version of the sign had a
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significantly better recognition distance than the proposed version, and younger drivers
recognized the sign at a greater distance than older drivers (see Table 30). There were no

interactions.

Table 30: Recognition Distance (in Feet) for Lane Ends, by Age and Sign Group

Standard Proposed Average
Younger 723.0 405.0 564.4
Older 499.0 263.0 380.6
Average 611.0 333.9 472.5

(1 ft=0.305m)
Jogger

The ANOVA showed no significant difference in recognition distance between the two versions
of this sign. There was a significant difference for age (F = 15.878, p = 0.000), with younger
drivers recognizing the sign at a greater distance than older drivers (see Table 31). There were

no interactions.

Table 31: Recognition Distance (in Feet) for Jogger, by Age and Sign Group

Jogger Ped Average
Younger 440.4 367.5 403.9
Older 2304 189.6 210.0
Average 335.4 278.5 306.9

(1 ft=0.305m)
Cellular Phone Emergency Number

The ANOVA showed no significant difference in recognition distance between the two versions
of this sign. There was a significant difference for age (F = 10.065, p = 0.003), with younger
drivers recognizing the sign at a greater distance than older drivers (see Table 32). There were

no interactions.

Table 32: Recognition Distance (in Feet) for Cell Phone Emergency Number, by Age and Sign
Group

“Cell/antenna No “cell”/antenna Average
Younger 551.3 574.6 562.9
Older 431.7 360.2 395.9
Average 491.4 467.4 479.4

(1 ft = 0.305m)

Rural Mail Delivery Route
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The ANOVA showed no significant difference in recognition distance between the two versions
of this sign. There was a significant difference for age (F = 14.980, p = 0.000), with younger
drivers recognizing the sign at a greater distance than older drivers (see Table 33). There were

no interactions.

Table 33: Recognition Distance (in Feet) for Rural Mail Delivery Route, by Age and Sign Group

Proposed Optimized Average
Younger 268.3 259.6 263.9
Older 179.4 180.8 180.1
Average 223.8 220.2 222.0
(1ft=0.305m)

Share the Road with Bikes

The ANOVA showed no significant difference in recognition distance between the two versions
of this sign. There was a significant difference for age (F = 20.044, p = 0.000), with younger
drivers recognizing the sign at a greater distance than older drivers (see Table 34). There were

no interactions.

Table 34: Recognition Distance (in Feet) for Share the Road with Bikes, by Age and Sign Group

Proposed Optimized Average
Younger 435.0 502.0 468.1
Older 293.0 235.0 263.0
Average 363.8 368.2 366.0

(1 ft=0.305m)
Electric Vehicle Charging Station

The ANOV A showed no significant difference in recognition distance between the two versions
of this sign. There was a significant difference for age (F = 6.992, p = 0.011), with younger
drivers recognizing the sign at a greater distance than older drivers (see Table 35). There were
no interactions.

Table 35: Recognition Distance (in Feet) for Electric Vehicle Charging Station, by Age and Sign
Group '

Car Pump Average
Younger 3354 303.3 3194
Older 188.1 186.7 187.4
Average 261.8 245.0 2534

(1 ft = 0.305m)
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Scenic Byways Designation

The ANOVA showed no significant difference in recognition distance between the two versions
of this sign. There was a significant difference for age (F = 27.912, p = 0.000), with younger
drivers recognizing the sign at a greater distance than older drivers (see Table 36). There were

no interactions.

Table 36: Recognition Distance (in Feet) for Scenic Byways, by Age and Sign Group

Proposed Optimized Average
Younger 387.9 411.3 399.6
Older 201.3 180.8 191.0
Average 294.6 296.0 295.3

(1 ft = 0.305m)

Summary of Results

Table 37 summarizes the results of the comprehension and recognition distance data for the test

signs.

Table 37: Summary of Results

Sign Meaning Action Recognition
Comprehension Comprehension Distance

Light Rail Lane Control No difference No difference No difference

Light Rail Do Not Pass No difference No difference No difference

Light Rail Do Not Drive on
Tracks

No difference

No difference

Proposed better
than optimized

Light Rail Look Both Ways

No difference

No difference

No difference

Lane Ends

Proposed better
than standard

Proposed better
than standard

Standard better
than proposed

Jogger

No difference

No difference

No difference

Cellular Phone Emergency

With “cell” &
antenna better
than without

With “cell” &
antenna better
than without

No difference

Rural Mail Delivery Route

No difference

No difference

No difference

Share the Road with Bikes

No difference

No difference

No difference

Beach Poor Poor Not tested
Electric Vehicle Charging | No difference No difference No difference
No difference No difference No difference

Scenic Byway

DISCUSSION/RECOMMENDATIONS
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Overall

For most of the signs, there were no significant differences between the two designs in the
comprehension measures. This is not surprising, because, as seen in Figures 5 to 16, the
difference between the versions was relatively subtle for six of the signs (Light Rail Lane
Control, Light Rail Do Not Pass, Light Rail Do Not Drive on Tracks, Rural Mail Delivery Route,
Share the Road with Bikes, Scenic Byways Designation). The two signs that did have a
significant difference in comprehension, Lane Ends and Cell Phone Emergency Number, had
noticeable differences in the two designs tested.

As expected, for all signs, younger participants had significantly longer recognition distances
than older participants. Given the differences in the average visual acuity of the groups, with
younger drivers averaging 20/16 and older drivers averaging 20/26, this is not surprising. In all
of the signs, this would probably translate to a practical, as well as a statistical, difference.

The lack of significant difference between the two versions of the signs on the recognition
distance measure is probably related to the criteria used for ending the recognition distance task
as well as the fact that the subjects completed the comprehension task before the recognition
distance task. Subjects could complete the recognition distance task by providing the meaning of
the sign and did not have to describe each individual element on the sign. The optimization on
the signs removed or modified high frequency elements, which may or may not have been
critical to recognition of the sign. Furthermore, because they had seen large versions of each of
the signs for an extended period of time during the comprehension portion of the evaluation,
subjects had a good idea of what to look for to recognize each sign. In this evaluation, it was
decided that if the distance-oriented task was to truly be a recognition distance task, there was no
need to keep the subjects naive as to what signs they were looking at. That is, it was a true
“recognition” task, in that the subjects didn’t have to describe the elements of the sign but could
recognize it based on a wide range of features. This may have increased the recognition distance
overall and may have also suppressed any subtle advantages that the optimization may have
provided to the signs, but it more closely mimics the real-world task of sign recognition while

driving.

Sign by Sign
Light Rail: Lane Control

The two versions of this sign showed no significant differences on any of the measures. There is
no clear pattern in terms of the incorrect responses based on sign version, and both versions
yielded correct comprehension of over 50 percent. Given that this is a novel sign, this is a
reasonable comprehension rate, and furthermore, it will most likely be implemented with a
significant educational campaign, potentially improving its comprehension. Most of the subjects
participating in this study were from the DC Metro area, where there is no light rail system. It is
feasible that higher rates of comprehension for this entire series of signs would have been
achieved if it was tested with subjects more familiar with light rail systems. The older driver
recognition distance, overall, was 145 feet (44 m). If this is a sufficient recognition distance for
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this sign, either version is acceptable.

Light Rail: Do Not Pass

The two versions of this sign showed no significant differences on any of the measures. There is
no clear pattern in terms of the incorrect responses based on sign version. Neither version had a
very good meaning comprehension (37 percent correct for the proposed and 42 percent for the
optimized), although the action comprehension was adequate for a novel sign (54 percent correct
for the proposed and 79 percent for the optimized). The sign will most likely be implemented
with a significant educational campaign, potentially improving its comprehension. The older
driver recognition distance, overall, was 206 feet (63 m). Either sign is acceptable.

Light Rail: Do Not Drive on Tracks

The two versions of this sign did not show a difference on the comprehension measures, but the
proposed version had a better recognition distance than the optimized version. There is no clear
pattern in terms of the incorrect responses based on sign version, but both versions had at least 50
percent cotrect comprehension on both meaning and action. Given that this is a novel sign, this
is a reasonable comprehension rate, and furthermore, it will most likely be implemented with a
significant educational campaign, potentially improving its comprehension. The proposed
version had a significantly better recognition distance (240 feet (73 m) vs. 189 feet (58 m)) so it
is recommended for implementation.

Light Rail: Look Both Ways at Crossing

The two versions of this sign showed no significant differences on any of the measures. Both
versions yielded correct comprehension of over 65 percent. Given that this is a novel sign, this is
a good comprehension rate, and furthermore, it will most likely be implemented with a
significant educational campaign, potentially improving its comprehension The older driver
recognition distance, overall, was 201 feet (61 m). Either sign is acceptable.

Lane Ends

The two versions of this sign showed significant differences on both measures. In the
comprehension responses, the proposed version had better meaning comprehension (83 percent
correct vs. 17 percent) and significantly better action comprehension (96 percent correct vs. 71
percent). The reason for the large difference in meaning and action comprehension for the
standard sign is related to the acceptable correct responses. For the meaning comprehension to
be correct, a subject had to identify that the right lane was ending; for the action comprehension,
any response relating to being careful for vehicle entering their lane was considered correct. For
the standard sign, all 12 of the partially correct responses were either “lanes merge ahead” or
“lane narrows ahead.” The appropriate action for this incorrect meaning, and the appropriate
action for the correct meaning (lane ends) are similar (watch for other vehicles entering your

lane).
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The distractor sign for Lane Ends was Added Lane (shown in Figure 21). This sign also had a
very poor meaning comprehension (33 percent correct), with most of those incorrect responses
(29 of 32 subjects) indicating the meaning as “merging traffic.” In this case, however, the action
response is quite different from the correct one with this interpretation. In fact, 35 percent of the
subjects had an incorrect action for the Added Lane sign, and most of those incorrect responses
(26 of 31 subjects) indicated the meaning as “merging traffic.” In this case, the distractor sign
and the test sign have similar symbols, but completely opposite meanings. Serious lack of
understanding on the distractor sign leads to a recommendation that it be redesigned.

In terms of recognition distance, a different pattern emerged, with the standard sign showing a
better recognition distance than the proposed sign (611 feet (186 m) vs. 333 feet (102 m)). Given
the conflicting findings in the comprehension and recognition distance portions of the sign, and
the confusion with a sign with an opposite meaning, more research is recommended.

Jogger

The two versions of this sign showed no significant differences on any of the measures. For the
meaning comprehension, the pedestrian version showed more incorrect responses that included
pedestrians than did the jogger version, but for the action comprehension, there is no clear
pattern based on sign version. Both versions yielded correct meaning comprehension of at least
75 percent and correct action responses of over 85 percent. The older driver recognition
distance, overall, was 210 feet (64 m). There was a significant difference in recognition distance
of just the symbol (not including the text) with the pedestrian symbol being recognized at a
greater distance then the jogger symbol, but as the pedestrian symbol does not convey the sign’s
intended meaning accurately, this was not considered sufficient. Given that an additional word
plaque could be added to an existing symbol to convey the sign’s intended message, rather than
adding a new sign to inventories, the pedestrian sign with the plaque is recommended.

Cellular Phone Emergency Number

The two versions of this sign showed significant differences on both comprehension measures,
with the version including the antenna and the word “cell” performing better than the other
version. All of the incorrect meaning responses for the “non cell/antenna” version identified the
sign as referring to a standard (land line) phone rather than a cell phone, and the action responses
paralleled this pattern. There is no significant difference between the versions on recognition
distance. The older driver recognition distance, overall, was 396 feet (121 m) . As the sign with
“cell” and the antenna had significantly better comprehension and no deterioration in recognition
distance, this version is recommended.

Rural Mail Delivery Route

‘The two versions of this sign showed no significant differences on any of the measures. There is
no clear pattern in terms of the incorrect responses based on sign version, and both versions
yielded correct comprehension of over 80 percent. Given that this is a novel sign, this is an
excellent comprehension rate. The older driver recognition distance, overall, was 180 feet (55
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m). Either version is acceptable.

Share the Road with Bikes

The two versions of this sign showed no significant differences on any of the measures. In the
meaning comprehension, eight of the subjects giving incorrect responses to the optimized sign
included motorcycles instead of or in addition to bicycles when referring to the vehicle depicted
on the right of the sign. The action responses paralleled this pattern. The attempt to give the
bicycle a better recognition distance by thickening its lines changed its perception for a small
portion of the subjects (but the comprehension was not significantly different between the two
versions). In terms of meaning both signs had adequate comprehension (67 percent correct for
the proposed version, 42 percent for the optimized) and good comprehension on action (92
percent correct for the proposed version, 62 percent for the optimized version). The older driver
recognition distance, overall, was 263 feet (80 m).

A previous study (Fox & Philips, 1995) had indicated that another version of this sign (standard
bicycle symbol with plaque below reading “Share the Road” had better comprehension than the
symbol sign, but poorer recognition distance. As the optimization technique did not improve the
recognition distance of the sign, it is recommended that the current standard (standard bike with

“Share the Road” plaque) be retained.

Beach

The Beach sign was very poorly comprehended, with over 70 percent incorrect responses for
both meaning and action. The most common incorrect responses referred to sunbathing, rest
areas, resort areas, Or eXercise areas. The sign is not recommended for implementation

Electric Vehicle Charging Station

The two versions of this sign showed no significant differences on any of the measures. In the
meaning responses, a large number of the incorrect responses for the pump version included
references to electrical outlets (five subjects), or subjects indicated they didn’t know what the
sign meant (five subjects). For the car version, seven of the incorrect responses referred to issues
related to vehicle batteries. In the action comprehension, most of the incorrect responses for the
pump version (7 of a total of 13 incorrect responses) were “don’t know.” For the car version the
incorrect responses predominantly fell into two categories: five subjects responded “don’t know”
and five responded with something relating to charging their battery if necessary. Overall,
neither version had adequate comprehension, with no measure reaching even 50 percent correct
responses. The older driver recognition distance, overall, was 187 feet (57 m).

In an unpublished FHWA study, driver comprehension data were collected on a variety of
Electric Vehicle Charging Station signs. In all cases, versions that included a pump had higher
comprehension than those with just a car. Given the lack of significant difference in recognition
distance between the car symbol and the pump symbol in the current study, the almost significant



advantage of the pump over the car in terms of comprehension in the current study and the
findings of the previous research, the pump symbol is recommended.

Scenic Byways Designation

The two versions of this sign showed no significant differences on any of the measures. There is
no clear pattern in terms of the incorrect responses based on sign version, and both versions
yielded very poor comprehension of less than 20 percent correct. The older driver recognition
distance, overall, was 191 feet (58 m). Given the poor comprehension rate, neither version is
recommended in isolation, although either might be acceptable if used as a symbol on a guide
sign identifying the road in question.

Summary of Recommendations

Table 38 summarizes the recommendations as well as the comprehension and recognition
distance results. Bolded items indicate places where the difference between versions were
significant. In cells that do not have bolded text, there were no statistically significant
differences between versions on that measure. For two of the signs (Share the Road with Bikes
and Electric Vehicle Charging Station), the recommendation is based not only on results from
this effort, but from other related research activities.

Table 38: Summary of Recommendations

Sign Recommen- Percent Percent Correct | Recognition
dation Correct Action Distance (feet)
Meaning
Light Rail Lane Either Version | 62% proposed | 67 % proposed 206.3 proposed
Control 54 % optimized | 66 % optimized | 205.6 optimized
Light Rail Do Not Either Version | 37% proposed | 54% proposed 252.3 proposed
Pass 42 % optimized | 79% optimized 270.5 optimized
Light Rail Do Not Proposed 50% proposed | 50% proposed 240.6 proposed
Drive on Tracks Version 54% optimized | 62% optimized 189.6 optimized
Light Rail Look Either Version | 71% proposed | 79% proposed 274.2 proposed
Both Ways at 67% optimized | 79% optimized 249.4 optimized
Crossing
Lane Ends Neither 17% standard | 71% standard 611.0 standard
Version 83% proposed | 96% proposed 333.9 proposed
Jogger Pedestrian 92% jogger 92% jogger 335.4 jogger
75% pedestrian | 87% pedestrian 278.5 pedestrian
Cell Phone With “Cell” 87% with 87% with extra | 491.4 with extra
Emergency Number | and Antenna extra 46 % without 467.4 without
54% without
Rural Mail Delivery | Either Version | 92% proposed | 92% proposed 223.8 proposed
Route 87% optimized | 83% optimized 220.2 optimized
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Share the Road with | “Share the 67% proposed | 92% proposed 363.8 proposed
Bikes Road” Version | 42% optimized | 62% optimized 368.2 optimized
Beach Not 27% 29%
Recommended
Electric Vehicle Pump Version | 21% car 21% car 261.8 car
Charging Station 46% pump 46% pump 245.0 pump
Scenic Byways Neither 17% proposed | 17% proposed 294.6 proposed
Version 17% optimized | 8% optimized 296.0 optimized
(1ft=0.305m)
RECOMMENDED RESEARCH

Overall

In no case did the optimization technique improve the recognition distance of the symbols. This
contradicts previous research in the area, which found significant improvements in legibility after
optimization. There are a variety of possible reasons for this lack of consistency.

In the previous research, stimulus presentation was performed using a computer. It is possible
that the optimization technique is useful for improving the legibility of images on a computer
screen (whether they are traffic signs or something else) and that the improvements do not carry

over to signs made of real materials.

In this study, one criterion for ending the recognition distance trial was for the subject to name
the sign. In previous research on recognition distance and sign optimization, completion of
recognition distance trials focused on individual elements of signs, rather than on overall
recognition. Possibly the optimization technique, because of its emphasis on particular
individual elements, is not as useful in improving recognition distance when the criterion is the

overall symbol.

Finally, one reason for the lack of improvement in recognition distance because of optimization
may have been related to sign designs. Although the recursive blur software will objectively
point out where the high frequency elements are, the modifications to be made to the symbol are
left to the discretion of the designer. Possibly, the elements that were choseu for improvement,
or the way in which they were improved, removed the high spatial frequency portions but were

not good designs.
Sign By Sign
Light Rail Signing Series

The remaining research needed on the light rail series relates to appropriate methods of road user
education campaigns to improve driver comprehension of these signs.
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Lane Ends

No recommendation was made for the Lane Ends sign. This symbol sign has been evaluated
many times, and none of the versions has ever been found to be highly effective on a wide range
of measures. Particularly given the confusion between this sign and the Added Lane sign, as
well as the large number of incorrect responses that included “merge ahead,” a research
evaluation on just these signs is recommended. Such a study should include “pure”
comprehension and recognition distance evaluation of symbol and word message,
comprehension measures with the signs in context and, eventually, real-world field testing of the
best candidates. It is possible that the signs are, in fact, encouraging appropriate driver behavior
but that drivers are unable to articulate the correct response. Field research will help determine if
this is true.

Cellular Phone Emergency Number

Follow-up research on the Cell Phone Emergency Number should include methods of optimizing
the sign with the “cellular” plaque. In particular, investigations of which elements of the sign
improved its comprehension (the antenna or the “cellular” plaque) should be conducted to see if
the sign can be simplified. Furthermore, an evaluation should be conducted to determine if other
elements of the sign (such as the word “dial”) add to the comprehension of the sign.

Rural Mail Delivery Route

The remaining question on the Rural Mail Delivery Route sign concerns implementation.
Direction will need to be provided on where and how this sign should be put on the roadways.

Beach

This sign had extremely poor comprehension. If it is determined that such a symbol is really
required, another one should be developed and investigated.

Scenic Byways Designation

As neither sign was considered acceptable, a new symbol needs to be developed and evaluated.
In future investigations, perhaps the sign should be evaluated in a context-appropriate setting
rather than as a pure comprehension study. It is unlikely that any symbol developed for this
purpose will have any intrinsic meaning.
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APPENDIX A: INFORMED CONSENT FORM

RECORD OF INFORMED CONSENT

In accordance with 45 C.F.R., Section 46.116, relating to the Protection of Human Subjects in
Research, your informed consent for participation in Federal Highway Administration Human
Factors studies is required. Please consider the following elements of information in reaching

your decision whether or not to consent:

Section [. General:

We are asking for your voluntary participation as a paid subject in a research study on sign
Jdesign. Your participation will require approximately 1.5 to 2 hours. The results of this research
will be useful to human factors researchers, engineers, and others concerned with improving the

safety and operational efficiency of the nation's highway systen.

Upon completion of this session, you will be paid $30.00 for your participation. You must
complete the entire session to receive full remuneration, except as indicated in the sections

below. You may stop at any time.

Section II. Study Procedures:

I You will be asked for biographical information necessary to the study. All information
you provide will remain confidential, and the source of information will not be disclosed

to the public.

2. Prior to beginning the study, you will be given a visual acuity test. In order to proceed in
the study, you must meet the minimum visual requirements with at least 20/40 corrected
visual acuity (with glasses or contacts). If you do not meet these requirements you will

be paid $5.00 for your time.

3. You will be asked to view a series of signs and provide information on what each means
and what action you would take if you saw it on the roadway.

4. You will view a series of signs in a 100 foot darkened laboratory, walking toward each
sign until you can describe it to an experimenter.

Section III. Risks:

With the exceptions listed below, the risks associated with this study are not greater than those
ordinarily encountered in an office environment.

Section IV. Withdrawal of Consent:
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You are free to decline consent, or to withdraw consent and discontinue participation in the
study session at any time.

Section V. For Further Information:

If you have additional questions pertinent to this research, your rights as a subject, or any
injury you believe to be related to this research, please contact:

Division Chief

Information and Behavioral Systems Division (HSR-30)
Federal Highway Administration

Office of Research

Washington, DC 20590

END OF INFORMATION

The basic elements of information have been presented and clearly understood by me, and I
consent to participate as a subject.

NAME (Please print):

ADDRESS / APT. NO.:

CITY, STATE ZIP:

HOME PHONE NUMBER: ( ) -

WORK PHONE NUMBER: ( ) -

GENDER (Please circle one): M F
DATE OF BIRTH: , 19 AGE:
SIGNATURE: DATE:
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APPENDIX B: INSTRUCTIONS TO SUBJECTS

Comprehension

This book has color pictures of 23 signs. After each picture there is a response sheet. For
cach picture, please note on the top of the response sheet the code that appears in the upper
left-hand corner of the picture of the sign Then, at the top of the response sheet (under
“meaning”) please write out what you think the sign means. On the lower half of the response
sheet (under “action”) please write out what action you would take if you saw the sign along
the roadway. Please write neatly, and if you are unsure of the meaning or action, just provide

the best response you can. Any questions?

Recognition

As perhaps you can see, at the end of this hall, is a small highway sign. If you can’t make that
out from here, that is ok. What you need to do is walk slowly toward that sign, stopping at
each of the blue tape marks you see on the floor. At each stopping point, I will ask you if you
can tell me what you see on the sign. [f you can’t make out the sign or if I tell you to provide
more detail, please start walking again. Stop at the next piece of blue tape and once again tell
me what you can see on the sign. When your response is accurate, I will ask you to tell me
the number on the tape. At that point, please walk back to your starting point. I will change
the sign, and we will begin the process again for the next sign. Any questions?
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APPENDIX C: CRITERIA FOR COMPREHENSION CODING

Light Rail

For all the signs in the light rail series, correct identification of the vehicle included the following
responses:

Trolley

Tram

Cable Car

Light Rail

Electric Bus

Electric Train

Light Rail: Lane Control

Correct Meaning: Subjects had to indicate that the correct vehicle type (as listed above) was the
only vehicle permitted on the tracks in the center lane.

Partially Correct Meaning: Responses were coded as “partially correct” if the response
indicated that the correct vehicle was using the center lane (neglected to state that other vehicles
could not use the center lane).

Incorrect Meaning: Responses were coded as “incorrect” if they did not include the information
listed above. Answers were coded as incorrect if the subject identified the vehicle as a train or
the tracks as railroad tracks. Other incorrect answers included: “road repair,” “only center lane
can cross the tracks,” “drive in center lane only,” and “HOV vehicles can use center lane.”

Correct Action: Subjects had to indicate that if they were driving a car, they would not drive in
the center lane.

Partially Correct Action: Responses were coded as “partially correct” if they indicated that they
should avoid the center lane (rather than stating they were prohibited from the center lane).

Incorrect Action: Responses were coded as “incorrect” if they did not include the information
listed above. Answers were coded as incorrect if the subject identified the vehicle as a train or
the tracks as railroad tracks. Other incorrect answers paralleled the incorrect meaning responses
and included: “stay in center lane only,” “do not enter the roadway,” “cross tracks at center
lane,” and “stay in center lane if in HOV.” Responses such as “use caution” and “don’t know”
were coded as incorrect, as were non-responses.

Light Rail: Do Not Pass

Correct Meaning: Subjects had to indicate that they could not pass the correct vehicle type (as
listed above).
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Partially Correct Meaning: Responses were coded as “partially correct” if the response
indicated that they could not pass the appropriate vehicle AND that there was a pedestrian

crossing in the area.

Incorrect Meaning: Responses were coded as “incorrect” if they did not include the information
listed above. Answers were coded as incorrect if the subject identified the vehicle as a train or
the tracks as railroad tracks. Other incorrect answers included: “pedestrians crossing,” “no
passing” (not specific to the light rail vehicle), and “light rail stop ahead.” Responses such as

“don’t know” were coded as incorrect, as were non-responses.

Correct Action: Subjects had to indicate that if they were driving a car, they would not pass the
vehicle (as listed above).

Incorrect Action: Responses were coded as “incorrect” if they did not include the information
listed above. Answers were coded as incorrect if the subject identified the vehicle as a train or
the tracks as railroad tracks. Other incorrect answers included: “slow down”, “don’t walk on
tracks”, and “stay in lane”. Responses such as “don’t know” were coded as incorrect, as were

non-résponses

Light Rail: Do Not Drive on Tracks

Correct Meaning: Subjects had to indicate that they could not drive on the vehicle tracks (as
listed above).

Incorrect Meaning: Responses were coded as “incorrect” if they did not include the information
listed above. Answers were coded as incorrect if the subject identified the vehicle as a train or
the tracks as railroad tracks. Other incorrect answers included “no stopping on tracks” and “do
not enter.” Responses such as “don’t know” were coded as incorrect, as were non-responses.

Correct Action: Subjects had to indicate that if they were driving a car, they would not drive on
the tracks.

Incorrect Action: Responses were coded as “incorrect” if they did not include the information
listed above. Answers were coded as incorrect if the subject identified the vehicle as a train or
the tracks as railroad tracks. Other incorrect answers included “no cars allowed” and “cross
tracks carefully.” Responses such as “don’t know” were coded as incorrect, as were non-

responses.

Light Rail: Look Both Ways

Correct Meaning: Subjects had to indicate that the correct vehicle (as listed above) was passing
on the cross street and they should look both ways.

Partially Correct Meaning: Responses were coded as “partially correct” if they indicated that
there was a trolley/tram line in the general area, but did not indicate it was on the cross street.
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Incorrect Meaning: Responses were coded as “incorrect” if they did not include the information
listed above. Answers were coded as incorrect if the subject identified the vehicle as a subway or

the tracks as railroad tracks.

Correct Action: Subjects had to indicate that if they were driving a car, they would look both
ways and determine if a vehicle (as listed above) was approaching before they proceeded.

Incorrect Action: Responses were coded as “incorrect” if they did not include the information
listed above. Answers were coded as incorrect if the subject identified the vehicle as a train or
the tracks as railroad tracks. Other incorrect answers included “slow down” and “stay to left or

right of rail car.”
Lane Ends

Correct Meaning: Subjects had to indicate that the right lane was ending ahead.

Partially Correct Meaning: Responses were coded as “partially correct” if they indicated that
the lanes merged ahead or the roadway narrowed ahead.

Incorrect Meaning: Responses were coded as “incorrect” if they did not include information as
listed above. Other incorrect responses included :“jog in the road ahead,” “road curves ahead,”
“road shifts ahead,” and “a lane is added ahead.”

Correct Action: Subjects had to indicate that they would stay in the left lane and watch for
traffic entering or merging into their lane.

Incorrect Action: Responses were coded as “incorrect” if they did not include the information
listed above. Other incorrect responses included “slow down for the upcoming curve” and “drive
to accommodate the extra lane.”

Jogger
Correct Meaning: Subjects had to indicate that there were likely to be joggers in the area.
Incorrect Meaning: Responses were coded as “incorrect” if they indicated that there were

pedestrians in the area, or that there was a separate jogger and pedestrian path along the side of
the road.

Correct Action: Subjects had to indicate that they would be alert to people jogging or running in
or near the roadway.

Partially Correct Action: Responses were coded as “partially correct” if they indicated that the
subject would be alert to people in or near the road, but did not specify if they meant joggers or
pedestrians.
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Incorrect Action: Responses were coded as “incorrect” if they indicated that the subject would
be alert to pedestrians in or near the roadway. Other incorrect responses included “slow down

and stop.”

Cellular Phone Emergency Number

Correct Meaning: Subjects had to indicate that the number to dial on a cellular phone for an
emergency was *70.

Incorrect Meaning: Responses were coded as “incorrect” if they did not include the information
indicated above. Incorrect responses included those that did not specify that the emergency call

should be made from a cellular phone.

Correct Action: Subjects had to indicate that they would dial *70 from a cell phone in case of
emergency, or do nothing because they did not have a cell phone, or remember the number for
future reference to call from a cell phone in an emergency.

Incorrect Action: Responses were coded as “incorrect” if they did not include the information
listed above. Incorrect responses included those that did not specify a cell phone. Responses of
“don’t know” were coded as incorrect, as were non-responses.

Rural Mail Delivery Route

Correct Meaning: Subjects had to indicate that mail was being delivered in the area. The rural
aspect was not required for a response to be coded as correct.

Partially Correct Meaning: Two responses were coded as “partially correct.” Both identified
the presence of a mail vehicle, but attributed other characteristics (not delivering mail) to its

actions.

Incorrect Meaning: Responses were coded as “incorrect” if they did not include the information
listed above. Incorrect responses included “pull up mail drop ahead” and “mail truck stop
ahead.” Responses of “don’t know” were coded as incorrect.

Correct Action: Subjects had to indicate that they would be alert to the presence of a vehicle
delivering mail.

Partially Correct Action: One response was coded as “partially correct.” This subject
indicated that they could only pass the oncoming mail vehicle when it was safe to do so.

Incorrect Action: Responses were coded as “incorrect” if they did not include the information
listed above. Incorrect responses included “don’t park in front of mail boxes” and “watch for

people dropping mail in the box.”
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Share the Road with Bikes

Correct Meaning: Subjects had to indicate that bicycles and cars shared the road or were both
allowed on the road

Partially Correct Meaning: Responses were coded as “partially correct” if they indicated that
certain vehicles (cars or bikes) had to stay in a particular lane, or if they included bikes and
motorcycles in their response. Bike Lane and Bike Route responses were also coded as partially

correct.

Incorrect Meaning: Responses were coded as “incorrect” if they did not include the information
listed above. Answers were coded as incorrect if motorcycles but not bicycles were indicated, or
if they indicated that this was a bike path or bike crossing.

Correct Action: Subjects had to indicate that, as a driver, they would be alert to bicyclists riding
in the roadway.

Incorrect Action: Responses were coded as “incorrect” if they did not include the information
listed above. Responses that only indicated a motorcycle (not a bicycle) as the vehicle to watch
for were coded as incorrect. Other incorrect answers included “go slowly” and “stay left.”

Beach

Correct Meaning: Subjects had to indicate that the sign showed the route to get to a beach.

Incorrect Meaning: Responses were coded as “incorrect” if they did not include the information
listed above. Incorrect responses covered a wide range of areas, with the most frequent
responses related to sunbathers, recreation, or rest areas. Responses of “don’t know” were coded

as incorrect, as were non-responses.

Correct Action: Subjects had to indicate that they would follow the sign if they wanted to get to
the beach.

Incorrect Action: Responses were coded as “incorrect” if they did not include the information
listed above. Incorrect responses paralleled the incorrect meaning responses, with the most
frequent responses related to rest or recreation areas. Responses of “don’t know” were coded as

incorrect, as were non-responses.

62



Electric Vehicle Charging Station

Correct Meaning: Subjects had to indicate that the sign showed where an electric vehicle could
be charged.

Incorrect Meaning: Responses were coded as “incorrect” if they did not include the information
listed above. Incorrect responses covered a wide range of areas (from “Red Cross vehicle” to
“car repair ahead”), with the most frequent being either no response or “don’t know.”

Correct Action: Subjects had to indicate that they would follow the sign if they were driving an
electric vehicle that needed charging.

Incorrect Action: Responses were coded as “incorrect” if they did not include the information
listed above. Incorrect responses covered a wide range of areas (from “electricity available
ahead” to “stop and reread sign”), with the most frequent response being either no response or

“don’t know.”

Scenic Byways

Correct Meaning: Subjects had to indicate that the sign identified a scenic highway or route.

Incorrect Meaning: Responses were coded as “incorrect” if they did not include the information
listed above. Incorrect responses covered a wide range of areas, from “glare” to “entering
suburbs,” with no particular incorrect response predominating. Responses of “don’t know” were

coded as incorrect, as were non-responses.

Correct Action: Subjects had to indicate that they should follow this sign if they wanted to be on
a scenic highway or route.

Incorrect Action: Responses were coded as “incorrect” if they did not include the above
information. Incorrect responses paralleled the meaning responses, covering a wide range of
areas (from “slow down” to “ignore the sign”) with no one response predominating. Responses
of “don’t know” were coded as incorrect, as were non-responses.
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APPENDIX D: CRITERIA FOR COMPLETING RECOGNITION TRIAL

For the recognition distance trials, there were various types of responses that were acceptable to
complete the trial. The subject could either name the sign, state its meaning (as described in the
comprehension criteria in Appendix C), or identify all the critical elements of the sign. Critical
elements are described below.

Light Rail: Lane Control

Both: Trolley, Tram, Cable Car, Light Rail, Electric Bus, Electric Train
“Center Lane Only”

Light Rail: Do Not Pass

Both: Trolley, Tram, Cable Car, Light Rail, Electric Bus, Electric Train

Pedestrian
“Do Not Pass”

Light Rail: Do Not Drive on Tracks

Proposed: Car
Tracks
“Do not” circle and slash

Optimized:  Trolley, Tram, Cable Car, Light Rail, Electric Bus, Electric Train
“Do Not Drive on Tracks”

Light Rail: Look Both Ways at Crossing

Croposed: Trolley, Tram, Cable Car, Light Rail, Electric Bus, Electric Train
Arrow

Front View: Trolley, Tram, Cable Car, Light Rail, Electric Bus, Electric Train

Tracks

“Look Both Ways”
Lane Ends
Standard: Left line straight

Right line “jogs” left

Proposed: Left line straight
Right line “jogs” left
Arrows
Lane lines
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Jogger

Both: Jogger, person, or pedestrian
“Jogger Route”

Cellular Phone Emergency Number

Cell/antenna: “Emergency”
Antenna
Phone
“Dial * 707
“Cellular”

w/lout cell:  “Emergency”
Phone
“Dial * 70”7

Rural Mail Delivery Route

Both: “Mail Delivery”
Vehicle
Mailbox

Share the Road with Bikes

Both: Vehicle
Person riding bicycle

Electric Vehicle Charging Station

Car: Car
Plus and minus symbol

Pump: Pump
GGEV”

outlets

Scenic Byways Designation

Both: Mountains
Roadway
City
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