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1. INTRODUCTION 

BACKGROUND 

This report represents the final report 
of one phase of the research project en
titled, "No-Passing Zone Treatments for Spe
cial Geometric and Traffic Operational 
Situations." (Contract DOT-FH-11-9454>. 
The report documents research conducted to 
pilot field test three experimental no-pass
Ing zone advance warning treatments that 
were developed In a previous study, "Passing 
and No-Passing Zones: Signs, Markings, and 
Warrants" <Report No. FHWA-RD-79-5) <..!..>. 

Contract DOT-FH-11-9164 Included devel
opment of criteria, warrants, signs, and 
markings for passIng, no-passIng, and re
strictive passing zones -- based on past re
search, state practices, accident study, 
human factors research, and analytical study 
of the factors and elements involved in the 
passIng maneuver. The resu Its and cone I u
s Ions were revIewed by rep resent at I ves of 
the F edera I H i ghway AdminIstratIon ( FHWA), 
tho National Advisory Committee CNACl, the 
Nation a I Comml ttee on UnIform TraffIc Laws 
and Ordinances ( NCUTLO), and the A mer I can 
Association of State Highway and Transporta
tion Officials CAASHTO). Background lnfor
mat I on concernIng the research and proposed 
treatments under Contract DOT-FH-11-9164 Is 
presented in section 2 of this report. 

The proposed experimental treatment 
(dotted marking and sign> indicated a high 
demonstrated level of driver understanding, 
favorable benet it cost ratio estimates for 
nationwide Implementation, and In general, 
the concept was well reviewed by reviewers. 
B~sed on the conclusions of the study, It 
was decided that the concept warranted field 
evaluation. 

The three exper I menta I treatments In
cluded, (I) the ND-PASSING ZONE pennant sign 
(W14-3l; (2) a short dotted line pattern 

extending upstream from the no-passing zone 
barrIer strIpe and adjacent to the dashed 
center II ne markIng; and (3) comb I nat ion of 
the pennant and the advance dotted 
treatment. The experimental devices were 
Installed at three locations on two-lane 
hIghways In each of three States: North 
Carol ina, Texas, and Utah. Passing 
performance was measured for nDre than 2600 
passing maneuvers executed In the nine study 
sites with conventional no-passing zone 
demarcation and with the experimental 
treatments. 

The report contains background Informa
tion regarding development of the experi
mental treatments, a description of the 
fIe I d study sItes, data measurement techn 1-
ques, data reduction process, and evaluation 
of passIng performance for each of the ex
perimental treatments. The report also pre
sents an evaluation of driver understanding 
and opinions of the experimental treatments 
that Is based on a separate Texas Trenspor
tation Institute study, the results of which 
were made available to this research pro
ject. 

OBJECTIVE 

The object lve of the research reported 
herein was to develop plans for pilot field 
testing the experimental treatments and con
duct pilot field tests and evaluations at a 
limited number of field sites. The pilot 
field tests were intended to provide results 
and conclusions that Indicate the effective
ness of the proposed treetments and Identify 
the treatments that warrant further evalua
tion by the Stetes at additional locetlons 
where the teas I b I I I ty of the treetment was 
not totally conclusive. 

SCOPE 

Contractual requirements specified that 



three study sItes be se I ected In each of 

three States (a tot a I of nIne sItes), each 

sight containing at least 20 no-passing 

zones. One of the treatments was lnsta I led 

In each sIte In each State. The States 

se I ected were geogr ap hI ca I I y dIstrIbuted to 

ref I ect fIat, ro Ill ng, and rrounta I nous ter

rain. Three sites were located In North 

Carolina, three in Texas, and three In Utah. 

The Individual sites are described In Sec

tion 3 of this report. 

OperatIon a I data were measured on 2637 

passing maneuvers -- 1543 maneuvers through 

the study sites with conventional no-passing 

zone demarcation (solid yellow stripe only), 

and 1094 maneuvers through study sites with 

the experimental treatment installed. Data 

were collected for daytime passing maneuvers 

at alI nine sites. Nighttime data were col

lected at two Texas sites also. 

Data measured during each maneuver In

cluded speed and time of passing and passed 

vehicle at several positions throughout the 

maneuver, position of an opposing vehicle, 

vehicle characteristic data (type, size, 

license plate, tral ler, etc.> and positional 

Information of all vehicles with respect to 

the no-passing zone location. 
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2. RESEARCH BACKGROUND 

PROBLEM DESCRIPTION 

No-passing zones conventionally have 

been established on the basis of sight dis

tance along the highway to permit e driver 

to pass another veh I c I e In the face of an 

opposing vehicle. The demarcation system to 

desIgnate length of roadway through whIch 

passing Is prohibited has been e solid yel

low line. To prohibit passing In one direc

t I on on I y, the ye I I ow II ne Is pI aced to the 

right of the highway center I ine marking. A 

solid yellow double centerline line pattern 

Is used to prohIbIt passIng In both d I rec

tions. (2) 

The ultimate goal of any traffic con

trol device Is to provide a system that (1) 

drivers readily understand, <2> drivers ac

cept and be I I eva to be necessary to theIr 

sate vehicle operation, (3) is uniformly ep

plied, and (4) provides the necessary Infor

mation to ei I cit the Intended driver res

ponse In sufficient time. This Is partlcu-

1 ar I y Important In desIgnatIng no passIng 

zones because the pot anti a I tor a severe I y 

hazardous coli islon is increased during the 

passIng maneuver. Severa I factors contr I

bute to the hazard -- the high speeds ln

vo I ved, the comp I ex I ty of the drIvIng task, 

end the basic fact that the passing vehicle 

Is traveling In a lane normally reserved tor 

vehicles traveling in the opposing direc

tion. Even if a headon collision Is 

evolded, the driver who Is forced to ebort a 

pess Is afforded limited maneuvering space. 

The use of the solid yellow line to de

note no-passing zones satisfies the first 

two of the above treftic control device cri

teria quite well (3). It meesures up fairly 

well to the third criterion at least with 

respect to the marking of zones on the road

way (so II d ye I I ow II ne Is used by a I I 

States) but the "design" and "marking" con-
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cepts differ appreciably <.!>• It substan
tia I I y fa II s to meet the fourth--and one of 

the most Important--requirements <..!.>, pri_

marlly because It cannot be seen at sutf 1-

c I ent dIstance under certaIn geometrIc and 

environmental conditions. 

Driver Understanding 

A high level of understanding of the 

precise intent Is a primary requisite of the 

effectiveness of a traffic control device. 

Without understanding, the driver Is con

fused; In fact Is "second guessing" In many 

cases. Thus, a high rate of compliance can

not be expected. Drivers "learn" the mean-

1 ng of signs, pavement markings, and other 

traffic control devices through Initial dri

ver education In obtaining a driver's li
cense, through continued exposure with dri

ving experience and deduction, or sometimes 

through citation for traffic legal viola

tion. Traffic engineers, heve often errone

ously assumed that drivers, In general, 

clear I y understand the Intended meanIng of 

the majorIty of centro I devIces present on 

the hIghway. Gordon Q_) found thIs to be 

far from true; however, his study Indicated 

that the so II d ye I low pavement markIng on 

the right sIde of the pavement center II ne 

markIng was the most correct I y understood 

pavement marking used. This finding alone 

suggests strongly that the solid yellow line 

should constitute the "core" of any demarca

tIon system to desIgnate no-passIng zones. 
1 t offers one further des Jrable char

acteristic-- the length of the longitudinal 

marking distinctly delineates the length of 

roadway through which passing Is prohibited. 

Drivers understand this and, when the solid 

yellow line Is visible, can Immediately de

c I de where passIng maneuvers shou I d not be 
I nltlated. Converse! y, when the pavement 

marking Is dashed, the maJority of drivers 

perceive that a passing maneuver may be 



legally and safely Initiated In the absence 

of an opposing vehicle. 

Driver Acceptance 

Drivers, In general, accept the con
straints that are Imposed by traffic control 

devices -- If the devices are Installed ra

tionally and appear to satisfy a need, 

either a need for safety or a need for 
right-of-way assignment. In many cases, 
drivers not only accept the constraints, 

they advocate the Instal latlon and expect to 
be warned of potent I a I hazard. A study by 
Weaver and Woods (1) revealed that most dri

vers consIder the desIgnation of no-passIng 
zones to be absolutely necessary to their 

safety. They be I I eved that It shou I d be 
contInued, and In fact expressed the com

plaint that many "passing" zones were too 

short. They wou I d prefer that these short 

"passIng" zones between successIve no-pass
Ing zones be closed up because the markings 

were creating a sense of false security. 
Drivers Initiating a pass In the short sec

tions were unable to complete the maneuver 

before reachIng the beginnIng of the so II d 

yellow line downstream. The study also In
dicated that a high majority of drivers be

lieve that they shou I d return to the rl ght 
I ane at or before reachIng the so II d ye I I ow 
II ne. The prl mary comp I a I nt was that the 

beginning point of the solid yellow line was 
not visible at a distance upstream suffi

cient to complete the passing maneuver with

out encroaching Into the no-passing zone 

("clipping"). 

Uniformity of Application 

The Weaver and Woods study < .. !) revealed 
several aspects of non-unIformIty regardIng 
establishment of no-passing zones and also 
In use of differing traffic control devices 

to designate the zones. 

The solid yellow barrier stripe repre

sents the primary technique to designate no-
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passing zones In alI States. The sight dis
tance criteria on which the barrier stripe 

Is started and/or ended vary among States. 
All States employ the "short zone" marking 

concept; however, five States enforce pass-

1 ng operations on the "long zone" concept. 
Under the short zone concept advocated by 

the MUTCO, the no-passIng zone barrIer 
stripe Is begun when downstream sight dis

tance Is less than minimum values specified 
In Sect I on 38-5. The upstream end of the 

stripe designates the location where the 
passing vehicle will be back In the right 
lane. The long zone concept Is based on 

longer minimum sight distance values; hence 

the barrIer strIpe starts further upstream 
than under the short zone cri terl a for a 
given set of visibility constraints. Under 

the long zone philosophy a passing driver 
may comp Jete a pass beyond the start of the 

solid line because a "buffer zone" Is pro
vI ded at the upstream end. No States were 

found to use the longer sight distance cri
teria that provide the long zone safety mar
gin; hence, allowing the passing driver to 

operate the zones on the I one zone ph II o

sophy when the zones were In reality marked 

on the short zone criteria, represents a 

potentially hazardous sltuaton. 

Other non-uniform State practices !den

t If I ed In the Weaver and Woods study are 

sunvnarlzed below: 

1. Four States specify minimum spacing be

tween successIve no-passIng zones that 

are I onger than the 40Q- foot ( 122 m) 

MUTCO specified minimum. 

2. Two States permit minimum "passing" 
zones less than 400 feet ( 122 m) In 

mountainous areas. 

3. Two States do not specify minimum pas
sing zone length. 

4. Only five States use the regulatory DO 

NOT PASS sign (Sign R4-1) as a general 

statewide practice, one of which uses It 
on I y because the pavement markIng Is not 

a regulatory device. At least 17 States 



use the sign selectively for unique geo
metry, visibility during snow, and main

tenance purposes. 
5. One State uses the PASS WITH CAUTION 

sign In II eu of pavement markIngs In 

certain mountainous areas. 
6. At least 34 States use the No-PASSING 

ZONE pennant sign <Sign W14-3) with many 

States adopting Its use within the past 

two years. Sixteen States use It state
wide, 18 States use It selectively. 

Satisfaction of Driving Task Needs 

The current crIterIa for estab II sh I ng 

the II mi ts of passIng and no-passIng zones 

and the demarcatIon of the no-passIng zones 

by mere I y the so I i d ye I I ow I I ne do not sat
isfy the passing driver's operational and 

informational needs In three respects: U.> 

1. The "minimum passing sight distance" on 
which the no-passing zone is predicated 

is not measured from the point within 

the passIng maneuver where the decIsIon 

to abort or comp I ete the maneuver Is 

made. 
2. The solid yellow I lne in many geometric 

situations is not visible back at the 

point where the maneuver decision Is 

made; hence the passing driver Is being 

advised of an approaching no-passing 

zone "after the fact." 
3. The 400-foot ( 122 m) min I mum distance 

between successive no-passIng zones Is 
Inadequate to physically pass almost 98 

percent of the vehicles traveling at on

ly 20 mph (64 km/h). A minimum distance 
of 750 feet (229 m) was found to be nec

essary to a I low about 85 percent of the 
veh I c I es to pass another veh I c I e trav
eling at only 20 mph (64 km/h). 

The Inadequacy of the solid yellow line 

as the sole traffic control device to desig

nate no-passIng zones has been borne out 

from several sources. The Weaver and Woods 
study reached this conclusion repeatedly: 
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1. Human factors studIes and dr lver survey 
techniques revealed that low target vls-

1 b I II ty was the prImary reason for 

"clipping." 
2. Enforcement personnel assembled In a 

workshop agreed unanimously that volun
tary comp I I ance of no-passIng zones 

would be enhanced when a driver ap

proaching the start of the zone had a 

clear Indication that the zone was 
ahead. They agreed that providing ade
quate advance vlslbl I tty of the start of 

the zone was the most Important Improve

ment that could be made In current sign

Ing and marking system used for no

passing zones. Further, the Information 

was necessary back at the position where 
the driver was making the decision to 

pass or abort under the existing condi

tions • 

.3. Actual measurements of visibility dis

tance to the beginning of a painted yel
l ow II ne on hor I zonta I terraIn revea I ed 

that the I i ne cou I d be seen from on I y 

about 400 feet (122m) In daylight and 

from only about 250 feet (76 m) at night 

using low-beam headlights. These vlsl

b I II ty dIstances are approxImate I y 1 50 
feet (46 m) less than needed for a 

50-mph (80 km/h) pass In daytime and 

about 300 feet (91 m) short for a night

time 50 mph (80 km/h) pass when compared 

to AASHTO passing maneuver operational 

data <_!). The dIsparIty Is even worse 
when compared to measured operational 

passing distances In a study by Weaver 

and Glennon <.1>• 

Minimum Passing Sight Distance Terminology 

Another problem that confuses the no
passing zone subject pertains to the differ

ent def I nit Ions of the same term, "min I mum 

passing sight distance," used by design en

gineers and by operations engineers when 

marking no-passing zones on highways In ac
cordance with the Manual on Uniform Traffic 

Control Devices<..£>. A third definition of 



"minimum passing sight distance" was de
veloped by Weaver and Woods <j_>. Their de
fIn It ion Integrated the sl ght dl stance com
ponents necessary to allow a passing driver 

to safely comp late the maneuver from the 

point where the decision Is made to abort or 

complete the pass. 

MAGNITUDE OF THE PASSING-RELATED ACCIDENT 
PROBLEM 

Passing-related accidents generally 
are one of the most severe type that occur 

because of the high speeds Involved and the 

potential for head-on collision. Thus, pub
lic and highway officials are keenly aware 

of the passing safety problem. 

Passing-related accidents, on a nation

wide basis, comprise about 3 to 4 percent of 
the tota I annua I number of highway fata It

ties <j_>. This might, by some individuals, 

be considered to represent a negligible 
problem; however, It represents a sizeable 

do I I ar amount in terms of persona I Injury. 
Based on 50,000 annual highway fatalities, 

this percentage represents about 1500 to 

2000 fat a II tIes per year. At current ace!
dent costs ~>, passing-related accidents 

constitute an estimated 450 to 600 mi Ilion 
dollar economic loss each year. 

No traffic control device can be ex

pected to e II mi nate a II pass lng-re Ia ted 

accidents. However, a 25 to 30 percent re

duction was observed using only the NO-PASS
ING ZONE pennant sign ~>. Accident reduc
tions of this magnitude would reduce the an

nual number of passing-related fatalities by 

about 375 to 500 with an associated annual 

cost savings of 113 to 150 million dollars. 

This lower cost savings, assuming a 
75-dollar pennant sign cost produces a bene
tIt-cost ratio of 1.8 for fatalities alone. 

A treatment per zone costing as llliCh as 135 

do liars wou I d stIll be cost benet I cIa I on 

this basis. The 150 million dollar cost 

savings would justify a 390 dollar treatment 
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cost per site. This simplistic analysis 

suggests that deta II ed study of a I ternate 

treatments of no-passing zones Is warranted, 

particularly If a system could be developed 
that wou I d be expected to reduce the acci

dent rate by more than the 25 percent reduc

tion demonstrated by the pennant sign alone. 

The ace! dent flies from Ca II forn I a and 

Texas for the years 1975 to 1977 were ex
amined to Identify passing-related accidents 

and determine If poss I b I e geometrIc or ope
rational causative factors. It was found 

that an unusua II y hIgh percentage (about 40 

percent) of alI passing-related accidents 
were Intersection-related. The California 
data file Indicated a 15 percent reduction 
In passing-related accidents between 1975 

and 1977--the years before and after the 

national speed limit change to 55 mph 

(89 km/h). The reduction In Texas was 35 

percent. Wh I I e these reduct Ions cannot be 

fully attributed to the speed limit change, 

they do para lie I the genera I accl dent trend 
observed nationally for these years, and 

must be considered to be a significant fac

tor. 

The accident data files reveal only 
those accl dents that were coded, "passIng

related", these data do not Identify the 

total megnltude of the passing accident 

prob I em. It may be conservative I y assumed 

that these data represent the least probably 

estimate of the number of passing-related 
accl dents. 

EXPERIMENTAL TRAFFIC CONTROL DEVICES FOR 
NO-PASSING ZONES 

The objective of the Weaver and Woods 
research study (j_) was to develop Improved 

criteria and guidelines for establishing 

passing and no-passing zones, regulatory 

traffic control devices and traffic regula

Tions, and environment and legal require
ments that cou I d be un I form I y app II ed 



throughout the Nat ion for the safety and 
benefit of alI drivers. 

The Weaver and Woods study developed a 
concept for establishing no-passing zones 
based on "'lllnlmum passing sight distance" 

required to safely comp fete a pass -- the 
s'l ght distance beIng measured from the poInt 
In the maneuver where the decIsIon Is made 
to abort or continue with the passing opera
tion. In addition, alternative traffic con
tro I devices were eva I uated on the bas Is of 
driver understanding, practicality of appli
cation, legality, and cost effctlveness to 
provide the Informational needs to the pass-

1 ng drl ver -- back at the dec! s I on pol nt -
that a no-passing zone was being approached. 
The suggested sIght dIstances for varIous 
passIng speeds were dave I oped from measured 

passing operational distances (_!,1_,.§.,.l>• 

Critical Position CPc) 

The dec 1 s ion to comp I ate or abort the 

pass Is made at the point In time and space 
where the passing vehicle In the left lane 
Is adjacent to the vehicle In the right lane 
being passed. Weaver and Woods referred to 
this point as the "critical position." From 

measured vehicle performance <1.-.§.,.l>, this 
relative position of vehicles occurs at ap
proximately the one-third point of the left 
Jane travel distance. Since It Is at this 
position that the passing driver must decide 
to complete the maneuver or abort and return 
to a position behind the vehicle that was to 
be passed, It, therefore, defines the loca
tion at which Information must be provided 
regarding the avallabl I tty of sate passing 
distance remaining. An opposing vehicle 
that would cont llct with the completion ma
neuver must be eble to be perceived at this 
location. Minimum pesslng sight distance, 
thus, should be measured from this point, 
although the marked no-pesslng zone does not 
begin until a point downstream where the 
passing driver must return to the right 
lane. 
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FIgure 1 Illustrates the concept and 
def I nes term I no I ogy suggested 1 n the Weaver 
and Woods study. Minimum passing sight dis
tance (distance A-B, Figure 1) to an oppos-
1 ng vehIcle that wou I d conf llct wl th sate 
pass completion Is measured from the criti

cal point at point A. The no-passing zone 
begins at point C, the point where the pass-
1 ng drIver must I ega I I y return to the rl ght 
I ana under short zone markIng end enforce
ment philosophy. The dlstence A-c, although 
part of the minimum passing sight distance, 
Is not a no-passing zone; rather, It Is a 
pass completion distance. It Is a distance 
In which a vehicle can physically complete a 
pass from the critical position before 
reaching the start of the solid yellow 
no-passing barrier stripe. In effect, It Is 
an advance warnIng dIstance to i!ldvl se the 
passIng drIver that the "passIng zone" w I I I 
soon term I nate i!lnd that a no-pass lng zone 
will start. 

The concept developed by Weaver and 

Woods Integrates the desirable 8ttrlbutes of 
the long and short zone concepts without the 
p r I rna ry negatIve factors of each. It pro

vides the "buffer zone" of the long zone 
concept (pass completion advance warning 
distance), but this distance Is marked as a 
legal passing distance, not 8 no-passing 
distance as It would be under the long zone 
marking concept. The beginning point of the 
solid yellow barrier stripe Is not moved up
stream appreciably; therefore, the concept 
does not mater I a I I y Increase the length of 
roadway that Is marked for no-pass 1 ng under 
current MUTCD warr8nts. Further, It devel

oped a system of terminology and distance 
elements based on operat lone I prect Ice to 
define "minimum passing sight dlstence" on 
the basis of passing safety to satisfy dri
ver Informational needs. 

Suggested Experl..ntal Traffic Control 
Devices 

The concept appeared retlonal from the 
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FIgure 1 • Suggested 0 I stance E I ements and Term I no I ogy to Def I ne 
Passing and No-Passing Zone on Two-Lane Highways 
(Contract DOT-FH-11-9164)(1) 



standpoInt of operatIon a I safety needs the 
practicality of It, however, depends on the 
capability of a system of traff lc control 

devices to Inform the passing driver -- at a 
posIt I on upstream from the start of the no
passing zona equal to the required pass com
pletion distance (I.e. at point A, Figure 1) 
-- that a no-passing zone Is being ap
proached. The traffic control system would 

need to convey three meanings: 

1. A no-passing zone Is located downstream. 

2. A driver should not~ a passing ma
neuver beyond a designated point up~ 

stream from the beginning of the no
passing barrier strip, and 

3. If a driver Is In the act of passing 
when the designated point Is reached, 
the maneuver may be safely completed and 
the driver shou I d return to the rIght 
lane as expeditiously as possible to 
avoid encroaching Into the prohibitive 

no-passing zone. 

To accomplish this, In effect the sys
tem of traff lc control devices used must 
trans I ate the I ocat I on of the begInning of 
the solid yellow line Informational source 

back upstream a dl stance that Is at least 
eq ua I to the needed pass comp I et ion d I s
tance. A series of human factors studies 
produced three candidate traffic control 
techniques to satisfy the Informational 

needs. The candidate system Included the 
follow lng: 

1. A short dotted yellow line pattern adja
cent to the centerline extending up
stream from the solid yellow barrier 
stripe tor a distance equal to the pass 

completion distance 
2. A NO-PASSING ZONE pennant sign (W14-3) 

located In accordance with the MUTCD on 
the left side of the roadway at the be
ginning of the solid yellow no-passing 
barrier stripe, and 

3. A combination of the advance dotted 
merklng system and the NO-PASSII«3 ZONE 

pennent sign. 
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SIH4ARY OF Fltl>lt«7S FROM HUMAN FACTORS 
STUDIES 

The concept of providing advance lnfor

met I on through the use of the dotted II ne 
treetment, the No-PASSING ZONE pennent sign, 

and the comb I net ion of the 'hlo treetments 
was deve I oped and eva I uated through exten
sive human fectors leboratory testing In the 

research study '-!.>. About 400 subjects par
ticipated In the studies to evaluate the ex
perimental treatments In conveying the three 

Intended meanings. 

The basic system evaluated In the human 
tectors studIes was the dotted II ne treat
ment. Other study situations provided addi
tional Information to assist the deduction 
process through the addition of signs to the 
bas I c dotted markIng system. The NO-PASS I l'¥:i 
ZONE pennant sign was one of the signs 

evaluated. All other conditions were com
pared to the basic dotted treatment to Iden
tify Improvement In correct Interpretation. 

The pertinent findings of the human 
factors studies are summarized here to form 
a bas Is of comparIson for the understandIng 

I eve Is demonstrated by surveyed drIvers who 
observed the treatments actua I I y pI aced on 
the roadway. 

Understanding of Total Meaning 

A major t I nd I ng wes that about 'hlo
thlrds of the subjects correctly Interpreted 
the edvance dotted markIng system e I one to 
convey all three Intended meanings. Eighty 
percent correct I y Interpreted that the ad

vance dotted markIng conveyed thet e drIver 
In the act of passing could legally continue 
passIng beyond the begInnIng of the dotted 
markIngs, but shou I d return before reachIng 
the no-pesslng solid stripe. Only 7 percent 
be II eved that the advance dotted merk I ngs 
represented an upstreen extension of the 
conventional no-passing zone and thet the 
passIng drIver must return before reachIng 
the dotted markings. 



•No-Pass I ng Zone Ahead. 11 The advance 
dotted markings alone (with no supplementary 
Information or driver education) Indicated 
to 68 percent of the subjects that this sys
tem meant that they were approaching a 
no-passIng zone. It was strong I y be II eved 
that the subjects correctly deduced Its In

tent because It was a longitudinal marking 

pI aced to the rl ght of the roadway center
line, a system well understood by drivers as 
I nd I cat I ng no-passIng. The dotted pattern, 
evidently different than the conventional 
broken center II ne ImmedIate I y adjacent, ap
parently conveyed "transition" to the dri

vers. 

With the addition of the NO-PASSING 
ZONE pennant sign, the percentage of sub
jects correctly Interpreting that the system 
signified a no-passing zone ahead Increased 
from 68 percent to 90 percent. 

In summary, the advance dotted marking 
system alone produced a very acceptable 
level of understanding (68 percent>, parti
cularly considering that It was completely 
innovative and naive drivers Interpreted Its 
total intent without assistance from supple
mentary signing. Addition of the pennant 
sIgn was consIdered necessary, however, to 
produce a crIterIa performance I eve I of 85 
percent or more. Addition of the sign re
duced the Interpretation "means nothing" 
from 17 percent to only 2 or 3 percent. Al
though "means nothIng" was an approprl ate 
answer s I nee no subjects had ever exper l
anced this innovative marking system,_ It was 
believed that It would exhibit one-time 
learning (as was expected with the pennant 
s lgn> because drivers could soon associate 
the repetition of dotted markings transl
tionlng into each already well understood 
solid yellow barrier stripe with "No-Passing 

Zone Ahead." 

"Do Not Begin Passing." The second in
tent of the advance treatment was correct I y 
Interpreted by 61 percent of the 
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subjects when shown on I y the dotted markIng 
s ltuation. The pennant produced a 65-per
cent understanding level of this meaning. 
Although these percentage levels represented 
a relatively good level of response, neither 
device conveyed the meaning at a desired 

85-percent level. 

-continue Passing, But Return Before Barrier 
Stripe.• The subjects generally under
stood that the dotted II nes meant somethIng 
dIfferent than the so II d ye II ow II ne. The 
solid line, not the dotted line, represented 
the place where they shou I d return to the 

rIght lane. EIghty percent be II eved that, 
If they were passing a vehicle, they could 
drive to the left of the more permissive 
dotted II nes provided they cou I d comp Jete 
the pass before reachIng the so II d II ne. 

The addition of signs did ..!!2!. Increase the 
percentage of correct responses. 

Patterns ~ Interpretations. The per
centage of subjects who selected all three 
(and .2!!..!1.. those three) correct I nterpreta

tions was about equal for the marking-only 
treatment (40 percent) and the comb I nation 
treatment (44 percent). A common pattern of 
Interpretations Included "no-passing zone 
ahead" and "continue passing, but return 
before so II d II ne", but omItted "do not 
~ passing." (51 percent tor marking
only, 66 percent tor combination>. The 
thIrd most preva I ent pattern of I nterpreta
tlons Included selection of the three cor
rect responses and the response, "must re
turn before reaching the dotted line." 

PILOT FIELD STUDIES 

I t was cone I uded that the proposed ad
vance treatment system (sign end dotted 
markings> had a high probability of being 
cos t-ett ect i ve It used natIonwide and that 
It would satisfy the driver Informational 
needs tor sate passing operations. The 
findings certainly Indicated that such a 
system would be beneficial In areas of high 
passing-accident frequency and that a 



thorough field trial of the concept was jus

tified to evaluate the benefits directly. 

In thIs regard, a subsequent contract 

was awarded by the Federal Highway Admlnls

trat I on to p II ot tIe I d test the proposed ex

per I menta I advance treatment C dotted mark-

1 ngs .!!!.2. pennant sIgn) In three States. The 

scope of the research was subsequent I y ex

panded to Include pilot field testing of the 

advance dotted markIng system a I one and the 

NQ-PASSING ZONE pennant sign alone. 

The results of the pilot field testing 

of these three experimental traffic control 

systems are documented in this report. 
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l. RESEARCH APPROACH 

GENERAL tETHOOOLOGY 

The research methodology, In general, 
consIsted of measurement and recordIng of 
trat f I c passIng operatIon a I characterIstIcs 
within the study site In the base marking 
condition ("before" treatment) and In the 
experimental condition ("after" treatment). 
Maneuver data were collected usIng a "f Joat
lng vehicle" approach In which an Instru
mented vehicle traveled throughout the study 
sIte at about fIve miles per hour less than 
the normal running speed of the traffic 
stream. Speed, time, and posIt l on a I data 

were recorded for a I I veh I c I es passIng the 
research vehicle or for all vehicles di
rect I y ahead of the resoarch veh I c I e that 
passed the vehicle ahead of them. In addl
t I on to measurement of operating character
! st i cs, a separate In house study In drIver 
understanding and opinion of the expert
menta I treatments was conducted by a staff 
member of the Texas Transportation Institute 
as a special problem for a graduate Civil 
Engineering course. The results of this 
separate study were made available to this 

research et tort to eva I uate drIver under
stand I ng and acceptance of the exper I menta I 
devl ces. Only drIvers who were observed 
passIng In the study sItes were surveyed. 
Passing accident data for the three-year 
period prior to Installation of the treet

ments and tor three years following the In
stallation wll I be complied to evaluate this 
very Important consIderation. The exper 1-
mental treatments will be maintained tor 
three years by the respective States and In
formation on accidents occurring within the 
study sites will be transmitted to the con
tractor throughout the contract period. 
S I nee the research contract w II I term I nate 
before the three-year period following 
treatment Installation, the 6CCident evalua
tion will be accomplished after the contract 
Is completed, thus the accident Investiga
tion cannot be reported herein. 
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MEASURES OF EFFECTIVENESS 

The Intent of the exper I menta I treat
ments Is to Improve safe passing operations 

by providing better driver advance lnforma
t Jon regardIng the ava II ablll ty of passIng 
distance ahead. Drivers assess passing dis
tance In a reverse fashion. They look first 
for information that a no-passing zone Is 
being approached. If no such Information Is 
received and there are no opposing vehicles, 
they convert thIs to the posItIve sense -
passIng can be attempted. In thIs manner, 
making the no-passing zone more highly vls-
1 b I e at a greater dIstance shou I d ease the 

passing maneuver task; hence passing opera
tions shou I d be smoother and safer. The 
evaluation of the effectiveness of the 
treatment Included determination of the 
following operational measures: 

1. Is there a reduction In "clipping" 
occurrence? 

2. Is there a reduction In "clipping" dis
tance? 

3. Is there a reduction In aborted passes? 
4. Is there a reduction In pass Initiation 

within the 1000-ft (305m) distance 1~
dlately prior to the no-passing zone? 

5. Is there a reduction In total passing 
distance for vehicles Initiating a pass 
within the downstream 100D-ft (305m) of 

a "passing" zone? 
6. I s there a reduct I on In the number of 

passing zones traveled through prior to 
Initiating a pass (with no opposing 
traffic)? 

7. Do drivers demonstrate a high level of 
understand! ng of the Intent of the ex
perimental treatment? 

The hypothesis for each of the above Is 
that the experimental treatment will produce 
an affirmative answer to each question and 
that the differences are statistically sig
nificant. Each measure Is considered tore
present a desirable Improvement In the exe-



cutlon of a passing maneuver, for safety or 
ease of operations. The 1000-ft (305m) dis

tance prior to the start of the no-pass lng 

zone Is consIdered to be the dIstance at 

which advance notifIcation Is necessary and 

effective, because, based on measured pass
Ing distances (~), passes within this region 

would be expected to result In completion 

beyond the start of the no-passing zone. 

STUDY SITE SELECT I ON 

Severa I Study sIte se I ect I on crIterIa 
were considered. They are summarized below. 

t. The sites must be located in three 
States geographically distributed and 
containing flat, rolling, and moun
tainous terrain. ThIs contractua I re
quirement necessitated identifying three 

States that wou I d agree to partIcIpate 

In the field studies. 
2. Approval for instal latlon of the experi

mental traffic control devices was ob
tained from the National Advisory 

Committee. 
3. Each study site would contain at least 

20 no-passing zones. 

4. Study sites would be located on two-lane 

rural highways that had good quality 
surfaces, lane widths of 12 tt (3.7ml, 

no paved shoulders, and a mixture of 

horizontal and vertical alignment con
straints tor which no-passing zones were 

marked. 
5. Each site must be one tor which accident 

data, traffic volume data, and geometric 

data could be obtained from State 

records. 
6. Only sites which would undergo no align

ment or cross-sect I on a I changes for 

three years would be selected. 

STUDY SITE LOCATIONS 

Study sites were selected In North 

Carolina, Texas and Utah-- flat, rolling, 
and mountainous respectively. The general 
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locations are Illustrated In Figure 2. 

Table 1 presents site characteristic data. 

Sites are numbered with a 1, 2, or 3 desig

nation In each State and Include a State 

Identification code (example, T-1 Identifies 

Texas site number one). The sites with a 

"1" contained the combination experimental 

treatment (advance dotted markIng and no

passing zone pennant slgnl. The no-passing 

pennant sign alone was Installed at sites 

with a "2 11 designation; those with a "3" 
designation contained the advance dotted 

marking system only. 

Study site lengths ranged from tO to 34 
m I I es (32 to 55 kml. The number of no
passing zones within a study site varied 

from a minimum of 24 to a maximum of 46. 

SITE PREPARATION 

Sevens! possible study sites that sat

Isfied the selection criteria were Identi

fied in each State through the assistance of 
State personnel In each of the three States. 

The research team Inspected all potential 

sItes and measured the beg! nn I ng and endIng 

poInts of a I I no-passIng zones In both tra

vel directions within the potential site. 

0 i stances were recorded wIth an e I ectron I c 
distance measuring instrument (OMll In

stalled In a vehicle. The Instrument, cali

brated tor a particular vehicle, measures 
distance to within an accuracy of about 5 ft 
(1.5 ml per ml le. 

The conventional markings, centerline 
and no-passing barrier stripes, were re

pa I nted on three of the nIne se I acted sItes 

where the markings were not In excellent 

condition. These sites were resurveyed to 

determine the position of all no-passing 
zones In both travel directions after re
marking. 

Each zone within a site was numbered on 
a plan sheet for reference during data col

lection. A "zone" Includes the distance 
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Figure 2. Field Study Site Locations 
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Tabla 1. Study Site Characteristics 

Nearest Number of Zones Site Length (Miles) 
Highway Site Large In Travel I Total In Each Direction I Total Site State Number Endpoints City Direction 

North Spivey's Fayette-
NC-1 Carolina us 421 Corner - vi lie S-18 N-18 36 S-14.42 N-15.08 29.5 

Clinton 
--

North us 258 Jacksonville Fayette-
NC-2 CarolIna & -Richlands ville S-12 N-12 24 S-10.40 N-10.56 20.9 

SH 24 
--

North Clinton - Fayette-
NC-3 Carolina us 421 Harre Is ville S-16 N-18 34 S-16.89 N-17.42 34.3 

Jet. SH 147 
T-1 Texas SH 103 - Jet. FM 1 LufkIn E-17 W-19 36 E- 9.06 W-11.16 20.22 
.-

Center -
T-2 Texas SH 7 Joaquin Lufkin N-23 S-23 46 N-13.01 S-12.80 25.81 

-
Pineland-

T-3 Texas FM 83 Memphi II Lufkin E-16 W-16 32 E- 9.63 w- 9.49 19.12 

Thistle-
U-1 Utah SH 6 Tucker Provo E-21 W-20 41 E-15.47 W-14.82 30.29 

·-
Thistle -

U-2 Utah JS 89 So I ndl anoia Provo N-23 S-22 45 N-14.26 S-12.63 26.89 
-

Logan -
U-3 Utah JS 89 No Garden C lty Logan W-24 E-24 48 W-16.08 E-16.95 33.03 
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from the downstream end of a no-passing zone 

to the downstream end of the next no-passing 

zone In the same travel direction. There

fore, a zone Includes the "passing" zone and 
the no-passing zone followIng it. CSee 

Figure }) 

Prior to data collection, a 2-ft (0.6 

m) strip of reflectorlzed temporary pavement 

marking tape was placed laterally across the 
roadway centerline 1000-ft (305 m) upstream 

from the begInnIng of each no-passIng zone. 
The distance was measured with a distance 

measuring wheel. A placard displaying the 

zone number In 6-lnch numerals was placed in 

the grass about ten feet from the pavement 
edge adjacent to the tape marker. The tape 

marker and the zone number were very lncon
sp I cuous to drivers trave II ng through the 

sIte, but cou I d be seen by the data co I I ac

tion team. The distance measuring device 

was rezeroed at each marker so that distance 

error was not accumulated. Each passing ma
neuver cou I d be referenced to a part I cuI ar 

no-passing zone using this referencing tech

nique. 

In add! tl on to placIng the tape marker 

at 1000 ft C305m), a small painted mark was 

pI aced on the center II no to denote the up
stream end of the advance dotted markIng 
system. This distance was 752 ft (229m) at 

the Texas sIt~ and 552 ft (168m) at the 

sites In North Carolina and Utah. The no

passing zones In Texas are marked for 7Q-mph 

(113 km/h) operations whereas they are 
marked for 55 mph (86 km/h) In Utah and 

North CarolIna; hence the shorter advance 

marking distance. The painted mark was pla
ced as a guide for Installing the experi

mental dotted marking. 

PASSING MANEUVER MEASUREMENTS 

Passing maneuver data were collected on 

every vehicle that passed the research ve

hicle within the study site, regardless of 
where the maneuver occurred with respect to 
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the no-passing zone. The techniques used to 

measure passing operational data and reduce 

the data for analysis purposes are described 
In Appendix A. Passing maneuvers were 

classified In two categories: (1) "cri

terion" maneuvers and (2) "non-criterion" 

maneuvers. Non-criterion maneuvers were 

those In which a vehicle started the passing 

maneuver In a legal passing zone and re

turned to the right lane before reaching the 
100Q-ft (305m) marker. Criterion maneuvers 

Included passes that met one or more of the 

following criteria: 

1. Completed the pass beyond the 100Q-ft 

(305m) marker, or 
2. Comp I eted the pass beyond the start of 

the so II d yel I ow no-passIng strIpe 

C "clipped"), or 
3. Initiated the passing maneuver beyond 

the lOOQ-ft (305m) marker. 

These passing maneuvers were considered 

to represent the situations to which advance 

warnIng wou I d offer InformatIon a I benet It. 
A few passing maneuvers (38 of the 2637 

tota 1, or 1.4 percent) were observed (and 

measured) In which the passing vehicle tra
veled In the left Jane completely through a 

no-passIng zone and returned to the right 
lane In the following "passing" zone. These 
maneuvers were not Included In the criterion 

data samp I e because It was cons I de red that 

even advance notification would nat Influ

ence thIs type of apparent dIsregard for 

traffic control devices. 

A minimum of 50 criterion passes were 

measured at each study site for the "before" 
markIng cond I t I on and for the experIment a I 
condition. The first five zones In each 

travel direction within a study site were 

consIdered to be traInIng zones In whIch a 
driver was given an opportunity to recognize 

that the devices were In place. Only the 
passIng maneuvers occurrIng In zones beyond 

the first five zones were Included In the 

sample. 
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The I nste I I et I on of the exper I mente I 
treatments or the Intent were not publicized 
In any way prior to date collection. The 
level of driver understanding measured In 
the laboratory studies during the conceptual 
development In the previous research study 
had been determl ned on the basis of no ad
vance driver education regarding the Intent. 
The objective of the pilot field studies was 
to obtaIn compar!lb I y non-bIased data under 
real-world operating conditions. If driver 
understanding was high without educatl_on, It 
cou I d be expected to be even hIgher after a 
public education campaign at a later date It 

desired. 

Date Collection Team 

A II data were measured by a team of 
three researchers -- a driver, a "front re
corder" and a "back recorder." To rna I nta In 

consistency In col lectlon methodology be
tween the "before" and the "after" and among 
the three States, team members practiced the 
technique together prIor to co I I ect I on of 
any data. This assured that similar data 
were collected and times and vehicle posi
tions were recorded In a consistent manner. 

For examp I e, the same drIver and front re
corder were used at the same site tor 

"before" and "after" data co I I act I on. 
Research vehicles of the same type were used 
at a given site In both study conditions. A 

senior research staff member supervised and 
participated In alI site preparation and 

data collection. 

Measured Date 

A potential pass situation was estab
lished when a subject vehicle closed 1o 
within 200 tt (61m) behind the research ve
hicle or when the lett front wheel of the 
trailing vehicle crossed the roadway center
If ne. A II t l mes measured throughout the 
passing maneuver were referenced to the time 
the trailing vehicle front left wheel 
crossed the center II ne. A I I dl stance mea-
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surements were referenced to the position of 
the research vehIcle (cumu I at lve OM I read
Ing) at that Instant. Relative position of 
both vehicles at certain critical positions 
throughout the maneuver were recorded on the 
electronic distance measuring device In the 
research vehicle. All distance measurements 
and vehicle positions throughout the maneu
ver were then referenced to the no-passIng 
zone marking through the reference markings 
pI aced on the roadway. The data that were 
measured or recorded during each passing ma
neuver are sut~~~~arized below. 

Distances. Four distances were measured 
during each passing maneuver. The situation 
In which the tral ling vehicle passed there
search vehicle Is used In Figure 4 to Illus

trate the measurements. 

The "trailing distance" is the distance 
from the rear of the research vehicle (Posi
tion 6, Figure 4) to the point where the 
passIng veh I c I e 1 s lett front whee I crosses 
the centerline as It moves to the left lane 
to begin the pass (Position 2, Figure 4). 
This distance was est I mated by the back re

corder team member and was usually about 60 
to 80 tt (18 to 24m). 

The "critical distance" Is the distance 
trave I ed by the passIng veh I c I e between po
sitions 2 and 3, Figure 4. During this 
time, the research vehicle traveled from po
sition 6 to position 7, Figure 4. The "cri
tical position" occurred when the passing 
vehicle In the lett lane was abreast of the 
research vehicle In the right lane, front 
bumpers being adjacent. At this point, a 

DMI reading was recorded; thus the distance 
traveled at constant speed by the research 
vehicle from position 6 to position 7 was 

determined. 

The "total passing distance" Is the 
lett lane occupancy distance of the passing 

vehicle from position 2 to position 4, 
F lgure 4. The posIt I on where the passIng 
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vehicle's left rear tire crosses the roadway 
centerline on the return maneuver determines 
the end point of this distance. During the 

time that the passing vehicle travels from 
posItion 3 to posIt I on 4, the research ve

hIcle trave Is at constant speed from pos 1-
tlon 7 to position s. The front recorder 

team member "marked" the return position 

(usually a position on a roadway centerline 

stripe) and when the research vehicle had 

reached that point (position 10, Figure 4), 
a DMI reading was recorded. Thus, the road
way distance from position 6 to position 10 
(also position 4 for the passing vehicle) 

was determined. The total passing distance 

(position 2 to position 4) was the sum of 

this distance and the trailing distance. 

A "closeout distance" was measured to 
reference all vehicle positions to a known 
on-site reference position. The DMI gener

ally was rezeroed at a 1000-ft C305m) tape 

marker prior to pass initiation; hence all 
recorded distances were referenced to thIs 

known position. in some maneuvers, the DMI 
was zeroed as the passing veh i c I e crossed 
the centerline (position 2, Figure 4); 
therefore, a closeout measurement was taken 

at another known downstream pol nt, usua I I y 
the next tape marker or the start of the 

solid yellow I ine. Zeroing the DMI at pass 
Initiation was considered to be more accu

rate when the maneuver started near the 

downstream end of a long passing zone. 

Close out distance measurements were made In 
practically alI maneuvers to assure that the 

maneuver could be referenced to the no

passing zone; the distance acting as a po
sition calculation check with the beginning 

zero reading. 

.!.!..!!!• Three times were measured through
out each maneuver using two split cumulative 
electronic stop-watches (0.01 second accu
racy>. All time measurements began when the 

passing vehicle reached position 2, figure 

4. 
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The "critical time" was the time inter
val In which the passing vehicle traveled 
from posIt ion 2 to the 11crl tlca I posIt ion" 

(position 3, Figure 4). 

The "total time" was the time interval 

during which the passing vehicle was oc
cupying the lett lane (position 2 to posi

tion 4, Figure 4>. 

The "opposing time" was used to esti
mate the dIstance to an opposIng vehicle 
when the pass was Initiated (passing vehicle 
at position 2, opposing vehicle at position 

11 , F lgure 4). The cumu I at I ve stop-watch 

readIng was recorded when the opposIng ve
hicle and the research vehicle were abreast 
(positions 12 and 9 respectively, Figure 4). 
The distance traveled by the research ve
hicle at constant speed for a known time 
cou I d be computed. Assuming that the op

posIng veh I c I e was trave I I ng at the posted 
speed, the distance to the opposing vehicle 
from the point of pass initiation could be 

estimated. in addition, the opposing ve
hicle distance was estimated by the front 

recorder team member usIng known reference 

markIngs such as the begInnIng of the so I I d 

stripe ahead or the position of the vehicle 

within the highly visible advance dotted 

markIng sy stern If It was an "at ter 11 data 

collection process. These estimated dis
tances were used as a check for estImatIng 

the opposing vehicle distance calculations. 

Measured times and distances were used 

to compute average passIng vehicle speeds 
throughout the various distance elements of 

the passing maneuvers. 

Vehicle Data. Certain vehicle descrtp-
t I ve data were recorded to document each 

subject vehicle for future evaluation of 
operating performance by such factors as 

vehicle type (passenger car, pickup, bus, 

etc.), vehicle size (small car, medium car, 

semi-trailer truck, motorhome, etc.>. Ve
h 1 c I e II cense pI ate data were recorded from 



which engine size could be obtained from ve

hicle records If this was to be used In ve
hicle performance evaluation. Each subject 

passIng vehIcle was desIgnated by a un 1 que 
number regardless of whether It passed or 

not. A vehicle was considered to be a po
tent Ia I pass 1 ng subject veh I c I e when It ap

proached within 200 ft C61m) of a lead ve

hicle (either the research vehicle, or a ve
hicle ahead of It). Once a vehicle was con
s I de red to be a subject, It was monItored 

until It passed, turned ott the study site 

roadway, or until It was definitely evident 
that the driver did not intend to pass 

(trailed through at least ten "passing" 
zones yet no opposing traffic was visible). 

DRIVER Uli>ERSTAND I t«3 STUDIES 

One of the primary requisites of a 
traffic control device Is that drivers un
derstand Its Intent. A I though operatlona I 

performance provides an Indirect measure of 
demonstrated understanding, the true measure 

can be obtained best by direct communication 
wIth drivers who observe the devIce In a 

real-world roadway environment. Extensive 

driver understanding human factors studies 

were conducted in the previous developmental 

study (Contract DOT-FH-11-9164). The do~ted 

line pattern and NO-PASSING ZONE pennant 

combination treatment exhibited a high level 

of understandIng of the Intent of the ad
vance treatment tor no-pass 1 ng zones. A!

though not spec 1 f I ca I I y req u I red In the p 1-

lot field testing research effort, It was 

be I i eved that a demonstrated understandIng 

and expression of opinion of the experlmen
ta I devices wou 1 d provIde an 1 mportant In
gred 1 ent 1 n eva I uatl ng the teas 1 billty of 

the treatments. A separate study to eccom
pI ish this wes conducted by D .R. Hatcher, e 
staff member of the Texas Trensportation In

stitute, es a special problem for a Clvi I 
Engineering course at Texas A&M University. 

The special problem was conducted under the 

supervision of D. L. Woods who was actively 
Involved In the research project; therefore 
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the experimental design could be tailored to 

produce data that would be applicable to the 

research herein and the results could be 
made available. The separate study Is de
scrIbed brIef I y herein and pertinent parts 

are Included In Appendices B, C, D, and E. 

Driver Surveys 

Three Individual, but related, surveys 

were deve I oped -- one each for drIvers ob

served passIng In each of the three study 
sites within the three States. The surveys 

are contained In Appendix C (combination 
treatment), Appendix D (NO-PASSING ZONE pen
nant sign only), and Appendix E Cedvance 

dotted line only). A total of 561 surveys 

were sent out to drIvers who were observed 
passing In the three States. Vehicle I i

cense plate Information recorded during all 

passIng maneuver measurements was used to 

obtain driver addresses. Surveys were sent 
to a II addresses except those of renta I car 
agencIes or those for whIch an address was 
not yet on file (example: a new automobile 

with registration In process; hence not on 

motor vehicle registration file yet), or 

those addresses Indicating commercial equip

ment C examp I e: buses, tra II er II censes of 

semi-trailer trucks etc.>. Some surveys 

were returned postmarked "undeliverable", 

and a few surveys were returned uncompleted. 
The distribution and return rate are summa

rized in Teble 2. 

Survey ForMt 

The survey was developed to determine 

what meanings drivers ascribed to the exper
Imental devices. Closed form questions were 
asked (multiple choice) end where possible, 
drivers were asked to renk numerically how 

strongly they agreed or disagreed with 

statements regardIng the usefu I ness of the 

devices In assisting them In executing pass
Ing maneuvers under various circumstances. 

All questions Included space for open-ended 

comment by a subject to Insert other mean-



Table 2. Driver Survey Distribution 

Number of Surveys 
Effective 

Site Returned Returned Response 

Mal led Undeliverable Blank Answered <%> 

NC-1 76 4 3 27 39 

NC-2 56 1 2 14 26 

NC-3 77 3 3 27 38 

T-1 67 7 1 14 24 

T-2 (day) 48 2 1 8 23 

T-2 (night) 20 1 1 5 28 

T-3 (day) 52 2 1 13 27 

T-3 (night) 33 2 3 4 14 

U-1 47 5 1 15 37 

U-2 59 7 0 15 29 

U-3 36 5 1 17 51 

TOTALS 

Day 508 36 13 150 33 

Night 53 3 4 9 20 

ALL 561 39 17 159 31 
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comment by a subject to Insert other mean
Ings If desired or to write additional com

ments or suggestions. 

The first three questions were Identi
cal In all three surveys. They were used as 
"control" questions to determine If the re
spondIng subject understood the meanIng of 
the conventional sol ld no-passing zone 
stripe and If they understood the legal In
tent with respect to "clipping" or "Jumping" 
(beginning a pass over the solid yellow 
line). Thereafter, the questions pertained 
to understanding or opinion of the particu
lar experimental treatment. 

The survey was deve I oped to determl ne 
how well the subject understood the Intended 
meanIngs of the advance treatment and a I so 
what other meanings they ascribed to the de

vices. The three Intended meanings 
Included: 

1. A no-passing zone Is coming up ahead, 
2. A passing maneuver should not be ~ 

t I a ted beyond a certaIn poI nt near the 

downstream end of a "passing" zone, and 
3. If a driver is In the act of passing 

near the downstream end of the "passing" 
zone, the maneuver shou I d be completed 

expeditiously to avoid "clipping." 

In addition to evaluating how wei I dri
vers perceived the Intended meanings, It Is 
also Important to ascertain If they believed 

the dotted section to be a no-passing zone. 
DId they rea II ze that it represented a pass 
completion distance; hence It differed from 
the so II d ye I I ow no-passIng zone? Did they 
recognIze that the dotted treatment a I ways 
preceded the solid line or that the NO-PASS
ING ZONE pennant sIgn was pI aced at the be
g! nn I ng of the sol I d yellow II ne? How 

quickly did they recognize that a unique 
treatment was lnsta lied at every no-passIng 
zone? How soon did they deduce Its meaning? 
Under what condItions (geometrl c, 

operatIon a I, and envIron menta I) wou I d the. 
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devlce(s) be helpful? How strongly did dri
vers believe that the devlce(s) should be 

Installed by the State Department of Trans
portation? 

Subjects were asked to rate their re

s ponses on a sea I e from "tot a I I y dIsagree" 
to "totally agree" (scale of 1 to 13) so 
that opinions could be evaluated objec

tively. 

DRIVER UM>ERSTA)I)I~ DATA REDlCTION 

A I I survey answers were assIgned a nu
mer I ca I code so that a I I answers cou I d be 
IdentIfIed usIng computerized sortIng tech
niques. In this way, the answer to any 

question a survey could be compared to any 
other related question from another survey. 
For example, the number of subjects recog
n I z I ng that the devIce ( s) meant that they 
were approachIng a no-passIng zone cou I d be 

compared among those who trave I ed through 
any one of the three ex per I menta I treat

ments. The degree to which either the sign 
or the dotted markIng conveyed thIs meanIng 
could be determined Individually as well as 
co I I actIve I y for those seeIng the comb I na
tion treatment. "Correct" responses are 

marked wIth an "X" In each survey (Appen
dices B, C, D, and E>. The driver responses 
and the ana I yses of the responses are pre
sented In Appendix F. The findings are dis
cussed In Chapter 4. 



4. Flti>IN3S 

INTRODUCTION 

ThIs chapter presents a summary of the 
findIngs froa~ the ane I ys Is of passIng mane
uver measurements and from the driver survey 
responses. Statistical analyses of passing 
performance data are documanted In Appendix 
G. The surveys, driver responses, and 
analyses of the driver survey responses are 
documented In Appendices A through F of this 
report. 

FIll> I N3S-PASS I tG PERFORMANCE MEASUREMENTS 

Analyses of variance CANOVA) were con
ducted to Identify any passing operation a I 
effects among States (terrain environment) 
and treatments on each of the performance 
measures. On I y one performance measure ex
hibited a statistically significant effect 
on passing performance--altering clipping 
distance. Although definitive trends towerd 
modified pesslng behavior were apparent In 
most measures, the effects were not statis
tically significant. As mentioned pre
viously, the .desired effect of the treat
ment ( s) was to produce a reduct I on In each 
of the operatIon a I measures of ef teet I ve
ness, preferably a statltlcally significant 
reduction, even though the studies repre
sented ..e.!..!£! tests to Invest I gate teas I b 1-
llty of the treatments. 

The findings with respect to the effect 
of the Individual treetments on the measures 
are summarized In Tables 3 through 7. 
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Table 3. Effect of Treatments on Cl lpplng 
0 I stance* 

Treatment 

State Comb I nat I on Pennant Marking 

North 
Carolina Decrease Increase Decrease 

Texas Decrease Increase Increase 

Utah Increase Increase Increase 

*Statistically significant 

Table 4. Effect of Treatments on Clipping 
Frequency 

Treatment 

State Combination Pennant Marking 

North 
Carolina Decrease Decrease Decrease 

Texas Decrease Increase Decrease 

Utah Decrease Decrease Increase 



Table 5. Effect of Treatments on Number of 
Passes Initiated Within 1000 ft of 
the No-Passing Zone 

Treatment 

State Combination Pennant Marking 

North 
Carolina Decrease Decrease Decrease 

Texas Decrease Decrease Decrease 

Utah Decrease Increase Decrease 

Table 6. Effect of Treatments on Total 
Passing Distance of Vehicles 
Initiating a Pass Within 1000 ft 
of the No-Passing Zone 

Treatment 

State Combination Pennant Marking 

North 
Carolina Decrease Increase Decrease 

Texas Decrease Increase Decrease 

UTah Decrease Increase Increase 

25 

Table 7. Effect of Treatments on The Number 
of 11Passing" Zones Through Which 
Vehicles Trailed Prior To 
IniTiating a Pass 

Treatment 

State Combination Pennant Marking 

North 
Carolina Decrease Increase Decrease 

Texas Decrease Increase Increase 

UTah Decrease Decrease Decrease 

Of The 2637 Total passing maneuvers measured 
during the study, only 35 Involved aborted 
passes ( 1.3 percent). These data were Too 
sma I I To warrant s-tatIst I ca I ana I yses; 
therefore, This measure of effectiveness 
could not be evaluated. 

From statIst I ca I t-ana I yses, s-tat I s"t i
ca I I y sIgn If I cnt dIfferences were observed 
beTween four siTuations containing The ex
perimental Treatments. The "!"-analyses were 
conducted to Identity differences between 
treatments with a given State (terrain) and 
between States for a gl ven Treatment. 
Statistically differences were found for 
four comparisons with respect to clipping 
distance: 

NC-1 (Comb I nat I on) vs. NC-2 (Pennant) 
NC-1 (Comb I nat I on) vs. U-1 (Combination) 
NC-3 (Marking) vs. U-3 (Marking) 
T-2 (Pennant) vs. T-3 (Marking) 

Two findings from the t-analyses are slgnl-
flcant: 

I • Both treatments contaIn I ng the dotted 
marking system produced a significantly 



shorter clipping distance than did the 
pennant a I one. 

2. Both treatments containing the dotted 
marking produced significantly shorter 
clipping distances In tho flat terrain 
env I ronmen1' (North Caro II na > than In the 
mountainous terrain. 

In addition to the statistically sign I
f !cant effects mentioned above, several In
fluencing trends can be Identified from 
Tables 8 through 10: 

1. The combination treatment exhibited a 
decrease In all measures for alI terrain 
types with only one exception--clipping 
distance In mountainous terrain. 

2. In general, the combination treatment 
and the marking-alone treatment exhi
bited the desired reduction In most of 
the measures more so than merely the 
pennant alone. 

3. The pennant-alone treatment exhibited an 
Increase In 10 of the 15 treatment/ ter
rain situations. 

4. The comb I nat I on treatment and the mark
Ing-alone treatment exhibited clipping 
distances that were at least 100 ft 
(30 m) shorter than those observed wIth 
the pennant-a I one treatment, ·and In 
three cases the c I I pp I ng dIstance was 
150 ft (46 m) shorter. These reductions 
were evident In the flat and rolling 
terrain environments only; the moun
tainous terrain sites did not reflect 
this reduction. 

26 

Table B. Effect of NO-PASSING ZONE Pennant 
On Passing Performance Measures 

Operational North 
Measure Carolina Texas Utah 

Cllppln!J 
Distance Increase Increase lncreese 

Clipping 
Frequency Decrease Increase Decrease 

Number of 
Passes Decrease Decrease Increase 
Initiated 
Total 
Passing Increase Increase Increase 
Distance 
Number of 
Zones Increase Increase Decrease 
Trailed 
Throuqh 

With the pennant-only treatment, 5 measures 
Indicated a decrease, 10 Indicated an In
crease. 

Table 9. Effect of Dotted Marking Treatment 
On Passing Performance Measures 

Operational North 
Measure Carolina Texas Utah 
Clipping 
Distance Decrease Increase Increase 

Cl lpplng 
Frequency Decrease Decrease Increase 

Number of 
Passes Decrease Decrease Decrease 
Initiated 
Total 
Passing Decrease Decrease Increase 
Distance 
Number of 
Zones Decrease Increase Decrease 
Trailed 
Throuqh 



With the marking-only treatment, ~ decrease 
In 10 operational measures was Indicated. 
Only 5 me~sures Indicated an lncre~se. 

Table 10. Effect of Combination Tre~tment 
On Passing Performance Measures 

Operational North 
Measure c~roll na Texas Utah 

Clipping 
Distance Decrease Decrease Increase 

Cl ipplng 
Frequency Decrease Decrease Decrease 

Number of 
Passes Decrease Decrease Decrease 

Initiated 
Total 
PassIng Decrease Decrease Decrease 

Distance 
Number of 
Zones Decrease Decrease Decrease 

Tral led 
Throuqh 

With the comb I nat I on treatment, a decrease 
was Indicated for all operational measures 

except one. 

Night Studies 

Night passIng maneuvers were measured 
at Texas sites T-2 (pennant ~lone) and T-3 

(dotted marking alone). 

Clipping frequency was the only measure 
exhibiting a statistically significant dif
ference when comp~rlng d~y/nlght versus 
"before"/"~fter" using ANOVA ~nalysls. This 
analysts Indicated that there was some dif
ference between the "before" condition 
(MUTCO marklngsl and the "after" condition 
(pennant) and some dl fference between day 

and nIght effects; however, ANOVA ana I ys Is 
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does not Identify the reason for the differ
ences, It merely Indicates that some statis
tically significant difference exists. 
Chi-Square statistical analyses were then 

conducted to compare day versus nIght opera

tIons and sIte treatments for the "before" 

and for the "after" conditions. The Chi
Square ana I ys Is IndIcated a I so that there 
were dIfferences between day and nIght or 
between treatments In both the "before" end 

the "after" condition. Hence, Chi-Square 

ane I yses were conducted to compere day ver
sus night and treatments (pennant versus 

dotted markIng) for both "before" and 
"after" conditions. This analysts would In
dicate If the difference was releted to day 
versus n lght end/or sIte treatment for both 

"before" and "after". The findings are sum
marized: 

1. Drivers pass differently at night than 
In the daytime when the roadway Is 

marked conventionally. The clipping 
frequency Increases at night (In some 
cases as much as 50 percent). 

2. C II pp I ng frequency was lower for the 
dotted marking <site T-3) than for the 
pennant (site T-2) during the day end 

for nighttime passes. 

Although not stetistlcal ly significant, 
other trends were apparent from the nIght
time studies. 

t. Clipping distance both day and night was 
appreciably less for the dotted marking 
treatment than for the pennant elone. 

2. In generel, nighttime passing exhibits 
an Increase In clipping dlstence, cl lp
P lng frequency, and total passing dis
tance. Neg I I gl b le dIfferences were ob
served for the number of passes In
ltlated In the last 1000 ft <305 ml of 
the "passing" zone and for the number of 
passing zones through which the vehicles 
tral led before passing. 



SIH4AAY OF TREATMENT EFFECTS 

Based on the eva I uat I on of the II m I ted 
number of passing operational measurements 
In these pilot field tests, several con

clusions are drawn: 

1. The dotted markIng Is a very Important 
element of the conceptual advance treat
ment system In achieving the desirable 

operational effects. 

2. The marking elicits the desired opera
tional response better than the pennant 
alone; however, the combination of the 
two devices Is more effective than 

either device alone. 

3. The treatment(s) appear to be more 
effectIve In the fIat and ro I II ng ter
rain environment than In the mountainous 

environment. 

4. With the exception of the mountainous 
terrain, the combination treatment exhi
bited no negative effects on any of the 
measures of effectIveness; a I I trends 
were toward posltlve·effects (I.e., de

crease in measures). NeIther devIce 
alone produced this effect. 

F llfJ I NGS-F I ELD STUDY M I YER SURVEYS 

The findings from the driver surveys 

are summarized here from Appendix F. 

Demonstrated Understanding 

The percentage of drivers who demon
strated ~ understanding of the marking 
treatments was less In the field studies 
than In the laboratory studies. (24 percent 
versus about 40 percent). These drivers re
sponded correctly to only those responses 
that were defined as being "correct". They 
did not check any other responses as being 
correct. The subjects who were Interpreting 

the meaning under a passing situation demon-
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strated about a three fold understanding 
level above the non-passing drivers (those 
who were driving through the study site but 
did not execute a pass>. 

The most common misinterpretation of 

the pennant s lgn was that drIvers be II eved 
they shou I d not begIn a pass beyond the 
poI nt where they cou I d .!.!.!:!!. ..!!!. the s lgn. 
Although this produces a safety margin, It 
does reduce the length of safe passing 
opportunity along the roadway. The pennant 
can be seen for about 1200 feet (366 m) 
whereas only about 750 feet (229 m) Is 
needed to safely complete a high-speed pass 
from the critical position. 

The most common misinterpretation of 
the dotted marking was that subjects be

l I eved that they shou I d return to the right 
I ane before reachIng the start of the mark
Ing system. This was Interpreted as meaning 
that they be I I eved It to be an upstream ex
tens I on of the no-passIng zone. S I nee the 

dotted marking Is totally unique, having 
never been used in this country, It is 
understandable that It might be confused 
with a no-passing zone. It Is placed on the 
rIght sIde of the center II ne where a 
no-passIng zone strIpe wou I d be expected. 
At long low- angle visibility dlstences, It 
appears to be a faint solid line; when ap
proached It becomes very evident that It Is 

a broken line pattern. The concept that a 

broken line Is permissive apparently did not 
overshadow the fact that It was a line 

p I aced to the right of the center II ne to 

these subjects -- the prImary aspect of a 
conventional no-passing zone stripe. It Is 
evident that education would be necessary to 
explain the subtle differences between 
placement and pattern. 

More than ha If the subjects observIng 
the combination treatment (55 percent) re
cogn I zed that the pennant s lgn des lgnated 
the beginning of the no-passing zone. Of 

those subjects In the pennant-only study 



study sItes, 54 percent recogn f zed th f s fea
ture. Only 18 percent of the combination 

treatment subjects recognized that the 
no-passing zone started Immediately at the 
tar end of the dotted marking treatment. 
ThIs percentage Increased to 30 percent for 
those subjects who traveled through the mark

Ing-only study site. 

Both the pennant and the marking alone 
conveyed the des I red meanIng "approachIng a 
no-passing zone," about equally; however, the 
combination treatment produced a higher level 
of understanding of this meaning (marking 
only, 47 percent; pennant only, 50 percent; 
and combination, 61 percent). 

No subject drIvers were presented ad
vance Information regarding the presence or 
the meanIng of the exper l menta f treatments. 
Therefore, demonstrated understanding was de
duced by the dr f vers. Even at thIs, drIver 
understanding levels of the primary meanfng-
"approach l ng a no-passIng zone"--were hIgh f y 
favorable In that at feast half of the naive 
drivers recognized this. It would be ex
pected that this level of understanding would 
be Increased through education and further 

exposure. 

Driver Opinion Ratings 

Subjects were asked to rate (rank) the 

degree to which they agreed or disagreed with 
statements In the survey. The rating techni
que permits numerical analysis of a subjec
tive opinion. The rating scale was linear 
with five categories between "totally dis
agree" and "tota I I y agree". The numer I ca I 
va I ues from 1 to 1 3 were assIgned to the 
categorIes for ana I ys Is purposes--no codes 
were shown on the surveys. RatIng va I ues 
were: 

1. TotallyDisagree 
3. Strongly Disagree 

s. Moderately Disagree 
7. Undecided 

29 

9. Moderately Agree 
I 1. Strongly Agree 
13. Totally Agree 

The subject was asked to pI ace an "X" on 
the rat I ng-sca I e II ne besIde each statement 
to Indicate how well ho (she) agreed or dis

agreed with the statement. The "X" could be 
placed anywhere along the line--on a numbered 

"tick mark" or between "tick marks". There
tore, the mid-point of each category was 
assigned a numerical rank to achieve greater 
accuracy In calculations. 

Evaluation of Solid Yellow Line 

Surveyed drIvers dId not rate the so II d 
yellow line highly In terms of adequately 
supplying their Informational needs. Almost 
one-third of the subjects were within the 

"Tota II y Disagree" to "Undecl ded" range of 
opinion, with 24 percent being In the "Mode
rately to Total fy Disagree" ranking category. 
About 55 percent of the subjects at best only 
"Moderately Agreed" that It was adequate. 

Ass I stance of Experl•nta I Treet.ent In 
Passing Situations 

Drivers were asked to rate how wei I they 
thought each treatment wou I d assIst passIng 
under fourteen specific geometric or opera
tional conditions. 

The markIng treatment and 'the pennant 
a I one receIved hIgher average ratIngs than 
'the combInation treatmenT for provIdIng 
assistance In the passing situations. The 
marking alone and the pennanT alone received 
equal ratings for "passing a truck" (10.4 
rating>. The marking alone received the 
highest rating for "night" (11.0 rating), 
"fog" (10.3 rating), "right curve" (10.5 
rating), and "left curve" (10.0 re'tlng. The 
pennant at one recel ved the highest ratIngs
for 'the remaining nine situations: 

I. passing one car (9.5 rating), 



2. passing mora than one car (10.5 rating), 

3. daytime passing (10.2 rating>, 
4. passing at dusk or dawn (10.5 rating>, 
5. passing In rain (10.6 rating>, 

6. passing In snow (10.6 rating>, 
7. sun glare (9.7 rating), 
a. approaching hill (10.3 rating>, and 

9. hidden dip (10.1 rating}. 

Recognition of Treatments 

Drivers Indicated a high rating (10.3 
rating) for capability of recognizing 
rapId I y that there was a d If terence between 
the dotted II ne pattern and· a convent I on a I 

centerline pattern. The exact meaning was 
not totally clear to them, but after observ-
1 ng It at each successIve no-passIng zone, 
It soon became apparent that It was not 

mere I y a "paIntIng error" accordIng to the 
drIver comments. 

After Initial education through seeing 
several pennants, drivers stated that subse
quent pennant signs were easily recognize

able long before they were close enough to 
read the legend (10.7 rating>. The unique 
shape, and left-side placement apparently 
contrIbute s lgn It I cant I y to target va I ue and 
recognItion. The fact that the sign can be 
recognized at the considerable visibility 
distance Is a positive attribute because this 
feature, coupled with a high level of under
standing, transfers the start of the no-pass

Ing zone Information source at least 1200 ft 
(366 m) upstream, If the sign Is seen. 

Driver Opinion Regarding Installation of 

Devices 

Surveyed drivers Indicated a highly 
ranked opInIon In favor of I nsta I II ng the 

experimental treatments. 

Drivers who observed the coabfnatlon 
treatment were asked to rate theIr opInIon 

regarding Installation of the marking alone, 
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the pennant alone, and the combination 
treatment. The ratings were 6.3, 6.4, i!lnd 
9.8 respectively Indicating a 50 percent In
creased preference tor the comb I nat In treat

ment over each component. It Is Important to 
note, however, that those drIvers who ob
served .2!!.11. one of the Individual treatments 
rated the Individual device almost as highly 
as the comb I nation treatment subjects rated 
the combination treatment (9.4 pennant-only, 
9.4 marking-only, 9.8 combination). These 
ratIngs are wIthIn the "Moderate I y to 
Strongly Agree" rating category. 

SUM4ARY OF fiii>IN3S FROM DRIVER SURVEYS 

The salient findings are summarized. 

I. The No-PASSING ZONE pennant IIDre clearly 

def I ned the precIse begInnIng of the no
passing zone than did the dotted marking 

alone. 

2. Both Individual treatments convey very 

we II that a no-passIng zone Is beIng 
approached. 

3. Both Individual treatments convey the 
meanIng thet a pass shou I d not be In
ltlated. The pennant, although not de
sIgnatIng a precIse poInt on the roadway 
beyond whIch the pass shou I d not be In
ltlated, epparently conveys this Indi
rectly. Drivers believed thet they 

s hou I d not begIn a pess beyond the poInt 
where they could first see the pennant. A 
s I zeab I e percentege be I I eved thIs of the 

merklng alone also. The visibility dis
tance of the pennant Is about 1200 ft 
(366m). The dotted marking ~tends 

750 ft (229 m) upstream and ~hlblts a 
visibility distance (on level roadway) of 
about 400 ft (122 m). Therefore If dri
vers be II eve that they shou I d not begIn a 
pass beyond the "first sight" position, 
the pennant and the dotted marking differ 
only by about 50ft (15m). 



4. After Initial education through viewing 
the pennant, drIvers stated that they 
could clearly recognize subsequent pen

nants at distances greater than the 

legibility distance--the unique shape 
and placement provided the needed Infor

mation without the neod for mossage 

reading. 

5. The pennant alone and the dotted mark

Ings alone received about equal ratings 
for Installation when viewed either 

sIng I y or as the comb I nat l on treatment; 

however, the comb I nat l on treatment re

ceived a 50 percent higher rating then 
eIther component a I one by those dr l vers 
who observed the full complement of 

devices. 
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5. APPRAISAL OF RESULTS 

BAS I S OF II'PRA I SAL 

The pilot field studies were conducted 
to evaluate, In a real-world environment, a 
conceptual system of traffic control devices 
that had been shown through human factors 
and econoalc studies to exhibit desirable 
features In providing advance notification 
of upcoming no-passing zones on rural two
lane highways. Tho observed effects of the 
experimental treatments on passing perfor
mance and drIver understandIng (Chapter 4) 
ere Interpreted here! n with respect to the 
teas I bIll ty of the treatments In ech I ev I ng 
safer passing operations. In this respect, 
negative aspects that cou I d create safety 
problems in passing operations are Identi
fied as well as the positive attributes and 
the associated benefits to safety. 

~ASSitS ZONE Pennant Sign 

The NO-PASSING ZONE pennant sign Is 
currently used either Statewide or at se
lected no-passing zone locations by about 70 
percent of the States. Its unique shape and 
left-side placement offer very desirable 

target value and recognition qualities. On 
the basis of the driver understanding 
studies In this research, It performs very 
satisfactorily as a highly visible device to 
designate the beginning of a no-passing zone 
In most environmental conditions. Limited 
nighttime studies Indicated that It Is 
highly visible at night end that drivers 
inItIating a pass were prone to abort the 
maneuver when seeing the reflective sign 
downstream after moving to the left lane. 

The pennant sign was not found to re
duce "cl lpplng" (completing the pass In the 
no-passing zone); conversely It exhibited 
an Increased "clipping" occurrence at all 
three study sites. This might be attributed 
to the primary weakness of the pennant sign 

--driver Inability to accurately judge dis-
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tance and execute a maneuver within that 
distance at high speeds under complex driv

Ing task situations. 

Although tho pennant does Identify tho 

beginning of the no-passing zone wei I (high 
target value), It does not clearly delineate 
a pol nt on the roadway upstream beyond wh lch 
a driver should not Initiate a pass. This 
point nlJSt be judged by the driver. In In
c 1 ement weather such as raIn, snow or fog 
which mask the visibility characteristics, 
the distance judgment capability Is further 
degraded. Conversely, the pennant sign per
forms admirably when the roadway surface Is 
obliterated by snow or ponded wester, and Is 
not as susceptible to visibility degradation 
ess painted marking erosion from traffic. 

The pennant sign received high opinion 

ratings ess a device to provide Information 
that would assist in passing under a variety 
of se I ectad geometrIc, operatIon a I , and en

vlronmentesl situations. 

The pennant sign wess found to elicit 
desired passing operations more favorably In 

f lest-to-rolling terrain than In severe 
mountainous terrain. This Indicates that 
traffic control devices are a more Important 
Information source to drivers when the road
way geometry does not Immediately provide 
the necessary vI sua I cues than when a II gn
ment makes It easily recognizable that pass
Ing Is unsafe. Drivers were observed to 
execute a passing maneuver very aggressively 
In the mountainous study sites, probably be
cause they were offered relatively short 
passing opportunities at Infrequent Inter
vals. It Is understandable that drivers, 
familiar with these constraints, would 
accept passing opportunities with greater 
risk factors since It would be the only 
opportunity for several miles. It Is be

lieved that drIvers In thIs terraIn accept 
passing opportunities on primarily on 



the criterion of no visible approaching ve

hicle; hence, use of additional traffic con
trol devices at these locations may not be 
necessary for other than rna I nta In I ng demar
cation uniformity (legal purposes). The 
presence of a no-passing zono downstream Is 

clearly deslgndted by the severe terrain 

sIght restrIctIons. 

In summary, the pennant sign alone 

offers sever a I des I rab I e features wl th re
spect to signifying the presence of a 
no-passIng zone. It Is a centro I devIce 
that Is superior to the solid yellow line 
alone In providing advance notification of 
the no-passing zone; however, it did not 
signIfIcant 1 y reduce undes i rab I e passIng 

performance measures. 

Dotted Marklns Treat.ent 

The advance dotted treatment, a unIque 
device to all drivers who traveled through 
the study sites, was shown to convey the 
primary meaning-- "Approaching a no-passing 
zona" -- quite well. It received an equal 
ratIng wIth the pennant sIgn regardIng dr i
vers' opinion that It should be Installed 
(both ratings were 9.8 on a 1-to-13 opinion 

scale). 

The dotted line treatment understanding 
I eve I of the three Intended meanIngs, a!
though not unsatisfactory since It Is total

ly unique, appears to need additional driver 
education In one aspect. Drivers apparently 

d I d not read I I y as soc I ate the broken II ne 
pattern with "permissive movement". They 
quickly recognized that It was different 
than a conventional centerline marking pat
tern; however, about 30 percent of the sur
veyed subjects thought that they must ~ 
pI ete theIr pass before reachIng the dotted 
section. This would Inter that they are 
placing greater emphasis on the placement of 
the dotted line (to the right of the center
line) and associating this with their past 
experience with no-passing zone markings 
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whIch are the on I y markIngs adjacent to the 
center II ne. It Is be II eved, however, that 
driver education would materially Improve 
the understanding level. 

The dotted treatment was rated hIgh I y 

by drivers as a device to provide necessary 

advance Information at night zmd for hori
zontal alignment no-passing zone estab-

11 shment. 

The dotted treatment overcomes the pri
mary deficiency of the pennant sign. The 
marking physically designates the length of 
roadway upstream for the start of the no
passing zone In which passing should not be 
Initiated; It therefore alleviates the need 
to estimate remaining distance to the no

passing zone. Also, It can be used success
tully where the start of the no-passing zone 
Is located slightly beyond the point of hor-
1 zonta I curvature where the pennant Is ob
scured by trees. Several no-passing zones 
In the nine field sites began In long curves 
and on barn-roof crest vertical curves. 
Thus, the beginning of the zone was not ap
parent to an approaching driver. At many of 
these sites, the pennant was not visible be

cause visibility was blocked by trees. or by 
the first shallow vertical curve. The dot
ted treatment extended back to the tangent 

section and was highly visible. 

The dotted markIng a I one affected the 

passing performance considerably better than 
the pennant alone; thus, It Is believed to 

be a very Important element of the concep
tua I advance treatment system. It does, 
however, exhibit one negative feature--being 
completely unique, additional exposure and 
education Is considered necessary before Its 
full meaning will be understood by most dri

vers. The dotted marking alone, like the 
_pennant alone, did not totally produce the 
desired reduction In operational measures; 
however, It appreciably Improved the perfor

mance above the solid yellow line mark! ng 
system and the pennant. 



Combination of Pennant end Dotted Line 

Treatment 

The combination treatment (dotted ~rk

lng and pennant) produced almost total de

sired oftect on ;,J I performance measures-

reduction In all situations. Clipping dis

tance In the mountaInous terraIn was the 

only exception. 

The comb I nat I on treatment Incorporates 
the favorable aspects of both markIngs and 

signs. Each component compliments the other 

to Oiercome the Individual deficiencies In 
all environmental conditions. The sign Is 

highly visible (under rost geometric situa
tions) when the pavement Is obscured. The 

marking Is visible when the sign Is ob

scured. In addition, the marking specifl

ca I I y i dent if I es a point on the roadway and 
a length of roadway to the no-passIng zone 

which overcomes Inept distance judgement If 

Its meaning Is understood. The combination 
treatment represents a fairly Inexpensive 

treatment, costing on I y about forty do I I ars 

per mile of roadway for Installation In this 

study. The combination treatment also pro

vides redundancy -- If a pennant Is knocked 

down, the marking remains, It the markings 

are obscured (snow, worn paint, etc.) the 

pennant w I I I provIde a I arge part of the 

necessary information.. From merely this 
legal llabi llty aspect, the combination 

treatment offers favorable consideration. 

The combination treatment offers redun

dancy In another respect also. After ob
servIng sever a I thousand passIng ~neuvers 

and evaluating the driver survey responses, 

It Is be I I eved that some drIvers "key" on 

the sIgn and some on the markIng. The com
bination treatment would be expected to 
assIst a greater percentage of drIvers by 
providing both visual cues. 

CONCLUSIONS 

Based on the results of the performance 

measures and driver understandIng surveys, 
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the following conclusions are presented. 

'· Each of the I nd I vI dua I treatments exh i

bIts favorab I e characterIstIcs wIth re

spect to providing advance Information 

that a no-passing zone Is being ap

proached; however, tho combination ot 

the pennant and dotted markIng accomp
lishes this better than either device 

alone. 

2. The treatment(s) appear to be more 

effective In flat or rolling terrain 

than In mountaInous terraIn. ExtendIng 
the target value of the no-passing zone 
550 to 750 ft ( 168 to 229 m) In moun

tainous terrain where geometry already 

Indicates unsafe passing very conspi

cuous 1 y may not be needed for pure I y 

safety reasons. 

3. No negatIve safety effects on passIng 
performance can be expected from use of 

the experimental dotted marking system. 

4. The marginal cost of Installing the com

b.! nation treatment rather than on I y one 

of the Individual treatments should be 

considered carefully In selecting a pre

ferred system. The combination treat
ment, while not costing appreciably more 

than either individual treatment, offers 

favorable legal liability considerations 

through providing redundancy, and pro

duces more des I rab I e passIng opera

tIons. 

5. DrIvers need, end want, better advance 
no't l Heat ion of the no-passIng zone. 

These treatments provIde thIs I nforma

tlon In a way In which they can effec

tively use the Information. 
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APPENDIX A 

Passing Maneuver Data Collection and Reduction 

The techniques used to collect and reduce the passing maneuver opera
tional data are discussed in this appendix. Also included are examples of the 
various data recording forms used, computer coding information, and processed 
output of the data as illustrated in Exhibits A-1 through A-6. 

DATA COLLECTION TECHNIQUE 

All operational data were measured and recorded by a three-person team. 
Data were recorded on cassette tape continuously throughout each maneuver by 
the front recorder who supervised the data collection. Both the driver and 
the back recorder team member operated the electronic stop-watches in addition 
to other duties. 

The driver• s primary responsibility was to maintain constant vehicle 
speed throughout the data measurement phase and to concentrate on the safety 
aspects of the driving task. The back recorder•s responsibilities included 
recording of trailing vehicle information, providing advance warning to the 
team that the trailing vehicle was moving into a pass initiation position, and 
designating the time when the left front wheel crossed the centerline and re
cording the estimated trailing distance at this point. This signal initiated 
a 11 measurements. The back recorder stop-watch and the dri ver• s stop-watch 
were both started on this signal. If the DMI was rezeroed on pass initiation 
rather than on a previously crossed tape marker, this was done on this signal 
also. The back recorder was also responsible for designating the time that an 
opposing vehicle reached the research vehicle. 

The front recorder was responsible for operating the DMI and assuring 
that all readings (time, distance, and presence of opposing vehicle) were re
corded on the tape. Since several DMI readings were taken during each maneu
ver (within about 10 seconds usually), the same person operated the DMI con
stantly to maintain efficiency. 
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The sequence of events for a typical maneuver is presen:ed bel ow for a 

situation in which the OMI was zeroed at a tape mark and then rezeroed on pass 
initiation. 

1. The research vehicle is traveling along the highway at about 45 mph 

(72 Km/h) 

2. As the front wheels pass over a tape marker, the front recorder re

zeroes the Di~l and notes the zone placard number on cassette tape 

(typical message: "Rezero, marker 3") 

3. A trailing vehicle closes on the research vehicle. The back recorder 

signals when the vehicle approaches within 200ft (61m) by counting 

centerline stripes (40-ft pattern) (12m) or by using a set of stadia 

marks etched on the rear window. The distance can be checked by 

zeroing the QMI as the research vehicle passes over a tape mark and 

reading the instrument when the trailing vehicle passes over the same 

mark. 

4. The back recorder alerts the team that the trailing vehicle is moving 

over toward the centerline. The signal 11 Get ready!" is given as the 

left front tire approaches the centerline. The signal 11 Now!" is 

given as the wheel crosses the centerline. 

5. The rezero button on the DMI is held in a depressed mode throughout 

the warning time, then released on the 11 Now! 11 signal and noted on 

the tape. At the same time, both stop-watches are started. 

6. The front recorder signals the time at which the critical position is 

reached and depresses the memory button on the DMI (the unit con

tinues to measure distance but the reading is locked on the display 

panel for recording purposes). A typical message would be, 11 Critical 

position coming up --- Now!" The warning prepares the driver who 

stops the stop-watch on the 11 Now! .. signal. At the same time, there

corder depresses the DMI memory button and records the reading on the 

cassette tape, then releases the button so that the cumulative dis

tance reading is again being displayed. 
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7. The front recorder signals the return position with a typical mess
age, "Return maneuver coming up --- Now!" The back recorder is also 
watching, and on the signal "Now", stops one channel of the split 
cumulative stop-watch and records the total time on the data form. 
The front recorder "marks" the return position and as the front 
wheels of the research vehicle passes the point, depresses the memory 

button on the DMI. The DMI reading is recorded on tape and the mem
ory button is released. 

8. If an opposing vehicle was in sight during the maneuver, the time 
that it reached the research vehicle is recorded by the back recorder 
on the second channel of the split cumulative stop-watch. 

9. A closeout DMI is recorded by the DMI operator as the research ve
hicle passes over a known reference mark and noted on the tape. 

10. The three measured times and the trailing distance are recorded on 

the tape. 
11. The type of passing maneuver (criterion or non-criterion) is noted on 

the tape along with "clipping" information or other notations such as 
a multiple pass, obvious disregard for markings, etc. 

12. The notations made on data recording forms by both the back and front 
recorders are checked to assure that all necessary data coincided. 

13. The DMI and both stop-watches are cleared and the next consecutive 
number is assigned to the next subject in preparation for data col
lection. 

14. The above sequence is repeated for each subject vehicle. 

MANEUVER DATA REDUCTION 

All data were transcribed from cassette tape and recording forms to in
dividual maneuver data forms so that vehicle data, operational data and other 
information could be formatted for computer entry. Examples of data recording 
forms, coding information and sample output are illustrated in Exhibits A-2 
through A-5. 

1. Data from front and back recorder forms and vehicle operational data 
from the cassette tapes were transcribed to individual passing 
maneuver forms (see Exhibit A-1). 
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2. Passing distances (critical, total, etc.}, opposing vehicle distance, 

and 11 Clipping 11 distance were computed. 
3. Speeds of the passing vehicle throughout the various maneuver dis

tance elements were computed using time/distance relationships. 
4. Relative positions of each passing maneuver with respect to the 

no-passing zone were computed using operational distance data and the 
study site survey plan sheets. 

5. All data were coded on computer entry forms. 
6. The coded data were keypunched and verified for accuracy. 
7. The coded data were processed through the Statistical Analysis System 

( SAS} program to identify frequency of occurrence for the many vari
ables. 

The computerized data file provided the capability to investigate opera
tional performance from a number of aspects. An examples of the type of 
sorting techniques is presented in Exhibit A-6. 
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I 

U'l 

Highw1y Number: _SH 103 -

ITEM Start 
Passing 
Zone 

Yes~t~:d of . 

ZOfl£ I 1113 

lOll£ 2 3071 

ZONE 3 5659 

lOit£ 4 7297 

ZM 5 8203 

ZONE 6 13104 

ZONE 7 16900 

Exhibit A-1. Example of Field Study Site Inventory 

1000 ft. 
Advance 
Marker 

. 

1099 

3528 

5493 

6787 

10925 

15246 

16833 

T 

FIELD STUDY SITE INVENTORY 
RF 3828 

1 Direction: East Bound ( Luft inJ -

IJCI I!EADINGS (REFERENCE STATIONS) 

750 ft. Start End of Other Other Passing Advance NPZ NPZ 
Marter 

Begin End Zone 

. 0 1113 -

1349 2099 3071 986 

3778 4528 5659 1457 

4143 
. 

5743 6493 7297 834 

7037 7787 8203 490 

11175 11925 13104 J722 

8203 . 
10580 11154 

15496 16246 16980 3142 

17083 17833 18801 853 

LENGTH~ (FEET) 

No-Passing Other 
Zone 

1113 

972 

1131 

. 

804 

416 

1179 

. 
574 

734 

968 

Date Inventoried: ~/14/7Q -

COfKNTS 

B~gins At "Rest Are1 1 Nllf" Sign on . 
R1ght Side Highway Marked or No-Pass1n9 

Rest Area On Riaht 

Intersection of FN 705 

Bridge 

j 
-



Exhibit A-2. Example of Front-Recorder Data Form 

PASSING MANEUVER DATA 
RF 3828 

(Oata Recorded from Front of Vehicle) 
0 "Before" Data Page _l_ of JL_ 

[) "After" Data Date 8-16-79 
Traffic Control Combination Location T-1 .,_;,_,;.,. __ 

SH 103 

Veh Tape Vehicle 
Passed No. Count In Zone Corrments 

1 2 Truck 

2 47 9 Return within dotted markina. Criterion 

3 78 Vehicle turned off on US 96 

4 119 21 Clio- Zone 21, C:Y-it,:)rion 

5 23 Return in dotted zone. no clio. zone 23. Crit~rion 

6 189 Truck - comoleted before dots. zone 10 

7 223 
(truck passed him and) 

Car- LA. plate, outside zone (us first no data) 

8 294 21 Dodqe Colt t~aqon- clio. Criterion 

9 328 

10 369 28 Return in dots, Criterion 

11 387 Return before dots & before 1 000 • , bare 1 y 

12 405 Veh. did not pass before Jet. 147 - end of zone 

13 422 2 Completed in dots, Criterion (Sedan) 

14 441 Completed before 1000' to zone, Pickup 

15 462 Turned off 

16 490 14 Illinois, Criterion 

17 520+ Passed beyond zone 17 
passed 

18 558 20 Clip, Criterion, started in dots after oppos. veh. 
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Exhibit A-3. Example of Back-Recorder Data Form 

PASSING MANEUVER DATA 
RF 3828 

(Data Recorded from Back of Vehicle) 
Page_!_ of~ 
Date 1-16-79 

0 "Before" Data 
[X} "After" Data 

Traffic Control Combination Location T-1 

SH 103 

Veh Tape License Total Opp. Trai 1 
No. Count Plate Vehicle Type Time Time Dist. Corrrnents 

1 0 PO 3751 Semi. 15.01 40' 

2 47 STW 555 T.Bird 14.46 40' 
TX 

3 MDV 796 Chev. Malibu - - turned right 
TX 

4 119 RZD 221 Chev. Sedan 10.89 20' 
TX 

5 OHL 174 Pontiac Sedan 11.31 40' 

6 189 no elate Mack Truck 16.28 60' log truck 
4Dr. 

7 223 41H 177 Dodge Sedan 14.47 so· 
Dodge Colt 

8 294 6387-DV Station Waqon 9.84 60' West bound 
01ds 4Dr. 

9 328 317Gll4 Delta 88 11.90 45' 
TX 

10 FZ-4058 Ford Van 11 • 31 30' 
2Dr. 

11 387 P47-952 Ford Sedan 11.35 80' 
TX 

12 405 ~1DW-922 Chev. 2Dr. - -
TX Pheonix 

13 4?? TV0-737 Pontiac 2Dr. 10.41 50' 
TX Truck P1ckup 

14 FY-309 Ford Ranger 11.96 25' 
· 2Dr. 

15 462 PDL -258 Ford LTD. - - turned left 
Olds 4Dr. 

16 KY-9188 Delta 88 15.65 30' 
TX 

17 NZX-656 Ford LTD. 15.15 85' 
TX 

18 558 OHL-311 Ford LTD. 9.41 70' West bound 
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Exhibit A-4. Example of Data Reduction and Computation Form 

SITE: T-Z ; SH 7 

FROM: Center, TX 
TO: Joaquin, TX 

DAYTIME DATA 

RF 3828 (TEXAS SITE) 
• BEFORE DATA RECORDING• 

Monte 
Passing Vehicle Type and License NUiber Carlo IX - MQC-4Q3 
Passed Vehicle Type and license NUiber Stptlon Wgn. TX • 317·308 
Speed of Passing Vehicle 

45 mph 

llo. _9;...__ 

Tape Count _...;3iii5~o~.P __ _ 

Direction of Travel: lt{!)E v 
Zone IIIIIDtr ~33.l...----
Oite 4127180 

CASE I HAHEUV£ R 
(Veh1cle Passed Lead Veh1cle) 

CASE II MANEUVER 
(Vehicle Passed Research Vehicle) 

I 

Final DHI Reference 
t et: -----

IR .lilLft 1os6 
!Ill et Return - ,'17- Ti1111 at Return DMI at Return 
Posit! on I Pos ftl on Pos 1 tfon 

'fl 
I 'I ~PH 
II 

II ~ 
,t, ~ 

I 

t 

-W-,, 
'fl 

''/ -" II A ,,, 7 
''I' II I "I' -5Z.L Ft -~~~~- II I 

Position Position l'9 

1581 
F1na1 filii Reference 
at: Marker 34 

13 81 5'' 
Tflll 1 t Return 
Posftlon 

5,86 §~ 
T1111 atH£1cal 
Pos1 tfon 

IJIII at Crftfcal ~ ~ 
Position fl tJ9 

~li 
Hme at Crftlcal I r ~ ~ 

..!LNPH I ~ 0 

T ~ (a t·lii-r ""'a;;.t .. P""'as""'s-
m· \N lnltiltfon -~, !»>I at Pus 1)11 Ruero 

ln1t11tlon Posltfons: ___ _ Distinct lehtnd - Q IIU Rlzero 
Vehicle fi Posftfons: 31/600' 

PaUI!!!i Vtlltclt Clfpptd: Q No Collltnts: Criterion Pass; Clfp Distance • 42' 

Opposing Time: 20.11 seconds ••· 2956 feet 

Opppslnp Trtff1c 1n Zones: 32 No Aborted Pess Attempts 

Plss1np Opportunltfts ReJected: None 

A-8 

321180' 
33/ 



Exhibit A-5. Coding Information for Passing Maneuver Data 

I TEt1 

CARD I 

I. Vehicle Number 

2. Study Site 

3. Data Type 

4. Demaraction System 

5. Passing Vehicle Type 

COLUMNS 

3 

1 

1 

1 

2 
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CODING INFORMATION 

Vehicle Number From Forms 

NCl = 1 
NC2 = 2 

NC3 = 3 

T1 = 4 

T2 = 5 

T3 = 6 

Ul = 7 

U2 - 8 

U3 = 9 

Before = 1 
After = 2 
MUTCD = 1 
TTI marking only = 2 
TTl marking & pennant = 3 
Pennant Only 
Compact passenger Vehicle 

= 4 

= 1 

Mid-Size Passenger Vehicle = 2 
Full Size Passenger Vehicle = 3 
High Performance Vehicle = 4 
Compact Pickup = 5 
Regular Pickup = 6 
Van = 7 
R. V. Camper = 8 
R. V. Motor Home = 9 
Bus (Greyhound Type) = 10 
Single Unit Truck = 11 
Semi Truck/Trailer = 12 
Logging Truck {Loaded Only = 13 



ITEr~ 

6. Trailer Type 

7. Passing Vehicle-State 
8. Passing Vehicle-License 
9. Direction Of Travel 

10. Passed Vehicle Type 

11. Passed Vehicle-State 
12. Passed Vehicle-License 
13. Zone Pass Initiated In 
14. Average Speed Of Passing 

Vehicle Through 1/3 d
2 

15. Average Speed Of Passing 

Vehicle Throughout d2 
16. Study Date 
17. Speed of Passed Vehicle 
18. ManP.uver Type 

19. Total Passing Distance 
20. Total Passing Time 
21. Distance To Critical Point 
22. Time To Critical Point 

COLUMNS 

1 

2 

6 

1 

1 

2 

6 

2 

2 

2 

6 

2 

1 

4 

4 

4 

4 
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CODING INFORMATION 

None = 0 

Empty = 1 

U-Haul = 2 

Boat = 3 

Horse = 4 

Cattle = 5 

Camper = 6 
(2) Two Letter Abbreviation 
License Number 
North = 1 

South = 2 
East = 3 

West = 4 

Passenger Vehicle = 1 
Station Wagon = 2 

Van = 3 

Two Letter Abbreviation 
License Number 

Zone Number 

In MPH (Calculated From Time 
And Critical Distance) 

In MPH (Calculated From 

Time And Return Distance) 
Example - 10 22 79 
In MPH 
CASE I 

CASE II 

In Feet 

00.00 Seconds 
In Feet 

= 1 

= 2 

00.00 Seconds (Time At Critical 

Position) 



Inr.., 

23. Trailing Distance 

Of Passing Vehicle 

24. Beginning Point Of Pass 

25. · End Point Of Pass 

26. Clip Distance 
27. Demarcation System 

Installation Date 

28. Opposing Vehicle Distance 

CARD I I 

29. Trailing Information 

COLUMNS 

3 

1 

1 

3 

6 

4 

50 

A-ll 

CODING J NF0Rt1ATION 

In Feet (Distance Behind Vehicle) 
Jump = 1 

Before 1000 1 Zone = 2 

Within 1000 1 Zone = 3 

Within Dashed System= 4 

Before 1000 1 Zone = 1 

Within 1000 1 Zone = 2 

Within Dased System = 3 

Clip = 4 

Ended In Following Zone= 5 

In Feet 

Example - 10 22 79 (Obtain 

From Files) 

Unknown 

No Opposing Vehicle 
Opposing Vehicle 

= 

= 

= 

Each Column Represents a 
Column Number 

Coding By Zone: 

Blank = Did Not Trail 

1 = Trailed And Rejected 

Opportunity To Pass 

Blank 

0 

Distance 

In Feet 

2 = Trailed- No Opportunity 

To Pass Because Of 

Limited Sight Distance 

3 = Trailed- No Opportunity 

To Pass Due To Opposing 
Traffic 

4 = Aborted Pass 



ITE~1 COLUMNS CODING INFORMATION 

30. Vehicle Number 3 Vehicle Number From Forms 
31. Study Site 1 Same As Item 2 

32. Data Type 1 Before = 1 

/\fter -: 2 
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Exhibit A-6. Sample Output of Sorted Maneuver Data 

T('XAS s rrr 2 'JJt;tiT TIME REr c.R r DATA GJOO PA~srs ONLY 

TI-..t:CQPT r R c Q u r ~.' c y CUM rR Cr.! Pt:RCE'4T CU114 PERCE: NT 
C9~1:. 1 57 1·6~, 9! .443 
101'5 1 1HI t.F-3«1 95 .o 82 
lOt.S 1 Sc:t 1.6!-9 96.721 
1~9F, 1 ~0 1.639 98.361 
16?.1 1 ~1 1.,,9 100.000 

TRO J ST r~(QU(I\CY CUM r~rc J.~RCC~T CUM P(RCENT 

055 4 4 6.~57 6.557 
065 3 7 1te91B 11 ... r; 
,7!) 5 12 A.1~7 1'J.6 2 
075 1 1 :5 1e639 21.311 
oe a 1 14 1eC.39 22.951 
'18': "\ 17 ... ,se 27.P!t9 
'l9C ;> 19 3.279 :51.148 
09"5 ': 24 Ae197 39e344 
10!: It 2A l-.557 45.902 
115 7 '35 11.475 '57.377 
12"; f, 41 9.A56 67.c13 
135 " 45 6.557 73.7 70 
14 0 :> 47 3.279 77.049 
145 1 ItA 1e6:59 7A e6 A 9 
u.s 4 1)2 6e557 R5.24& 
175 1 53 1e639 ~6.P.85 

190 1 c;4 1.639 88.525 
211<, 3 57 ... Q18 93.41t3 
235 2 C. <;I 3. 27 9 96.721 
295 1 60 le63'j 9Re361 
315 1 61 1.639 10~el00 

PASBEGJ='T rR[QUrNCY CUM rqro r>E:RCE'Ijl CUM PtRCf:NT 

1 2 2 3e279 3.279 
2 31 33 S 0 • B2 0 54 eO 9R 
~ 

., 40 11.475 6'5 .574 
4 ?1 ~1 34.42& 10~.000 

PASti\IDPT rRrQUf:NCY CUM F"R EO PL'RCENT CUf'ol PERCENT 

2 5 5 Pe197 e .t97 
! 17 22 27.86 9 36.06E. 
4 ~ct 61 ~!.934 100.000 
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APPENDIX B 

DRIVER SURVEY INFORMATION 

Each survey included a descriptive letter, a driver information form, a 
map designating the location of the test site, and the survey to be completed. 
A stamped return envelope was also included. 

This Appendix contains examples of a typical cover letter, a typical 
driver information form, and the site location maps for the nine study sites. 

Exhibit 8-1. Typical Cover Letter 
Exhibit B-2. Typical Driver Information Form 
Exhibit B-3. Site Map -- Study Site NC-1 (Combination Treatment) 
Exhibit B-4. Site Map -- Study Site NC-2 {Pennant Sign Only) 
Exhibit B-5. 
Exhibit B-6. 
Exhibit B-7. 
Exhibit 8-8. 
Exhibit B-9. 

Site Map -- Study Site NC-3 (Dotted Treatment Only) 
Site Map -- Study Site T-1 {Combination Treatment) 
Site Map -- Study Site T-2 (Pennant Sign Only) 
Site Map -- Study Site T-3 {Dotted Treatment Only) 
Site Map -- Study Site U-1 

Exhibit B-10. Site Map -- Study Site U-2 
Exhibit B-11. Site Map-- Study Site U-3 

{Combination Treatment) 
{Pennant Sign Only) 
{Dotted Treatment Only) 

B-1 



I 
---------. ------· 

L _____ _ 
TEXAS A&M UNIVERSITY 

TEXAS TRANSPORTATION INSTITUTE 
rot Lf<-IE STATION TEXAS 71643 

Exhibit B-1. Typical Cover Letter 

Dear f·1otori s t: 
The Texas State Department of Highways and Public Transportation is work

ing cooperatively with the Texas Transportation Institute in a research study 
to evaluate roadway markings and/or signs installed in several sections of 
rural two-lane roadway in the State of Texas. 

Your vehicle was observed traveling through one of the test sections. 
Therefore, we would appreciate your answering the attached questions. 

Your name is not requested on the survey form that you are being asked 
to complete. In this way, all answers wi11 remain confidential and data 
will be used for statistical analysis purposes only. 

Your mailing address was obtained from the Texas license plate records. 
If an error was made in reading the license plate and your vehicle was not 
driven through the test section, please just return the uncompleted survey 
form in the enclosed postage-paid envelope. 

Thank you for your cooperation and assistance. 

Sincerelyt 

Texas Transportation Institute 

B-2 
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Exhibit B-2. Typical Driver Information Form 
TEXAS DRIVER INFORMATION 

(Test Site 1) 

6 1. Age: 16-18 ITJ 
19-24 ~ 

25-34 ~ 
35-44 [!] 

45-54 riD 
55-64 [§) 

Over 64 [Z] 

7 2. Sex: M OJ F (g) 

8,9 3. Educational Background: (Circle Highest Grade Completed) 
Elementary High School College Graduate School 

1 2 3 4 5 6 7 8 9 10 11 12 1 2 3 4 1 2 3 4 
13---16 17---20 

10 Master's 1 Ph.D 2 Others ...::.3 ____________ _ 

II 4. Occupation NO ANSWER--O ANSWER--I 

12,13 5. How many years have you been driving? 

14 6. How many miles do you drive per year? I a. 
2 b. 

years 

less than 10,000 per year 
10,000-20,000 per year 

3 c. Over 20,000 per yea_r 

15 7. Approximately how many times have you driven on State Highway 103 

between Fr1 147 and u. S. Highway 96 (east of Lufkin, Texas) since 
June 1979? (See map on reverse side of this page.) 

OJ Only once 
riD 2-5 times 
@J 6-20 times 
{!] more than 20 (estimate number) 

............................................................................. 
Survey begins on next page. Please answer all questions in the order 

presented. DO NOT READ AHEAD. Please do not go back to a completed question 
to change your original answer -- we wish to obtain your first thoughts on 
each question. 

Thank you. This infonmation and all data obtained during this study 
program will be held in strict confidence and used for statistical purposes 
only. 
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HARRELLS 

NORTH CAROLINA 

SEE DETAIL 

Exhibit B-3. Site Map -- Study Site NC-1 (Combination Treatment) 
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SPtVE Y'S CORNER 

HARRELLS 

NORTH CAROLINA 

SEE DETAIL 

Exhibit B-4. Site Map -- Study Site NC-2 (Pennant Sign Only) 
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SPIVEY'S CORNEH 

Ct INTON 

HAHREL I. S 

NORTH CAROLINA 

SEE DETAIL 

Exhibit 8-5. Site Map -- Study Site NC-3 (Dotted Treatment Only) 
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TEXAS 

TEXAS 

I 
I 
I 
I 

TO TEXARKANA 1 

I 
I 
I 
I 

LOUISIANA 

' , 
TO IEAIMONT I 

' I 
I 

' ' 

Exhibit 8-6. Site Map -- Study Site T-1 (Combination Treatment) 
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TEXAS 

TEXAS 

I 
I 
I 
I 

TO TEXMKANA I 
I 
I 
I 
I 

LOUISIANA 

' , 
TO BEAUMONT I 

I 
I 

I 

' ' 

Exhibit B-7. Site Map -- Study Site T-2 ·(Pennant Sign Only) 

B-8 



TEXAS 

TEXAS 

I 

• I 
I 

TO TEXMKANA I 
I 
I 
I 
I 

SEE DETAIL 

LOUISIANA 

' , TO BEAUMONT I 
I 

I 
I 

' ' 

Exhibit B-8. Site Map -- Study Site T-3 (Dotted Treatment Only) 
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-·-----. 
.._ __ _ 

UTAH 

Exhibit B-9. Site Map -- Study Site U-1 (Combination Treatment) 
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-----···· ---, 
L • 

IE£ DETAIL 

UTAH 

Exhibit 8-10. Site Map -- Study Site U-2 (Pennant Sign Only) 
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------~------- --., 

SEE DETAIL~ OGDEN 

UTAH 

Exhibit 8-11. Site Map-- Study Site U-3 (Dotted Treatment Only) 
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APPENDIX C 

DRIVER SURVEY -- COMBINATION TREATMENT 

This Appendix contains the driver survey that was sent to drivers who 
were observed executing a passing maneuver in the three study sites·containing 
the advanced dotted line treatment and the NO-PASSING ZONE pennant sign. Surveys 
were received from 27 subjects at site NC-1, 14 subjects at site T-1, and 15 
subjects at site U-1. 



Exhibit C-1. Driver Survey- Combination Treatment (Advance) 
Dotted Line and NO-PASSING ZONE Sign) 

Please answer the following questions (use ballpoint pen, not pencil). 
Your name is not requested, and all answers will remain confidential; there
fore, please answer the ~uestions as frankly as you can . 

Situation No. 1 
Assume that you are driving 
along a two-lane rural highway 
(one lane in each travel 
direction) and you see the 
roadway pavement markings as 
shown in Figure 1. The dashed 
centerline (indicated by the 
letter "a" in Figure 1) is yellow; 
ahead, you see a solid yellow 
line (indicated by~ letter "b" 
beginning at point \l) in Figure 1). 

Question No. 1 

• • 

Figure 1 

~Jhat does the solid yellow line mean to you? (In other words, what is its 
legal intent?) 
(Please write your answer below.) 

16 Meaning of Solid Yellow Line: NO ANSWER-- 0 

CORRECT ANSWER-- I 

INCORRECT A·NSWER-- 2 

Use this space to write additional comments if necessary: 
17 Comments: ______ ..l,;'N 0 ~9_M MEN T _::.Q_ ________ _ 

COMMENT·· I 

(Survey continues on next page) 
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Situation No. 2 

Assume that you are driving along 
the same two-lane rural highway 
(pavement markings as shown in 
Figure 2). You are passing another 
vehicle in Region "a" when you see 
a solid line ahead of you (indicated 
bHhe letter "b" beginning at point 
\2) in Figure 2.) 

Question No. 2 

,·QW 
I -I 

c:::) 
- - - -a Q) b 

Figure 2 

Please check the answer below that you think is correct. (Check only one 
and write in any comments you wish to add regarding your answer choice). 

18 0 may legally complete my pass beyond point (D 

19 ~ I should returnA the right lane at or before 
reaching point ~ . . 

20 Cornnents: 

--

·----·--------------

{Survey continues on next page) 
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Situation No. 3 
Assume that you are driving along 
the same two-lane rural highway 
(pavement markings as shown in 
Figure 3). You are traveling in 
Region "b" behind another vehicle. 

Question No. 3 

a <Dtm!> D b ® 

Figure 3 

Please check the answer below that you think is correct (Check only one 
answer and write in any comments you wish to add regarding your answer 
choice). 

21 D 

22 00 
2 3 Corrments: 

I may legally begin a pass before reaching point (3) . 
I should begin a pass only after reaching point (3) . 

(Survey continues on next page) 
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Situation No. 4 
Assume that you are driving along 
in the right lane of the two-lane 
rural highway. Ahead, you see a 
pennant-shaped sign (Figure 4) 
facing you on the left side of 
the roadway and a series of short 
dashed lines on the right of the 
roadway centerline (indicated by 
the letter 11 C11 in Figure 5). 

Question No. 4 
What does this series of short 
dashed lines and this sign 
mean to you? (Please check 
all answers that you think are 
correct.) 

Figure 4 

I do not have any idea what the short dashed lines mean. 
I do not have any idea what the sign means. 

Figure 5 

24 0 
25 0 
26 0 
2 7 00 
28 00 
29 00 
30 0 
31 0 

I must not be in the left lane beyond the start of the short dashed lines. 
I must not be in the left lane beyond the sign. 
A rro-p~ssing zone is coming up ahead of me. 
I must not begin to pass after reaching the start of the short dashed lines. 
I must not begin to pass beyond the point where I can first see the sign. 
I must not begin to pass beyond the point where I can first see the short 
dashed lines. 

32 00 A no-passing zone will start at the sign. 
33 0 A no-passing zone will start shortly beyond the sign. 
34 ~ I must not begin to pass after reaching the sign. 
35 0 I may legally complete my pass beyond the sig~. 
36 [] A no-passing zone will start at the beginning of the short dashed lines. 
37 I&] A no-passing zone will start immediately at the far end of the short 

dashed lines. 
3 8 0 A no-passing zone will start shortly beyond the far end of the short 

dashed lines. 
39 0 Other meanings: (write your own) 

----------------------- -----------------------------------------
40 Explanation of your answer(s) is desired: 

(Survey Continues on Next Page) 
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Situation No. 5 

~ N 

~ • 
,-cmm 

Assume that you are in the act 
of passing another vehicle on 
the rural highway when you first 
see the short dashed lines and 
the pennant-shaped sign ahead. 
(You are in the left lane.) II' 

I - - ==---=---==---= 
C) c 

Question No. 5 
Figure 6 

What does this series of short 
dashed lines and this sign mean 
to you? (Please check all answers 
that you think are correct.) 

410 

42 0 
43 0 
44 0 

45 00 
460 

47 D 
48 00 

I do not have any idea what the sign means. 
I do not have any idea what the short dashed lines mean. 
The sign does not apply to me because I am already passing. 
I must complete my pass at or before reaching the start of the short 
dashed lines. 
I must complete my pass ot or before reaching the sign. 
I may legally continue my pass and complete it beyond the sign. 
The short dashed lines do not apply to me because I am already passing. 
I may continue my pass beyond the start of the short dashed lines, but 
I must complete it at or before reaching the far end of the short dashed 
lines. 
I may legally complete my pass beyond the far end of the short dashed 
1 i nes. 

50 00 A no-passing zone is coming up ahead of. me·. 
5 1 0 Other meanings: (write your own) 

j • 

52 Explanation of your answer(s) is desired: 

(Survey continues on next page) 
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The pennant-shaped NO-PASSING ZONE sign and the short dashed line pavement 
markings are not widely used in your State. Your vehicle was observed 
traveling through a section of highway in which they were installed for test 
evaluation. 

We would like your opinion of the advantages or disadvantages of using the 
sign and the short dashed lines on two-lane rural highways in your State. 

Please place an "X" on the ranking scale line beside each statement to indicate 
how well you agree (or disagree) with the statement. The "X" may be placed 
anywhere along the line-- at a :•tick-mark" or between "tick-marks." 

53,54 Q.uestion No. 6 

The current method of marking no
passing zones (solid yellow line) 
is adequate for my passing infor
mation needs . 

.Q_uestion No. 7 

The short dashed lines and the 
pennant sign are helpful to me 
when I am passing: 

55,56 (a) only one car ahead of me. 

57,58 (b) more than one car ahead of me. 

59,60 (c) 

61,62 (d) 

63,64 (e) 

65,66 (f) 

67,68 (g) 

69,70 (h) 

11,72 (i) 

73,74 (j) 

~5. 76 (k) 

77,78 ( 1) 

79, eo (m) 

81,82 (n) 

a large truck. 
at night. 
during the day. 
at dusk or dawn. 
in rain. 
in fog. 
when it is snowing. 
while looking into bright 
sun glare. 
on a curve to the right. 
on a curve to the left. 
when approaching a hill. 
when approaching a hidden 
dip in the road. C-7 
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S3 ,84 Question No. 8 

I~ recognized that the short 
dashed marking system meant 
something different than the 
normal dashed roadway centerline. 

B5 ,86 Question No. 9 

After reading the message, NO
PASSING ZONE, on the first few 
signs, remaining pennant shaped 
signs were easily recognized 
long before I was close enough 
to read the message. 

37,88 Question No.lO 

I soon recognized that the short 
dashed marking system was intended 
to warn me that 1 was approach
ing a no-passing zone. 

39 , 90 Question No. 11 

I soon recognized that the 
pennant shaped sign was intend
ed to warn me that 1 was 
approaching a no-passing zone. 

C-8 

QJ 
Q) 
s... 
t:n 
ttl 
(,/) .,... 

0 

>, ,_. 

ttl 
+-' 
0 
I-

L. 
I 2 

QJ 

QJ ~ 
QJ t:n s... ttl t:n (,/) 
ttl 
(,/) 0 .,_ 

0 >, 
r->, QJ ,_. ..., 

01 ttl c: s... 
0 QJ s... "0 ..., 

~ VI 

I I 
3 4 5 

Q) 
Q) 
s... Q) 
t:n Q) QJ 
ct s... Q) 

t:n s... 
>. ct t:n 
r- ct "0 

Q) Q) >, 
"0 

..., ,_. >, 
.,_ ttl t:n ,_. 
u s... t: r-
QJ Q) 0 ttl 

'"0 '"0 s... ..., 
1: ~ 

..., 0 
:::> V'l ..... 
I I I , 

6 7 8 9 10 II 12 13 



.Q.yes tion No. 12 

The Department of Transporta
tion in my state should install, 
at all no-passing zones: 

91,92 (a) Short dashed lines only 
93,94 (b) Pennant-shaped signs only 
95,96 (c) Both markings and signs 

97 Question No. 13 
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Please add any additional comments you wish in the space below: 

{Use reverse side of page if additional space is needed). 

Thank you for your cooperation and assistance. 
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Please return the complete'd survey in the enclosed postage-paid envelope to: 

The Texas Transportation Institute 
Texas A & M University 
College Station, Texas 77843 

C-9 

QJ 
QJ 
~ 
0'\ 

ex: 
>, ..... ,..... 
ro ..... 
0 
1-

12 13 



APPENDIX D 

DRIVER SURVEY -- NO-PASSING ZONE PENNANT SIGN ONLY 

This Appendix contains the driver survey that was sent to drivers who 
were observed executing a passing maneuver in the three study sites containing 
the NO-PASSING ZONE pennant only. Surveys were received from 14 subjects at 
site NC-2, none from T-2 (not included in data sample), and 15 subjects from 
site U-2. 
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Exhibit D-1. Driver Survey - NO-PASSING ZDNE Pennant Sign Only 

Please answer the following questions (use ballpoint pen, not pencil). 
Your name is not requested, and all an~wers will remain confidential; there
fore, please answer the Cjllestions as frankly as you can . 

Situation No. 1 
.. --- --·-~- --------

Assume that you are driving 
along a two-lane rural highway 
(one lane in each travel 
direction) and you see the 
roadway pavement markings as 
shown in Figure 1. The dashed 
centerline (indicated by the 
letter "a" in Figure 1) is yellow; 
ahead, you see a solid yellow 
1 i ne (indicated by ~ 1 etter "b" 
beginning at point \1) in Figure 1). 

Question No. 1 

• • 

Figure 1 

What does the solid yellow line mean to you? 
legal intent?) 

(In other words, what is its 

(Please write your answer below.) 

16 Meaning of Solid Yellow Line: NO ANSWER·- 0 

CORRECT ANSWER-- I 

INCORRECT ANSWER·- 2 

17 Use this space to write additional comments if necessary: 
Comments: ·-----"-'N~O~C OM t.!EN T -- 0 

COMMENT-- I 

{Survey Continued on Next Page) 
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Situation No. 2 

Assume that you are driving along 
the same two-lane rural highway 
(pavement markings as shown in 
Figure 2). You are passing another 
vehicle in Region "a" when you see 
a solid line ahead of you (indicated 
bHhe letter "b 11 beginning at point 
\.2) in Figure 2. ) 

Question No. 2 

,{mti) 
' ' c::J 

- - - -a CD b 

Figure 2 

Please check the answer below that you think is correct. (Check only one 
and write in any comments you wish to add regarding your answer choice). 

20 Con1nents: 

18 c=J I may legally complete my pass beyond point(}) 

l9 ~ I should return~ the right lane at or before 
reaching point ~ 

.~ 

--·----· -------------

(Survey Continued on Next Page) 
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Situation No. 3 
Assume that you are driving along 
the same two-lane rural highway 
(pavement markings as shown in 
Figure 3). You are traveling in 
Region 11 b" behind another vehicle. 

Question No. 3 

~-----.--··· 

Figure 3 

Please check the answer below that you think is correct (Check only one 
answer and write in any comments you wish to add regarding your answer 
choice}. 

21 0 
22 (R1 

23 Conments: 

I may legally begin a pass before reaching point~ . 

I should begin a pass only after reaching point~ . 

(Survey Continued on Next Page) 
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Situation No. 4 
Assume that you are driving along 
in the right lane of the two-lane 
rural highway. Ahead, you see a 
pennant-shaped sign (Figure 4) 
facing you on the left side of 
the roadway. 

Question No. 4 
What does this sign mean to you? 
{Please check all answers that 
you think are correct). 

25 [] I do not have any idea what the sign means. 
32 ~ A no-passing zone will start at the sign. 

Figure 4 

33 [] A no-passing zone will start shortly beyond the sign. 
34 I&] I must not b~n .. to pass after reaching the sign. 
30 [] I must not begin to pass beyond the point where I can first~ the sign. 
28 I&] A no-passing zone is coming up ahead of me. 
39 0 Other meanings: {Write your o~m) ________________ _ 

40 Explanation of your answer{s) is desired: 

{Survey Continued on Next Page) 
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Situation No. 5 
Assume that you are in the act 
of passing another vihiCTeon
tne rural highway when yo~ first 
see the pennant-shaped sign 
ahead of you on the left side 
of the road. (You are in the 
left lane). 

Question No. 5 
What does this sign mean to you? 
(Please check all answers that 
you think are correct.) 

,·mm> , 

41 [] I do not have any idea what the sign means. 

Figure 5 

43 [] The sign does not apply to me because I am already passing. 
45 00 I must complete my pass at or before reaching the sign. 
46 [] I may legally continue my pass and complete it beyond the sign. 
so 00 A no-passing zone is coming up ahead of me. 
51 [] Other meanings: (Write your own) 

52 Explanation of your answer(s) is desired: 

(Survey Continued on Next Page) 

D-6 



The pennant-shaped NO-PASSING ZONE sign is not widely used in your State. 
Your vehicle was observed traveling through a section of highway in which 
it was installed for test evaluation. 

We would like your opinion of the advantages or disadvantages of using the 
pennant shaped sign on two-lane rural highways in your State. 

Please place an "X" on the ranking scale line beside each statement to indicate 
how well you agree (or disagree) with the statement. The "X" may be placed 
anywhere along the line-- at a "tick-mark" or between "tick-marks." 

41 

41 
41 
~ 41 QJ QJ 0\ 

QJ ~ 10 ~ ~ 0\ QJ 
0\ 10 

Ill 0\ QJ 
·~ 10 Ill c c:c: ~ 

Ill .,_ 0\ 
·~ c >, >. c:c: 
c "'0 -- QJ >, >, 41 QJ 
>, ,... 

+-' "'0 +.J ,... 
,... C'l 10 .,.. 10 C'l ,.... c ~ u ~ t: 
10 0 QJ QJ 

QJ 0 
+-' ~ "'0 "'0 "'0 ~ 

0 +.J 
~ 

c: ~ +-' 
1- Vl ::> Vl 

2 3 4 5 6 7 a 9 10 II 12 
53,54 Q.uestion No. 6 

The current method of marking no-
passing zones (solid yellow line) 
is adequate for ~ passing infor-
mation needs. 

Question No. 7 

The pennant-shaped sign is 
helpful to me when I am passing: 

55,56 (a) only one car ahead of me. 

57,58 (b) more than one car ahead of me. 

59,60 (c) a large truck. 

61,62 (d) at night. 
63,64 (e) during the day. 

65,66 (f) at dusk or dawn. 

67,68 {g) in rain. 
69,70 (h) in fog. 
71,72 (i} when it is snowing. 

73,74 (j} while looking into bright 
sun glare. 

75,76 (k) on a curve to the right. 
77,78 ( 1) on a curve to the left. 
79,80 (m) when approaching a hill. 

81 ,82 (n) when approaching a hidden 
~ --~ dip in the road. 
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85,86 Question No. 8 

After reading the message, NO
PASSING ZONE, on the first few 
signs, remaining pennant shaped 
signs were easily recognized 
long before I was close enough 
to read the message. 

8 9, 90 Question No. 9 

I soon recognized that the 
pennant shaped sign was intend
ed to warn me that I was 
approaching a no-passing zone. 

93,94 Question No. 10 

The pennant shaped sign should 
be installed by the State 
Department of Transportation at 
all no-passing zones in my state. 

97 Question No. 11 
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Please add any additional comments you wish in the space below: 

(Use reverse side of page if additional space is needed). 

Thank you for your cooperation and assistance. 
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Please return the completed survey in the enclosed postage-paid envelope to: 

The Texas Transportation Institute 
Texas A & M University 
College Station, Texas 77843 
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APPENDIX E 

DRIVER SURVEY -- ADVANCE DOTTED LINE TREATMENT ONLY 

This Appendix contains the driver survey that was sent to drivers who 
were observed executing a passing maneuver in the three study sites containing 
the advanced dotted treatment only. Surveys were received from 27 subjects 
at site NC-3, none from T-3 (not included in data sample), and 17 subjects 
at site U-3. 
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Exhibit E-1. Driver Survey- Advanced Dotted Line Only 

Please answer the following questions (use ballpoint pen, not pencil). 
Your name is not requested, and all answers will remain confidential; there
fore, please answer the ~uestions as frankly as you can . 

• S_i_!_~tion _No._l 1r 
Assume that you are driving 
along a two-lane rural highway 
(one lane in each travel 
direction) and you see the 
roadway pavement markings as 
shown in Figure 1. The dashed 
centerline (indicated by the 
letter "a" in Figure 1) is yellow; 
ahead, you see a solid yellow 
line (indicated by ~ letter "b" 
beginning at point \l} in Figure 1). 

Question No. 1 
Figure 1 

What does the solid yellow line mean to you? 
legal intent?) 

(In other words, what is its 

(Please write your answer below.) 

16 Meaning of Solid Yellow Line: NO ANSWER--O 

CORRECT ANSWER-- I 

INCORRECT ANSWER-- 2 

17 Use this space to write additional comments if necessary: 
Comments: N 0 C 0 M _ME N T -- 0 

COMMENT-- I 

(Survey continues on next page) 
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Situation No. 2 

Assume that you are driving along 
the same two-lane rural highway 
(pavement markings as shown in 
Figure 2}. You are passing another 
vehicle in Region "a" when you see 
a solid line ahead of you (indicated 

.· b~he letter "b" beginning at point 
\2.) in Figure 2.) 

Question No. 2 

,·Gml} 
I -I c::::> - - - -a CD b 

Figure 2 

Please check the answer below that you think is correct. (Check only one 
and write in any comments you wish to add regarding your answer choice). 

18 0 I may legally complete my pass beyond point G) 

19 0 I should returnA the right lane at or before 
reaching point\!) . 

20 Comnents: 

(Survey continues on next page} 
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Situation No. 3 
Assume that you are driving along 
the same two-lane rural highway 
(pavement markings as shown in 
Figure 3). You are traveling in 
Region "b" behind another vehicle. 

!---------···-······ .. ·--- .. ·-····· 

a 

Figure 3 

Question No. 3 
Please check the answer below that you think is correct (Check only one 
answer and write in any comments you wish to add regarding your answer 
choice). · 

21 0 I may legally begin a pass before reaching point 0 . 
22 00 I should begin a pass only after reaching point 0 . 

2 3 Corrments: 

{Survey continues on next page) 
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The short dashed line pavement marking system is not widely used in your State. 
Your vehicle was observed traveling through a section of highway in which it 
was installed for test evaluation. 

We would like your opinion of the advantages or disadvantages of using the 
short dashed line pavement markings on two-lane rural highways in your State. 

Please place an "X" on the ranking scale line beside each statement to indicate 
how well you agree {or disagree) with the statement. The "X" may be placed 
anywhere along the line-- at a "tick-mark" or between "tick-marks." 

Q) 

Q) 
Q) 
~ Q) Q) Q) c:n Q) ~ ltl f: ~ c:n \II 

Q) 
c:n ltl c:n Q) 
ltl 

..... c:( ~ \II 0 
\II ..... c:n ..... 0 >. >. c:( 

0 ~ -- Q) >. >. Q) (1) 
>, ,_. ...., ~ 

...., ,...... 
,...... c:n ltl ..... 10 c:n ,...... c: ~ u ~ (,: 

ltl 0 (1) (1) Q) 0 .., 
~ ~ ~ ~ !.. 

0 ...., 
-2. c: ~ 

...., 
~ V'l :;) V'l 

2 3 4 5 6 7 a 9 10 II 12 
53,54 Question No. 6 

The current method of marking no-
passing zones (solid yellow line) 
is adequate for my passing infor-
mation needs. 

Question No. 7 

The short dashed marking system is 
helpful to me when I am passing: 

55,56 (a) only one car ahead of me. 

57,58 (b) more than one car ahead of me. 

59,60 (c) a large truck. 
61,62 (d) at night. 
63,64 (e) during the day. 
65,66 (f) at dusk or dawn. 
67,68 (g) in rain. 
69,70 (h) in fog. 
71,72 (i) when it is snowing. 

73,74 (j) while looking into bright 
sun glare. 

75,76 (k) on a curve to the right. 
77,78 (1) on a curve to the left. 
79,80 (m) when approaching a hill. 

a 1 ,a 2 (n) when approaching a hidden 
~ --..J 

dip in the road. 
E-7 

Q) 
Q) 
~ 
c:n ex: 
>. ,...... 

,_. 
Its .., 
0 
~ 

13 



13,84 Question No. 8 

I soon recognized that the short 
dashed marking system meant 
sornethi ng different than the 
normal dashed roadway centerline. 

17,8 8 Question No. 9 

I soon recognized that the short 
dashed marking system was intended 
to warn me that I was approach
ing a no-passing zone. 

1,92 Question No. 10 

The short dashed marking system 
should be installed by the State 
Department of Transportation at 
all no-passing zones in my state. 

97 Question No. 11 
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Please add any additional comments you wish in the space below: 

(Use reverse side of page if additional space is needed). 

Thank you for your cooperation and assistance. 
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Please return the completed survey in the enclosed postage-paid envelope to: 

The Texas Transportation Institute 
Texas A & M University 
College Station, Texas 77843 
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CONTROL QUESTIONS 

APPENDIX F 

DRIVER SURVEY RESPONSES 

Questions 1, 2, 3 in each survey were identical and were used to deter

mine how subject drivers interpreted the conventional solid yellow no-passing 

zone stripe and to identify their operational behavior with respect to "clip

ping" and "jumping." In 911 three States, the solid yellow line is used to 
designate no-passing zones; hence driving to the left of this line is illegal. 

Also, all three States establish and enforce no-passing zones on the short 
zone concept; hence drivers should complete the passing maneuver at or before 

reaching the solid line (i.e., no "clipping" allowed}. "Jumping" is pro

hibited in all three States. 

All surveys in which subject drivers answered any of questions 1, 2, or 3 

incorrectly were omni tted from the samp 1 e because it was be 1 i eved that if they 

did not correctly interpret conventional markings, they could not correctly 

deduce the meaning of the experimental treatments. Of the 150 surveys 

returned, 46 subjects incorrectly answered at least one of the three control 

questions. Thirteen were disqualified because they incorrectly interpreted 

the meaning of the solid yellow line (Question 1}. Only two were disqualified 

because they indicated that "jumping" was legal (Question 3}. The remainder 
of the 46 were disqualified because they indicated that "clipping" was legal 

(Question 2}. The sample, therefore, included 104 surveys from all three 

States. Of the nine surveys returned from those drivers observed in sites T-2 

and T-3 at night, only six answered the three control questions correctly. 
These surveys were not included in the driver survey evaluation due to the 

small sample size. 

SURVEY RESEARCH CODING 

Each survey response was assigned a coding number corresponding to a com

puter column number. Columns 1 through 5 are reserved for computer job con

trol. The driver information is coded in columns 6 through 15 (Exhibit B-2, 
Appendix B). Columns 16 th~ough 97 include all coded responses for questions 
in the combination ·treatment survey (Appendix C, Exhibit C-1}. 
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Questions in the other two surveys that are identical to one in the combina
tion survey are dssigned identical codes to facilitate computer analysis. An 
example is presented: The fifth response to question number 4 in the combina
tion survey (Appendix C) is, 11 A no-passing zone is coming up ahead of me. 11 

This same statement appears as response number 6 to question 4 in the sign
only survey (Apendix D) and as response number 2 to question 4 in the marking
only survey (Appendix E). All three responses are designated as Code 28. 

All coding was added after surveys were received. The subjects' surveys 
contained no coding numbering. 

DEFINITION OF TERMS IN DATA SUMMARY TABLES 

Response Code 

The term 11 Response Code .. refers to the numerical code assigned to each 
survey response and located adjacent to the survey responses in Appendices B, 
C, D and E. These codes are used in some tabular data so that the reader may 
refer to the particular question or sub-element of a question in the survey. 

11 N11 Term 

The term 11 N11 represents the number of surveys received or the number of 
responses to a particular question within a survey. Since every subject did 
not necessarily complete all questions within a survey (either by oversight, 
refusal to answer, etc}, theN-values for a question containing several parts 
may be different within the total question responses. 

Response Ratings 

Subjects were asked to rate (rank) the degree to which they agreed or 
disagreed with statements in the survey. The rating technique permits numeri-
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cal analysis of a subjective opinion. The ranking scale was linear with five 
categories between .. totally disagree" and "totally agree... The numerical 

values from 1 to 13 (see Appendix C, questions 6 through 12) were assigned to 

the categories for analysis purposes -- no codes were shown on the surveys. 

Ranking values were: 

1. Totally Disagree 

3. Strongly Disagree 

5. Moderately Disagree 

7. Undecided 

9. Moderately Agree 

11. Strongly Agree 

13. To ta 11 y Agree 

The subject was asked to place an "X" on the ranking seale 1 ine beside 

each statement to indicate how well he (she) agreed or disagreed with the 
statement. The 11 X" could be placed anywhere along the line -- a "tick inarku 

or between 11 tick marks ... Therefore, the mid-point of each category was 

assigned a numerical rank to achieve greater accuracy in calculation. 

RESPONSES TO QUESTIONS 

Tables F-1 through F-17 present summarized responses for all questions in 

the surveys that were received. Responses to each question are discussed in
dividually. The combination treatment survey (Appendix C) in each State con

tained all questions that were included in the sign-only survey and the mark
; ng-only survey, although identical questions in the two separate treatment 

surveys are numbered differently than those in the combination treatment sur
vey. Therefore, the questions are discussed according to the combination 

treatment survey designation (Appendix C) with appropriate cross-reference to 
the individual surveys (Appendices D and E). 

Question Format 

The human factors studies in the previous no-passing zone study ( 2) had 

contained open-ended questions in the first series, followed by an extensive 
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series of closed questions (objective multiple choice format) as patterns of 
responses developed. The questions in this survey were all objective type 
although space was provided for additional comments for each question. In 
additions many of the questions contained the rating scales to quantify res
ponse conviction. 

QUESTIONS 1, 2, AND 3 -- CONTROL QUESTIONS 

As discussed previouslys the first three questions were identical on all 
surveys. The objective of these questions was to determine if a subject 
understood the intent of the conventional solid yellow line with respect to 
"clipping", "jumping", and prohibition of passing throughout the length of the 
yellow line. Those subjects who responded incorrectly to these questions were 
removed from further evaluation. Forty-six of the 150 surveys received were 
eliminated from the sample due to incorrect responses to at least one of the 
control questions leaving a sample of 104 surveys. 

CORRECT INTERPRETATION OF EXPERIMENTAL TREATMENTS (Table F-1) 

Questions 4 and 5 of each survey were included to determine subjects' in
terpretation of the meaning(s) of the experimental treatment. It was desired 
to determine: 

1. How many subjects deduced the three specific meanings (and only 
these), 

2. How many subjects misinterpreted the treatment meanings and 
3. How many subjects recognized the position of the no-passing zone with 

respect to the device. 

The situation in Question 4 under which subjects were to evaluate the 
meaning was one in which the driver was not passing -- merely driving along 
the highway and observing the treatment. All drivers who were surveyed had 
traveled through at least five no-passing zones before being considered as a 
subject. Only drivers who executed a passing maneuver or were presented ample 
opportunity to pass within the treated site were considered as subjects. 
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Table F-1 summarizes the number of subjects who totally understood the 

intended meaning of the experimental treatment and those who deduced the three 

meanings but also checked at least one incorrect meaning. None of the 33 com

bination survey subjects correctly responded to only the .. correct .. answers to 

Question 4 (i.e., they did not check any incorrect responses). 

Six of the 28 sign-only survey subjects responded absolutely correctly 

(no incorrect responses), and 4 of the 43 marking-only survey subjects checked 

all 11 Correct11 rsponses. Therefore, slightly less than 10 percent (9.6 per

cent) of the 104 subjects demonstrated total understanding of the three in

tended meanings of the experimental treatments. An additional six subjects 

checked all 11 Correct11 responses plus at least one "incorrect .. response. The 

common 11 incorrect11 response for these six subjects was misinterpretation of 

where the no-passing zone started with respect to the device and that they 

could not begin to pass beyond the point where they could first see the de

vice. They indicated that the no-passing zone started shortly beyond the de

vice (rather than immediately at the device. One of the six subjects also in

dicated that he (she) shouldn't be in the 1 eft 1 ane beyond the start of the 

dotted 1 i nes (response code 26). None of the 11 i ncorrect" responses represent 

a serious misinterpretation. Although these responses are technically incor

rect, from a safety aspect, operations under these interpretations would not 

be severely affected. Si nee the pennant sign can be seen at about 1200 ft 

(366 m), .. not beginning a pass beyond the point where the sign can first be 

seen" (Response 30) produces a slight safety margin. It does, however, in

crease the length of safe passing distance by about 500 ft (152 m) when this 

interpretation is made. 

The interpretation that 11 a no-passing zone will start shortly beyond the 

sign .. (Response 33) represents' a subjective evaluation of the term "shortly 

beyond. 11 If these subjects interpreted "shortly beyond" to mean merely a few 

feet (meaning that sign position and start of yellow line were not exactly 

aligned) the net effect on operation would be negligible. 
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Table f.J. S~ry of "Correct" Responses to Questions 4 and 5 --Driver Interpretation of Meaning 

North Carolina (N•41) Texas {N= 10) 

Combination Sign Harking Combination Sign Harking 

13 Surveys 8 Surveys 20 Surveys 10 Surveys 8 Surveys 10 Surveys 

N ~ N % N % N ~ N % N .. 
!!_ues t_i_o~-

Only all Correct Responses (l) 0 0 1 13 3 15 0 0 2 25 0 

All Correct plus some Incorrect 
Responses ( 2) 1 8 1 13 2 10 0 0 0 0 1 

-

!l!!.~t i 0'!._5_ 

OnJ.I. all Correct Responses 11 l 1 8 4 50 7 35 2 20 2 25 2 

All Correct plus Some Incorrect 
Responses ( 2) 0 0 0 0 0 0 0 0 0 0 0 

----~--- ~---~ -- ------ - ------ ~-

NOTES: 

(1) These subjects checked onlr_ the •correct" responses and no other incorrect responses. 

(2) These subjects checked the "correct" responses and at lease one incorrect response. The 
"all-correct-only" subjects are not ~ncluded in this sa~le. 

% 

0 

]0 

20 

0 

Utah (N=J5) 

Combination Sign M~rking 

10 Surveys 12 Surveys 13 Su,..veys 

N : N % N 2: 

.0 0 3 25 1 8 

0 0 1 8 0 0 

0 0 6 50 1 8 

1 10 1 8 1 8 



The situation in Question 5 under which the subjects were to evaluate the 

meaning was one in which the subject observed the treatment while in the act 

of passing another vehicle. The "correct" responses and "correct" plus at 

least one "incorrect" responses to Question 5 are summarized in Table F-1. 

Twenty-five of the 104 subjects ( 24 percent) checked only the correct res

ponses in the applicable surveys -- almost a threefold increase in demon

strated total understanding over the Question 4 driving situation. Only 3 

additional subjects checked all "correct" responses plus at least one addi

tional "incorrect" response. One of the three thought that he (she) must com

plete the pass before the dotted treatment (combination survey). The sign

only subject stated that it was legal to complete the pass beyond the sign. 

The marking-only subject stated that the pass could be completed beyond the 

far end of the dotted treatment. The former is a safe misinterpretation; the 

latter two indicated either that the subjects did not recognize the position 

of the solid yellow line or that they believed clipping was permitted. 

Three sign-only subjects answered all parts correctly but include some 

incorrect answers (at 1 east one). One checked Response Code 30 (incorrect) 

and two subjects checked Response Code 33 (incorrect). Although these re

sponses are technically incorrect, from a safety aspect, operations under 

these interpretations would not be severely affected. Since the pennant sign 

can be seen at about 1200 ft ( 366 m), "not beginning a pass beyond the point 

where the sign can first be seen" (Response 30) produces a slight safety mar

gin. It does, however, increase the length of safe passing distance by about 

500ft (152m) when this interpretation is made. 

The interpretation that 11a no-passing zone will start shortly beyond the 

sign" (Response 33) represents a subjective evaluation of the term "shortly 

beyond... If these subjects interpreted "shortly beyond" to mean merely a few 

feet (meaning that sign position and start of yellow line were not exactly 

aligned) the net effect on operation would be negligible. 
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Table F-2 contains a summary of responses to question 4 by the subjects 
from all States who received the three surveys categorized by individual sur
vey (Columns 1 through 10) and by total responses to identical questions in 
Columns 11 through 14. By comparing responses from subjects who observed the 
combination treatment with responses to identical questions by subjects who 
observed only the sign treatment or only the marking treatment, the relative 
effect of the individual components can be estimated. Intuitively, it would 
be expected that the level of understanding of a particular question (meaning) 
would be greater for those subjects who observed the combination treatment 
than for those subjects who observed only the sign treatment or only the mark
ing treatment. This can be evaluated by comparison of identical question re
sponses in Columns 11 through 12 and 13 through 14 with the appropriate combi
nation question responses in Columns 1 through 10 in Table F-2 • 

. Tables F-3, F-4, and F-5 present similar response data categorized by in
dividual State so that differences in interpretation among drivers in the 
three States can be identified. Tables F-3, F-4, and F-5 contain response in
formation by subjects from North Carolina, Texas and Utah, respectively. 

Combination Treatment Survey Responses (All 104 Subjects) 

The six "correct" responses (Codes 27, 28, 29, 32, 34, and 37) were in 
general well understood. (See Column 4, Table F-2.) With the exception of 
response Code 37, at least half of the subjects checked all the correct res
ponses. Only 18 percent of the subjects recognized that the no-passing zone 
began at the far end of the dotted marking whereas 55 percent of the subjects 
recognized that it began at the pennant sign. 

The most significant misinterpretations by a substanital percent of the 
subjects involved Response Codes 31 (33 percent) and 36 (42 percent). The 
misinterpretation of Response Code 36 infers that these subjects are consider
ing that the length of roadway containing the dotted lines is a no-passing 
zone rather than a pass completion zone. Although this would improve passing 
safety, it also decreases the length of roadway in which passing could be 
safely executed. 
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Table F-2. Responses to Juestion 4 -- Driver Undtrstanding of Treatments (All States, 104 Subjects) 

1 2 I 3 I 4 5 6 7 8 l 9 I 10 

Combination Treatment Survey Sign-Only Treatment Survey Harking-Only Treatment Survey 
(Ref. Appendix C) (N=33) (Ref. Appendix D) (tt-o28) (Ref. Appendix E) (N=43) 

Response 
Code 

Question Responses I Question Response I Question Responses I 

24 4.1 8 24 NA -- -- 4.1 15 35 

25 4.2 2 6 4.1 1 4 NA -- --
26 4.3 14 44 NA -- -- NA -- --
27 4.4• 20 61 NA -- -- NA -- --
28 4.5• 20 61 4.6* 14 50 4.2* 20 47 

29 4.6* 16 49 NA -- -- 4.3* 18 42 

30 4.7 15 46 4.5 8 29 NA -- --
31 4.8 11 33 NA -- -- 4.6 10 23 

32 4.9* 18 55 4.2* 15 54 NA -- --
·33 4.10 10 30 4.3 5 18 NA -- --
34 4.11* 21 64 4.4* 15 54 NA -- --
35 4.12 1 3 NA -- -- NA -- --
36 4.13 14 42 NA -- -- 4.4 9 21 

37 4.14* 6 18 NA -- -- 4.5* 13 30 

38 4.15 0 0 .__NA -- -- 4.7 5 12 
----

Notes 

N • Nun>er of ~leted surveys received 
Responses 2 Number of responses checked by subject for a given statement in survey 
I • (Number of responses/H) x 100 I 
Astrices indicate "correct" responses 

11 I 12 

Total Responses to Identical 
Questions on Combination 
Treatment & Sign-Only Surveys 
(N=61) 

Responses I 

NA --
3 5 

NA --
NA --
34 56 

NA --
23 38 

NA --
33 54 

15 25 

36 59 

NA --
NA --
NA --
NA --

--

13 14 

Total Responses to Identical 
Questions on Combination 
Treatment & Marking-Only 
Surveys 
(N=76) 

Responses % 

23 30 

NA --
NA --
NA --
40 53 

34 45 

NA -- I 

21 28 

NA --
NA --
NA --
NA --

. 23 30 

19 25 

5 7 
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Teble F-3. Responses to Question 4 -- Driver Understanding of Treatments (North Carolina Subjects) 

I 2 3 I 4 5 1 6 1 7 8 g I 10 

Combinetion Treatment Survey Sign-Only Treatment Survey Marking-Only Treatment Survey 
(Ref. Appendix C) (N•l3) (Ref. Appendix D) (Its 8) (Ref. Appendix E) 

Response 
Code 

Question Responses I Question Responses I Question Responses 

24 4.1 2 15 NA - - 4.1 5 

25 4.2 o· 0 Ll 0 n NA -
26 4.3 5 39 NA - - NA -
27 4.4* 8 62 NA - - NA -
28 4.5* 9 69 4.6* 5 63 4.2* 13 

29 4.6* 7 54 NA - - 4 .3* 9 

30 4.7 8 62 4.5 4 50 NA -
31 4.8 6 46 NA - - 4.6 6 

32 _4.9"' 6 46 4.2* 3 38 NA -
33 4 10 4 ll 4.3 2 25 NA -
34 4 11* Q I:Q 4/t' ' 25 NA -
35 1.12 0 0 NA - - NA -
36 4.11 4 11 NA - - 4.4 _l 

37 I 1, " 1Q NA - - 4.5" _g_ 

38 4 .1!; 0 0 NA - - 4.7 2 

Notes 

N • N1111ber of CCIIIIP1eted surveys received 
Responses • Nl.lllber of responses checked by subject for a gtven statement tn survey 
I • (N1111ber of responses/H) x 100 I 
Astr1ces indicate "correct" responses 

(N=20) 

I 

25 

-
-
-

65 

45 

-
30 

-
-
-
-

20 

45 

10 

11 12 

Total Responses to Identical 
Questions on Combination 
Treatment & Sign-Only Surveys 
(N=2l) 

Responses I 

- -
n n 

- -
- -

14 67 

- -
12 57 

- -
9 43 

6 29 

11 sz 
- -
- -
- -
- -

13 14 

Total Responses to Identical 
Questions on Combinetion 
Treatment & Marking-Only 
Surveys 
(N233) 

Responses I 

7 21 

- i -
- -
- - I 

22 67 

16 48 

- -
- -
- -
- -
- -
- -
8 24 

14 42 

2 6 
--- ---
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Table F-4. Responses to Question 4 -- Driver Understanding of Treatments (Texas Subjects) 

1 2 3 4 --- 5 6 7 8 l 9 l 10 ll 12 13 14 

Combination ~reatment Survey Sign-Only Treatment Survey Marking-Only Tredtment Survey Total Responses to Identical Total Responses to Identical 
(Ref. Appendix C) (N=lOj {Ref. Appendh D) {N=8) (Ref. Appendix E) (N= 10) Questions on ~ombination Questions on Combination 

Response Treatment & S1gn-Only Surveys Treatment & Harking-Only 
Code (N=18) Surveys 

(N=20) 

Question Pesponses S Question Response! 'l Question Responses S Responses S Responses S 

24 4. 1 2 20 NA -- -- 4. I 3 30 NA -- 5 25 I 
25 4. 2 1 10 4.1 0 0 NA -- -- 1 6 NA --

26 4.3 2 20 NA -- -- NA -- -- NA -- HI\ --

27 4.4* 5 50 NA -- -- NA -- -- NA -- NA --

28 4.5* 5 50 4.6* 2 25 4.2* 2 20 7 39 7 35 

29 4.6* 5 50 NA -- -- 4.3* 5 50 NA -- 10 50 

30 4.7 3 30 4.5 1 13 NA -- -- 4 22 NA --

31 4.8 1 10 NA -- -- 4.6 3 30 NA -- 4 20 

32 4.9* 6 60 4.2* 4 50 NA -- -- 10 56 NA --

33 4.10 2 20 4. 3 1 13 Nil -- -- 3 17 N4 --

34 4.11* fi 60 4.4* 6 75 NA -- -- 12 67 NA --

35 4. 12 1 10 NA -- -- NA -- -- NA -- NA --

_36 4.13 4 40 NA -- -- 4.4 3 30 NA -- 7 35 

37 4.14* 1 10 NA -- -- 4.5* 1 10 NA -- 2 1(1 

38 4.15 0 j!__ _ _NA -- _ -- 4.} 1 10 _ NA _ -- 1 5 

Notes 

N c NUMber of completed surveys received 
Responses • Number of responses checked by subject for a given statement in survey 
~ s (Number of responses/H) x 100 I 
Astrices fndfcate "correct" responses 



"TT 
I ...... 

N 

Table F-5. Responses to Question 4 -· Driver Understanding of Treatments (Utah Subjects) 

I 2 3 4 5 6 I 7 8 1 9 J 10 

Combination Treatment Survey Sign-Only Treatment Survey Marking-Only Treatment Survey 
(Ref. Appendix C) (N•lO) (Ref. Appendix D) (IP12) (Ref. Appendix E) 

Response 
Code 

Question Responses l Question Response l Question Responses 

24 4.1 4 40 NA - 0 4.1 7 
25 4.2 1 10 4.1 1 8 NA -
26 4.3 7 70 NA - - NA -
27 4.4* 7 70 NA - - NA -
28 4.5* 6 60 4.6* 7 58 4.2* 5 

29 4.6* 4 40 NA - - 4. 3* 4 

30 4.7 4 40 4.5 3 25 NA -
31 4.8 4 40 NA - - 4.6 1 

32 4.9* 6 60 4.2* 8 67 NA -
33 4.10 4 40 4.3 2 17 NA -
34 4.11* 6 60 4.4* 7 58 NA -
35 4.12 0 0 NA - - NA -
36 4.13 6 60 NA - - 4.4 2 

37 4.14* 0 0 NA - - 4.5* 3 

38 4.15 0 0 NA - - 4.7 2 -- --

Notes 

N " Number of completed surveys received 
Responses • Nllllber of responses checked by swject for a given stat~~~~ent in survey 
S • {N1111ber of responses/H) x 100 S 
Astrices indicate "correct" responses 

(N= lj 

l 

54 

-
-
-

39 

31 

-
8 

-
-
-
-

15 

23 

15 

11 I 12 13 I 14 

Total Responses to Identical Total Responses to Identical 
Questions on Combination Questions on Combination 
Treatment & Sign-Only Surveys Treabnent & Marking-Only 
(N= 22) Surveys 

(N•23) 

Responses l Responses l 

- - 11 48 

2 3 - -
- - - -
- - - -

13 59 11 48 

- - 8 35 

7 32 - -
- - 5 27 

14 64 - -
6 27 - -

13 59 - -
- - - -
- - 8 35 

- - 3 13 

- - 2 9 



Although Response Code 26 received a 44-percent misinterpretation, it is 
believed that the subjects may have misunderstood the question. The situation 
was one in which they were not passing (as opposed to question 5); therefore, 
they would have no reason to be in the 1 eft 1 ane. Hence, checking this res
ponse would be a viable answer. This interpretation is not an anticipated 
proper response, it is not an unsafe response and might be a logical answer 
under the driving situation. Operation under this interpretation would not 
affect passing opportunity distance. 

The 46-percent response rate to Response Code 30 coupled with the 55-per
cent response rate to Response Code 32 indicates that the subjects were using 
the visibility distance to the pennant sign to estimate remaining passing dis
tance. Although the visibility distance is actually greater than the needed 
pass completion distance for 55 to 70 mph (89 to 113 km/h) operations, this 
distance assessment would enhance passing safety. It would also reduce pass
ing opportunity distance. 

Considerably more subjects stated that they had no idea what the short 
dashed lines meant than what the sign meant. This is understandable because 
the dotted line treatment is absolutely unique having never been used in the 
country whereas the pennant, although not used to any great extent in the 
three study States, is used in more than half the States. It also displays a 
word message, NO-PASSING ZONE; which aids understanding. It is entirely prob
able that some subjects had observed the pennant sign while driving in other 
States where it is used. 

Sign-Only Treatment Responses (Table F-2) 

The three "correct meanings" (Codes 28, 32, and 34) were fairly well 
understood (50 percent being the lowest, with 54 percent being the highest); 
however, no single response was as well understood as the complimentary ques
tion in the combination survey, although Code 32 was rated almost even. (Com
pare Columns 4 and 7, Table F-2). 

Again, a fairly large percentage (29 percent) of the subjects interpreted 
Response Code 30 as being one of the intended meanings. 
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Marking-Only Survey (Table F-2) 

The three "correct meanings" (Codes 28,29, and 37) received the highest 
response frequency. Forty-two percent of the subjects recognized that the 
dotted line meant not to begin a pass (Code 29). The percentage of subjects 
that recognized that the no-passing zone began at the far end of the dotted 
treatment increased (from 18 to 30 percent) when only the marking treatment 
rather than the combination treatment was observed. 

The percentage of subjects checking "I do not have any idea what the 
short dashed lines mean" (Code 24) was higher for the markings only treatment 
than for the combination treatment. This was expected because it is a truly 
unique device and is based on knowledge of a broken line pattern intent plus 
position with respect to the centerline. Also, the pennant sign in the com
bination would aid in deduction of intent. 

Combination and Sign-Only Survey - Identical Questions 

Comparing Columns 4 and 11 indicates that when all applicable data were 
merged, producing a sample of 53 responses for identical questions, no signi
ficant differences in response selecti~n were evident. 

Combination and Marking-Only - Identical Questions 

When responses for all parts of question 4 pertaining to the meaning of 
the marking treatment were merged (Column 13, Table F-2), no appreciable 
changes in response patterns were evident, except in the identification of the 
beginning of the no-passing zone with respect to the dots. (Comparison of 
Columns 4 and 14.) 

The responses to Code 36 illustrate that those drivers in the combination 
zones were more 1 ikely (42 percent to 30 percent) to believe that the no
passing zone began at the beginning of the dots as were those drivers in the 
marking-only zone. Those drivers in the marking-only zones were more likely 
(25 percent to 18 percent) to recognize that the no-passing zone began at the 
end of the markings. 
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Combination Treatment Comparison of Individual State Responses 

Comparison of responses to similar questions indicates that subjects in 
all three States did not differ appreciably in their interpretation of mean
ings. Correct responses are indicated by astrices in Tables F-3, F-4, and 
F-5. There was no appreciable difference between State responses to Res
ponse Codes 27, 28, 29, 32, and 34 with the exception that North Carolina sub
jects indicated only a 46-percent understanding level whereas about 60 percent 
of the other two State subject samples recognized that a no-passing zone would 
start at the sign (Response Code 32). 

Also, the understanding level for Response Code 37 was unusually low in 
all three States (range from 0 to 39 percent). Only one Texas subject and no 
Utah drivers indicated that they recognized that the no-passing zone started 
at the far end of the dotted treatment. 

About twice as many Utah drivers as other survey subjects indicated that 
they did not know what the dotted lines meant (Response Code 24). 

Sign-Only Treatment Comparison of individual State Responses 

Comparison of responses to identical questions about the intended meaning 
of the sign revealed a few differences between the states. In Texas only 25 
percent of the drivers surveyed responded correctly to, "a no-passing zone is 
coming up ahead," (Code 28) whereas both North Carolina and Utah rated over 50 
percent understanding level to the question. 

Both Texas and Utah demonstrated an understanding level of over 50 per
cent to the knowledge that the no-passing zone started at the sign (Codes 32 
and 34), but North Carolina demonstrated less than a 40 percent understanding 
1 evel. 

Marking-Only Treatment Comparison of Individual State Responses 

Comparisons of simi 1 ar questions concerning the intended meaning of the 
marking reveals that twice as many subjects in North Carolina understood that 

F-15 



the no-passing zone started at the end of the marking (Code 37), as did the 
subjects in both Texas and Utah. 

Also, the understanding level for Response Code 28 varied widely between 
the States, with 65 percent of the North Carolina subjects understanding that 
the marking warned of an approaching no-passing zone, and only 20 percent of 
the Texas drivers displayed this understanding. Utah subjects were in the 
middle of that range with 39 percent demonstrating knowledge of the upcoming 
no~passing zone. 

QUESTION 5 -- MEANING OF EXPERIMENTAL TREATMENT 

Question 5 differed from question 4 in that it was developed to elicit 
drivers' interpretation of the meaning of the experimental treatment when they 
observed it while executing 2_ passing maneuver rather than merely driving 
along the highway. The 11 Correct responses 11 to question 5 are indicated by 
astrices in Tables F-6 through F-9. 

By checking Response Codes 45, 61 percent of the subjects recognized that 
they must complete their pass before reaching the sign. This coupled with a 
73 percent response level of subjects that recognized that the treatment indi
cated an upcoming no-passing zone, indicates that the subjects demonstrated a 
good understanding of the 1 ocati on end meaning of the pennant sign. (See 
Column 4, Table F-6.) This is further amplified by the fact that 86 percent 
and 57 percent understanding levels were demonstated for the same responses by 
subjects observing only the pennant sign treatment (Column 7, Table F-6). 
Without the sign, only 51 percent· of the subjects (Column 10, Table F-6) re
sponded correctly to Response Code 50. 

The third correct answer in the combination survey (Code 48) received a 
low rating of understanding (21 percent), but 40 percent of the marking-only 
subjects recognized this meaning. A fairly high percentage (26 percent of 
marking-only subjects, Column 10, and 42 percent of combination subjects, 
Column 4) erroneously interpreted Response Code 44. This indicates that they 
believed the dotted treatment to be a no-passing zone rather than a pass com
pletion zone. 
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Table F-6. Responses to ~uestion 5 --Driver ~nderstanding of ~reatments (All States, 104 Subjects) 

1 

Response 
Code 

41 

42 

43 

44 

45 

46 

47 

48 

49 

so 

- r 2 3 4 5 6 7 8 9 10 

Combination ~reatment Survey Sign-Only Treatment Survey Marking-Only Treatment Survey 

(Ref. Appenoi~ Ci (N=j3) (Ref. Appendix O) (N=28) (Ref. Append;x E) (Nz43) 

Question Responses '1: Question 'lesponses ~ Question Responses % 

5.1 2 6 5.1 0 0 NA -- --
5.2 5 15 NA -- -- 5.1 12 28 

5.3 2 6 5.2 0 0 NA -- --
5.4 14 42 NA -- -- 5.3 11 26 

5.5* 20 61 5.3* 24 86 NA -- --
5.6 1 3 5.4 3 11 NA -- --
5.7 1 3 NA -- -- 5.2 0 0 

5.8* 7 21 NA -- -- 5.4* 17 40 

5.9 2 6 NA -- -- 5.5 1 2 

5.10* 24 73 5.5* 16 57 5.6* 22 51 
--- ~ - ---- --- - - -

~ 
N • Number of completed surveys received 
Responses "' Number of responses checked by subject for a given statement in survey 
I • (Number of responses 1 N) x 100 I 
Astrices indicate "correct" responses. 

11 l 12 

Total Responses to Identical 
Questions on Combination 
Survey & Sign-Only Survey 
{N=6l) 

Responses ' 
2 3 

NA --

2 3 

NA --
44 72 

4 7 

NA --
NA --
NA --
40 66 

------ - ------

13 14 

Total Responses to Identical 
Questions on Combination 
Survey & Marking-Only Sur~ey 
(N= 76) 

Responses ' 
NA -- i 

-
' 17 22 

NA --
25 33 

NA --
NA --
1 1 

24 32 

3 4 

46 61 
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Table F-7. Responses to Question 5 -- Driver Understanding of Treatments {North Carolina Subjects) 

1 

Response 
Code 

41 

42 

43 

44 

45 

46 

47 

48 

49 

50 

2 3 4 5 6 7 8 9 10 

Combination Treatment Survey Sign-Only Treatment Survey Marking-Only Treatment Survey 
{Ref. Appendix C) {N=lJ) {Ref. Appendix D) {N= 8) {Ref. Appendix E) {N• 20) 

Question Responses l Question Responses l Question Responses l 

5.1 0 0 5.1 0 0 NA - -
5.2 2 15 NA - - 5.1 5 25 

5.3 0 0 5.2 0 0 NA - -
5.4 7 54 NA - - 5.3 4 20 

5.5* 10 77 5.3* 7 88 NA - -
5.6 0 0 5.4 1 13 NA - -
5.7 0 0 NA - - 5.2 0 0 

5.8* 3 23 NA - - 5.4* 10 50 

5.9 0 0 NA - - 5.5 0 0 

5.10* 10 77 5.5* 5 63 5.6* 11 55 

Notes 
N • Number of completed surveys received 
Responses • Number of responses checked by subject for a gfven statement in survey 
I • {Number of responses 1 N) x 100 I 
Astrices indicate "correct" responses 

11 I 12 

Total Responses to Identical 
Questions on Combination 
Survey & Sign-Only Survey 
{N= 21) 

Responses l 

0 0 

- -
0 0 

- -
17• 81 

1 5 

- -
- -
- -
15* 71 

13 14 

Total Responses to Identical 
Questions on Combination 
Survey & Marking-Only Survey 
{N= 33) 

Responses I I 
I 

- -
7 21 

- -
11 33 

- -
- -
0 0 

13* 39 

0 0 

21* 64 
-
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Table F-8. Responses to Question 5 -- Driver Under~tanding to Treatment~ {Texas Subjects) 

1 

Response 
Code 

41 

42 

43 

44 

45 

46 

47 

48 

49 

50 

2 3 I 4 5 6 T 7 8 l g 10 

Combination Treatment Survey Sign-Only Treatment Survey Marking-Only Treatment Survey 
{Ref. App~ndix C) (N=lO) {Ref. Appendix D) (N=8 ) (Ref. Appendix £) (N=lO) 

Question Responses , Question Responses l Question Responses l 

5.1 1 10 5.1 0 0 NA -- --
5.2 I 10 NA -- -- 5.1 2 20 

5.3 1 10 5.2 0 0 NA -- --
5.4 2 20 NA -- -- 5.3 4 40 

5.5* 6 60 5.3* 15 75 NA -- --
5.6 1 10 5.4 I 13 riA -- --
5.7 1 10 NA -- -- 5.2 0 0 

5.8* 3 30 NA -- -- 5.4* 4 40 

5.9 2 20 NA -- -- 5.5 0 0 

5.10* 7 ~ .. _JJL - 5.5* 3 38 5.6* 5 50 
-- -· 

Notes 
N • Number of cOMpleted surveys received 
Responses • Number of responses checked by subject for a given statement in survey 
I • (NUIIIber of responses/ N) x 100 I 
Astrices indicate "correct" responses 

II 12 13 I 14 

Total Responses to Identical Total Responses to Identical 
Questions on Combination Questions on Combination 
Survey & Sign-Only Survey Survey & Marking-Only Survey 
{N=18) {N=20) 

Responses l Responses l 

I 6 NA -- I 

I 

NA -- 3 15 

I 6 NA --
NA -- 6 30 

12 57 NA --
2 12 NA --

NA -- 1 5 

NA -- 7 35 

NA -- 2 10 

10 56 12 60 
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Table F-9. Responses to Question 5 -- Driver Understanding to Treatments (Utah Subjects) 

1 

Response 
Code 

41 

4? 

43 

44 

45 

46 

47 

48 

49 

50 

2 3 I 4 5 6 7 8 I 9 I 10 

Combination Treatment Survey Sign-Only Treatment Survey Marking-Only Treatment Survey 
(Ref. Appendix C) (N:IO) (Ref. Appendix D) (N=J2) (Ref. Appendix£) (N• 13) 

Question Responses I Question Response5 I Question Responses I 

5 .. 1 1 10 5. I n n NA n n 

li ' 2 ?0 NA - - 5.1 5 39 

5.3 1 10 5.2 0 0 NA - -
5.4 5 50 NA - - 5.3 3 23 

5.5 4 40 5.3 11 92 NA - -
5.6 0 0 5.4 1 8 NA - -
5.7 0 0 NA - - 5.2 13 100 

5.8 1 10 NA - - 5.4 3 23 

5.9 0 0 NA - - 5.5 1 8 

5.10 7 70 _5.5_~-- 67 5.6 -- 6 ___ 46 

Notes 
N • Number of completed surveys received 
Responses • Number of responses checked by subject for a given statement in survey 
I • (Number of responses 1 N) x 100 I 

11 12 13 14 

Total Responses to Identical Total Responses to Identical 
Questions on Combination Questions on Combination 
Survey & Sign-Only Survey Survey & Marking-Only Survey 
(N= 22) (N= 23) 

Responses I Responses I 

I 5. - -
' - - 7 30 

I 5 - -
- - 8 35 

15 70 - -
I 5 - -
- - 13 57 

- - 4 17 

- - 1 4 

15 70 13 57 
---



When responses to identical questions (Columns 11 through 14, Table F-6) 
were merged, the ability of either device to denote that a no-passing zone was 
being approached (Code 50) was 66 percent for combination and sign-only and 61 
percent for combination and marking-only. It appears that the pennant was 
understood better than the dotted 1 ine treatment to denote where the pass 
should be completed (72 percent versus 32 percent, Column 12, Code 45 and 
Column 14, Code 48 respectively). 

In comparing differences among States (Tables F-7 through F-9), subjects 
from all States equally understood that the experimental treatment indicated 
an upcoming no-passing zone (Column 4, Code 50). North Carolina and Texas 
subjects generally recognized that they must complete the pass at or before 
reaching the sign (code 45), but only 40 percent of Utah subjects recognized 
this meaning. Similarly, half of the Utah andNorth Carolina subjects mis
interpreted the dotted line as being a no-passing zone (Code 44). 

More than two-thirds of the subjects who saw only the sign treatment in 
all three States understood they were to complete their pass at or before the 
pennant sign (Column 7, Code 45). Less than 40 percent of the Texas subjects 
understood that the sign meant they were approaching a no-passing zone (Code 
50), but more than 60 percent of the subjects in both North Carolina and Utah 
understood the intended meaning. 

About one half of the subjects in the three States that saw the marking 
only treatment, understood that the marking was intended to warn them that 
they were approaching a no-passing zone (Column 10, Code 50). One half of the 
North Carolina subjects understood they could pass in the markings but had to 
complete their pass before the end of the marking (Code 48), whereas 40 per
cent of the Texas subjects and only 23 percent of the Utah subjects understood 
this meaning. None of the Texas or North Carolina subjects responded that the 
marking did not apply because they were already passing (Column 10, Code 47). 
Every Utah subject responded that the marking did not apply to them while they 
were in the act of passing. 
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QUESTION 6 -- EVALUATION OF SOLID YELLOW LINE (Table F-10) 

Question 6 was asked in all surveys to determine how well subject drivers 
thought that the conventional solid yellow line satisfied their passing infor
mational needs. Table F-10 presents the weighted response rankings (scale 1 
to 13) for the subjects from each State responding to the question in each 
survey and the composite rankings of all subjects. 

The overall weighted agreement to the statement for each State was in the 
"Undecided 11 to "Moderately Agree .. range. Almost one third of the responses 
(30 percent) were in the "Totally Disagree .. to 11 Undecided 11 range, with 24 per
cent being within the 11 Moderately to Totally Disagree .. ranking category. 
Forty-five percent 11Strong1y Agreed .. or 11 Totally Agreed" that the current de
marcation system was adequate. About 55 percent of the subjects at best only 
"Moderately Agreed 11 that it was adequate. 

QUESTION 7 -- ASSISTANCE OF EXPERIMENTAL TREATMENT IN PASSING SITUATIONS. 

Question 7 contained 14 situations (operational, environmental, geomet
ric) which subjects were asked to rate their opinion regarding the degree of 
assistance the particular experimental treatment would offer them. The 
weighted response rankings for each survey are presented in Table F-11. 

The situations presented in the surveys, with the exception of 11 approach
ing a hill 11 (ite1n 7(m)) represented situations in which the solid line above 
is believed to be somewhat inadequate. Many of the situations were identified 
in the previous passing study (l) as creating visibility (hence, operational) 
problems to passing drivers. The intent of the question, therefore, was to 
determine quantitatively the relative weaknesses of the solid line for each 
situation and to objectively determine the strengths of the experimental 
treatments toward alleviating the problem. 
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Table F-10. Responses to Question 6 --Opinion Rating of Solid 
Yellow Line to Denote No-Passing Zone 

··-

1 2 3 4 5 6 7 8 

Response Rating 

9 

Survey N. Carol ina Texas Utah Average 

N R N R 

Combination Treatment 11 7.9 9 11.0 

Sign Only Survey 7 8.6 7 9.3 

Marking Only Survey 18 8.8 6 10.2 

Average 36 8.5 22 10.2 

Notes 
N = Number of subjects responding to question 
R = Rating (See Appendices C, D, E) 

N R N R 

10 8.5 30 9.0 

12 7.9 26 8.5 

12 9.8 36 9.4 

34 8.7 92 9.0 

Ratings are weighted ratings on scale of 1 to 13 (See Appendices C, D, E) 
Average is weighted average on scale of 1 to 13 (See Appendices C, D, E) 
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Table F-11. Responses to Question 7 -- Treatment Assistance in Passing Situations 

r--
3 1 4 1 8 I 10 l II l 12 13 I 14 J 15 I 16 1 2 5 6 7 9 17 

Combination Survey Sign-Only Survey 

N. Carol ina Texas Utah Average N. Carol ina Texas 

(a) One !:ar 

(b) One Cn 

(c) 7ruck 

(d) Night 

(e) Day 

(f) Dusk/Dawn 

(g) !lain 

(h) Fog 

(1) Snowing 

(j) Sun Glare 

(k) Curve Rt. 

(1) Curve Left 

(r.) Hi 11 

(n) Hidden Dip 

N R N R N R N ll 

8 10.4 8 7.4 10 8.8 26 8.9 

a 10.8 8 7.1 7 8.9 23 8.9 

9 10.9 8 8.0 9 10.3 26 9.8 

10 9.4 8 10.1 9 10.3 27 9.9 

8 9.5 8 8.0 10 8.3 26 8.6 

10 10.1 8 9.1 9 10.0 27 9.8 

11 9.4 8 8.5 9 10.3 28 9.4 

10 9.5 8 9.0 9 11.2 27 9.9 

11 9.7 8 9.5 9 11. 1 28 10.1 

9 9.8 8 9.3 9 10.0 26 9.7 

9 8.2 8 9.8 9 10.1 26 9.4 

10 8.3 8 9.8 9 10.1 27 9.3 

9 9.4 8 9.5 9 9. 7 26 9.5 

10 9.9 8 8.8 9 9.1 27 9.3 

Note 
N ~ Number of subjects respondin9 to question 
R • Rating (See Appendices C,O,E) 

N R N R 

7 9.3 5 9.2 

6 12.5 6 8.5 

7 11.0 6 9.5 

7 10.4 7 9.7 
7 10.1 ? 10.0 

7 10.7 7 10.0 

7 10.7 7 9.6 

6 11.2 6 8.2 

7 11.1 7 9.1 

6 10.8 6 7.5 

6 10.8 6 9.2 

6 10.5 6 8.7 

7 10.4 6 9.8 

7 10.4 6 9.5 

Ratings are weighted ratings on scale of 1 to 13 (See Appendices C,O,[) 
Average is weighted average on scale of 1 to 13 (See Appendices C,O,E) 

Utah 

N I! 

10 9.7 

10 10.5 

10 10.5 

10 10.7 

10 10.5 

10 10.7 

10 11.3 

10 10.7 

10 11.4 

10 10.3 

11 10.2 

11 9.5 

10 10.6 

11 10.2 

Average 

N R 

22 9.5 

22 10.5 

23 10.4 

24 10.3 

24 10.2 

24 10.5 

24 10.6 

22 10.2 

24 10.6 

22 9.7 

23 10.1 

23 9.6 

23 10.3 

24 10.1 

18 19 I 20 21 22 
-- r r--l 

23 24 25 J 
Marking-Only Survey 

~- Carolina Texas Utah ·he rage 

N R ~ P. N R N R 

14 9.9 ? 5.0 9 8. 3 26 8.A 

15 10.8 ' i 10.3 9 8.9 2E 10.1 

16 10.9 : 11.0 10 9.3 31 10.4 

16 12.1 5 i 11.6 10 8.9 31 11.0 

15 10.4 3 lt0.3 10 7.9 ?8 9.5 

14 9.9 3 10.3 10 9.1 27 9.6 

15 10.6 4 ll.O 10 9.5 29 10.3 

16 10.4 :l 11.4 10 9.5 31 10.3 

15 9.2 ! 12.0 9 8.6 25 9.1 

' 15 9.7 3 i !I). 7 10 8.4 28 9.3 

15 11.5 4 !0.0 10 9.1 29 10.5 

15 11.3 ! 
10 8.1 10.0 t I 10.0 29 

16 9.9 5 jll.8 10 7.9 31 9.6 

16 10.3 s 1 11.0 10 8.5 31 9.8 



On the basis of average ratings (Columns 9, 17, and 25, Table F-11) the 

"pennant-only.. survey revealed the highest average rating for all situations 

except four which were received by the marking-only survey. The marking-only 

received slightly higher ratings for "night", "fog" and "right and left curve" 

situations. The "truck" situation tied for the highest rating in both the 

pennant-only and marking-only. The individual treatments received higher 

average ratings than the combination treatment. 

The situations that consistantly received high ratings (agreement that 

the treatment would be helpful) included "truck", "night", "rain", 11 fog", and 

"snowing... These situations received a rating of at least 10.0 which is 

s 1 i ghtly 1 ess than "strongly agree... The geometric situations received rat

ings between 9 and 10 which indicates that these situations pose less opera

tional problems. Apparently drivers receive better visual cues from these 

features regarding safe passing operations. 

QUESTION 8 -- RECOGNITION OF DIFFERENCE BETWEEN DOTTED LINE AND CENTERLINE 

The concept of the dotted 1 i ne treatment is based on the premise that 

drivers recognize that a solid line is "prohibitive .. whereas a broken line is. 

"permissive ... If the short dotted line was to be placed to the right of a 

normal centerline pattern, it was important that it be highly recognizable as 
being different. If it appeared to be merely another painted line similar to 

the stripe/gap pattern of a normal centerline, it could be confused with a 
11 painting error .. or a divided two lane highway which is being used experimen-, 
tally by one State to provide greater separation between opposing vehicles. 

Question 8 was intended to quantify how rapidly subject drivers recognized 

that it was not a 11 painting error" as they traveled through successive zones 

containing the experimental markings. 

Table F-12 presents the responses to this question. The overall average 

response ratings of 10.1 and 10.3 for the two treatments containing the mark
ing indicate that the desired recognition was quite rapidly achieved. 
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Table F-12. Responses to Question 8 (Combination Treatment Survey) and 
Question 8 (r~arking Only Survey) -- Recognition of Difference 
Between Dotted Line and Centerline 

1 2 3 4 5 6 7 

Response Ratings 

Treatment N. Carolina Texas 

N R N R 

Combination TrP.atment 11 10.8 10 9.0 

Marking Only Treatment 18 9.9 6 11.8 

Notes 
N = Number of subjects responding to question 
R = Rating (See Appendices C, D, E) 

Utah 

N R 

9 10.3 

10 10.1 

8 9 

Average 

N R 

30 10.1 

34 10.3 

Ratings are weighted ratings on scale of 1 to 13 (See Appendices C, D, E) 
Average is weighted average on scale of 1 to 13 (See Appendices C, D, E) 

Table F-13. Responses to Question 9 (Combination Treatment Survey) and 
Question 8 (Sign Only Survey) -- Recognition of NO-PASSING 
ZONE Pennant Signs 

1 2 3 4 5 6 7 8 9 

Response Ratings 

Treatment N. Carolina Texas Utah Average 

N R N R N R N R 

Combination Treatment 12 11.0 10 10.4 9 10.8 31 10.7 

Sign Only Treatment 7 11.9 7 9.4 12 10.4 26 10.5 
Notes 
N = Number of subjects responding to question 
R = Rating (See Appendices C, D, E) 
Ratings are weighted ratings on scale of 1 to 13 (See Appendices C, D, E) 
Average is weighted average on scale of 1 to 13 (See Appendices C, D, E) 
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QUESTION 9 -- RECOGNITION OF NO-PASSING ZONE PENNANT SIGNS (Table F-13) 

The NO-PASSING ZONE pennant sign is unique in signing principle in two 

aspects -- unique shape and unique placement. It is the only sign approved 

for solely left-side placement. Its unique aspects, both of which are condu

cive to visibility and recognition, are highly desirable. It has been advo

cated by many traffic engineers that the word message, NO-PASSING ZONE, is not 

absolutely necessary. It is believed that the sign is a 110ne-time learning .. 

device and that, after education, the meaning is conveyed by the unique shape 

and placement characteristics. To test this hypothesis, question 9 was in

cluded in the combination survey (question 8 in the sign-only survey). If the 

sign is highly recognizable at visibility distances well beyond the message 

legibility distance, two important considerations are offered. The sign in

tent can be clearly conveyed at considerable distance upstream, and sign fab

rication costs caul d be reduced eventually by omissi on of the message as is 

being done with other symbolic signs. 

The high response rating (10.7 for combination and 10.5 for sign-only) in 

Table F-13 (Column 9) indicate that, after early education, drivers easily 

recognize the pennant sign at distances greater than the legibility distance 

of the word message on the sign. 

QUESTION 10 -- RECOGNITION THAT DOTTED LINES MEANT 11 APPROACHING A NO-PASSING 

ZONE" (Table F-14) 

One of the most important intended meanings of the advance treatments was 

that they convey to the driver that 11 a no-passing zone was being approached 11
• 

Question 10 (combination treatment survey) and question 9 (marking-only sur

vey} were asked to objectively determine the relative capability of the dotted 
line to convey this meaning. Table F-14 presents the response ratings for the 

subjects• assessment of the capability to convey this meaning. The generally 

high ratings, 9.3 for combination and 10.2 for marking-only treatment, agree 

with the responses to this meaning indicated in questions 4 and 5. Of the 

three intended meanings, this was the most clearly understood. 
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Table F-14. Responses to Question 10 (Combination Treatment Survey) and 
Question 9 (Marking-Only Survey) -- Recognition that Dotted 
Lines ~1eant 11 Approaching a No-Passing Zone 11 

1 9 

Response Ratings 

Survey N. Carolina Texas Utah Average 

N R N R N R N R 

Combination Treatment 11 9.0 10 9.1 9 9.8 30 9.3 

Marking Only Treatment 17 10.6 6 9.0 11 10.3 34 10.2 

Notes 
N = Number of subjects responding to question 
R = Rating (See Appendices C, D, E) 
Ratings are weighted ratings on scale of 1 to 13 (See Appendices C, D, E) 
Average is weighted average on scale of 1 to 13 (See Appendices C, D, E) 

Table F-15. Responses to Question 11 (Combination Treatment Survey) and 
Question 9 (Sign Only Survey) -- Recognition that Pennant 
Sign Meant "Approching a No-Passing Zone" 

1 2 3 4 I 5 6 1 7 

Response Ratings 

Survey N. Carolina Texas 

N R N R 

Combination Treatment 12 9.9 10 9.6 

Sign Only Treatment 8 11.1 7 9.4 

Notes 
N = Number of subjects responding to question 
R = Rating (See Appendices C, D, E) 

Utah 

N R 

9 10.2 

12 11.4 

8 I 9 

Average 

N R 

31 9.9 

27 10.8 

Ratings are weighted ratings on scale of 1 to 13 (See Appendices C, D, E) 
Average is weighted average on scale of 1 to 13 (See Appendices C, D, E) 
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QUESTION 11 -- RECOGNITION THAT THE PENNANT SIGN MEANT "APPROACHING A 

NO-PASSING ZONE" (Table F-15) 

Since the pennant sign displays the message, "NO-PASSING ZONE", it was 
anticipated that the device would receive a high rating for its ability to 

convey that it designated the start of a no-passing zone. To convey 

"approaching a no-passing zone" is dependent on the upstream distance at which 

it is recognizable, once the sign is seen and understood. The generally high 

response ratings, 9.9 for combination and 10.8 for pennant-only treatment, in 

Table F-15 indicate that drivers could quickly recognize that the pennant con

veys this intended meaning very satisfactorily. 

Comparison of the respective ratings for the dotted line and the pennant 

(Table F-14 versus Table F-15) indicates that the meaning was more quickly 
recognizable with the pennant than with the dotted line treatment. 

QUESTION 12 -- OPINION RATING FOR COMBINED INSTALLATION (Table F-16) 

The combination treatment survey concluded with a question to determine 

how strongly subjects thought that the sign alone, the marking alone, or the 

combination treatment should be installed by their State Department of Tran

sportation. The response ratings are presented in Table F-16. Subjects' 
opinion ratings were between ''Moderately Agree" and "Strongly Agree" for in

stallation of the combination treatment. The ratings for both individual 

treatments were in the "Undecided to Moderately Disagree" ranking category. 

It is to be anticipated that subjects would rank "combination" higher 

than either of the individual components merely because "if both components 
are favorable, the sum of the two llllst be more favorable." Therefore, the 

relative difference in rating values becomes more important than the absolute 
value. The responses to question 12 in the combination survey (where each 

subject observed the whole treatment) must be evaluated with respect to the 
responses of those who saw only one of the individual elements. Table F-17 

presents these responses. 
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Table F-16. Responses to Question 12 (Combination Treatment Survey) 
Opinion Rating for Installation of Sign, Marking or 
Combination by State Department of Transportation 

1 2· 3 4 5 6 7 8 9 

Response Ratings 

Treatment N. Carolina Texas Utah Average 

N R N R N R N R 

(a) Dotted Line Only 3 5.7 5 6.2 4 6.8 12 6.3 

(b) Pennant Sign Only 4 5.8 5 8.2 5 5.2 14 6.4 

(c) Dotted Line & Sign 8 11.1 10 8.2 9 10.4 27 9.8 

Notes 
N = Number of subjects responding to question 
R = Rating (See Appendices C, D, E) 
Ratings are weighted ratings on scale of 1 to 13 (See Appendices C, D, E) 
Average is weighted average on scale of 1 to 13 (See Appendices C, D, E) 

Table F-17. Responses to Question 10 (Signs Only Survey) and Question 10 
(Marking Only Survey) -- Opinion Rating for Installation of 
Only Sign or Marking by State Department of Transportation 

1 

Response 

Treatment N. Carol ina Texas 

N R N R 

Pennant Sign Only 8 9.6 7 9.9 

Dotted Lines Only 17 10.6 6 9.0 
Notes 
N = Number of subjects responding to question 
R = Rating (See Appendices C, D, E) 

Rating 

Utah Average 

N R N R 

12 9.3 27 9.5 

11 7.5 34 9.3 

Ratings are weighted ratings on scale of 1 to 13 (See Appendices C, D, E) 
Average is weighted average on scale of 1 to 13 (See Appendices C, D, E) 
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QUESTION 10 -- OPINION RATING FOR INDIVIDUAL INSTALLATION (Table F-17) 

The final question on the sign-only survey and the marking-only survey 
was asked to determine how strongly subjects thought that an individual treat
ment should be installed. These subjects saw only one component of the combi
nation treatment; therefore, their response ratings would reflect comparison 
to conventional marking (solid line) only. 

Table F-17 presents response ratings for each treatment. Both received 
ratings in the "Moderately to Strongly Agree" ranking category. As indicated 
in Table F-16, each element received about equal rating; however, the 11 Sum of 
both 11 principle can be ignored in the Table F-17 response ratings because 

I 

neither group of subjects observed the combination treatment. 

The rating for the combination treatment (Table F-16) was higher than the 
ratings for either the sign-only or marking-only treatments (Table F-17). The 
sign-only treatment received a slight margin of preference over the marking
only treatment. 
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APPENDIX G 

PASSING MANEUVER MEASUR~~ENTS 

INTRODUCTION 
The passing performance characteristics were measured to obtain data with 

which to evaluate the influence of the experimental treatments on passing per
formance with respect to the measures of effectiveness listed: 

1. Is there a reduction in "clipping" occurrence? 
2. Is there a reduction in "clipping" distance? 
3. Is there a reduction in aborted passes? 
4. Is there a reduction in passes initiated within 1000 ft (305 m) 

of the no-passing zone. 
5. Is there a reduction in total passing distance for vehicles 

initiating a pass within 1000 ft (305 m) of the no-passing zone? 
6. Is there a reduction in the number of passing zones through which 

a passing vehicle trailed before initiating a pass? 

This Appendix contains tabulated passing maneuver characteristics with 
which the above questions were evaluated. 

PASSING MANEUVER TYPES 
The number of passing maneuvers that were measured in the three States are 

listed in Table G-1. "Criterion passes" include those maneuvers in which: 

1. The pass was initiated within 1000 ft (305m) of the beginning of 
the no-passing zone, or 

2. The pass ended within 1000 ft {305 m) of the no-passing zone, or 
3. The pass involved a "clip" (returned to the right lane beyond the 

start of the solid yellow no-~assing stripe). 

These passes were considered to represent the only types at which the 
advance warning treatment could be expected to benefit the driver. 
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Table G-1. Summary of Passing Maneuvers Observed 

1 ? 3 4 I 5 

Before Data After Data 

No. of Vehicles No of Vehicles No of Vehicles No of Vehicles 
SITE Total Criterion Total Criterion 

NC-1 ( Dav) 247 52 140 56 

NC-2 (Day) 187 54 112 53 

NC-3 (Day) 164 55 159 45 

T-1 ( 1 ) (Day) 104 52 117 52 

T-2 ( 1 ) (Day) 87 56 - -
T-3 (1) (Day) 88 56 - -
T-2 (2) (Day) 100 63 82 49 

T-3 (2) (Day) 68 52 70 56 

T-2 ( 2) (Night) 115 61 77 54 

T-3 (2) (Night) 64 56 65 56 

U-1 (Day) 99 54 98 52 

U-2 (Day) 108 60 85 52 

U-3 (Day) 112 52 89 55 

TOTAL 1543 723 1094 580 

Notes: 
{1) Initial daytime passing data measured at Texas sites. 
{2) Data re-collected at Texas sites prior to night data collection. 
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Although all maneuvers in which subject vehicle passed the research 
vehicle anywhere within the study site were measured, only criterion passes 
were used to evaluate the effectiveness of the experimental treatment(s) except 
in evaluating the number of zones through which a vehicle trailed before passing. 
The methodology by which the data were collected, and descriptions of the study 
sites are discussed in Section 3 of the report. 

Table G-1 contains two sets of daytime "before" data for Texas sites T-2 
and T-3. The "before" data at these sites were collected early in the research 
effort. Later, the scope of the project was expanded to include day and night 
evaluation of the pennant sign and the dotted marking individually at these two 
field sites. The first data had been collected approximately one year before the 
nighttime data were to be collected; hence new daytime data were collected 
shortly before the nighttime data to assure consistency in sequencing the "before" 
and "after" data collection. Only the second data sets for sites T-2 and T-3 
daytime data were used in the analysis, although there were no appreciable 
differences between the two data sets. Merging the data would bias the sample 
size between comparisons of treatments. 

MEASURED DATA 
Tables G-2 through G-12 contain "before" and "after" data and the corres

ponding changes. These data represent the values which were used in the statis
tical evaluations. The tables are listed: 

Table G-2 
Table G-3 
Table G-4 
Table G-5 
Table G-6 
Table G-7 
Table G-8 

Table G-9 

Clipping Occurrence (All Passing Maneuvers) 
Clipping Occurrence (Criterion Passing Maneuvers) 
Average Clipping Distance (All Passing Maneuvers) 
Average Clipping Distance (Criterion Passing Maneuvers) 
Aborted Passing Maneuvers (All Passing Maneuvers) 
Aborted Passing Maneuvers (Criterion Passing Maneuvers) 
Pass Initiations Within 1000 Ft of The No-Passing Zone 
(All Passing Maneuvers) 
Pass Initiations Within 1000 Ft of The No-Passing Zone 
(Criterion Passing Maneuvers) 
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Table G-10 

Table G-11 

Table G-12 

DATA ANALYSIS 

Total Passing Distance For Vehicles Initiating A Pass 
Within 1000 Ft of The No-Passing Zone (Criterion Passing 
r~aneuver) 

Number of Passing Zones Through Which Vehicles Trailed 
Prior to Initiating A Pass (All Passing Maneuvers) 
Number of Passing Zones Through Which Vehicles Trailed 
Prior to Initiating A Pass (Criterion Passing Maneuvers) 

Five questions were examined using analysis of variance (ANOVA) techniques. 
Statistical analysis was not conducted on "aborted pass" data because very few 
aborted passes were observed (about 1 percent of observed maneuvers). The ANOVA 
statistical technique permits comparison of more than two samples by comparison 
of variances. The purpose is to determine how two or more independent variable 
conditions affect the outcome. Statistical F-tests were used to determine whe
ther or not treatments or States exhibited a significant effect on the perform
ance measure. The F-tests compared the variances of two samples to determine if 
they represent different populations. The calculated F-value is compared to a 
tabulated F-value. Treatments and States were analyzed to determine if they ex
hibited significant effects on the performance measure. 

ANOVA CONCEPT 

The ANOVA matrix tables were developed to contain Treatments (columns) and 
States (rows). The three treatments were Site 1 (Combination of NO-PASSING ZONE 
pennant sign and dotted marking), Site 2 (NO-PASSING ZONE pennant sign alone), 
and Site 3 (dotted marking alone). The differences between the "before" and 
"after" data for each State/site combination, X .. , were computed and placed in 

1J 
the appropriate matrix cell for that variable. 

The ANOVA technique and the F-test used are described below. An example is 
presented following the general description. Table G-13 illustrates general 
ANOVA matrix table nomenclature. 
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Table G-2. Clipping Occurrence (All Passing Maneuvers) 

~!>l!:...C::..!-l--li..=:U<I2.1~v-'+ l--'1'-'!'>~2 --1---'~'-'-7- __ ~ .. §_ __ l,!!l_,__J.?. ____ ..J ll~ 7. 31_-Jr.__:-:....,__+-_.:.-_"--1f----!1~0-+--.:!..5.:.:. 5~-J 

~N~l...:-2:__.:.::( D~a.:...y ~i f---1.:.51!_ -4--...:1.:...7 __ +-_1.;0_.:...· 7 ___ ~ ~-- __ ..!_4_ ___ _::12:..:·:6:_·-ll------1-.!1.,_. 9z..__+---"'::..' --1---~---1 

tiC- 3 ( Oc~y J 136 1 7 12. 5 156 18 11 . 5 1 - - 1 . 0 

~1_-_l_.:.:(o~a~y)~---ao_~~-1_R ___ ~ ___ 72_._5_+-___ 9} ___ ~-~~3~-~~~~4~.o: __ ~------4-------~--~s--~-~8:.:.5:__-4 

~- 7 (1 ) (Day) 82 (5 30. 5 

T- 3 ( i j( Day) 72 16 22.2 

I; -2(2)(0ay) 100 26 ?b.O 1:!2 ?6 31.7 0 5.7 

16 T-1(2)(Dayj ~0 "!4.!> 66 
f-.---+----+·----- ----+------
1•·!(<')\~gti il~ 41 35.7 66 313 57.6 
~~~~------+------+------r---__ , ______ ,_ 
b- J•:2J(Ngt) '.Jl (2 38.6 61 21 34.4 

24.2 
----~------~------+-----~-----~---~ 

4 

21.9 3 

10.3 

4.2 

U-1 (Day) 77 31 40.3 76 29 38.2 - • 2 2.1 
---1--

fc:-<' (D.;~) BJ 24 7f!.IJ 77 11! 25.0 - - 6 3.9 

~------~-----+------b-------------------~------~~-----~-----~-------+-------~-1 (Day) 84 13 15.5 72 20 27.8 12.3 

Table G-3. Clipping Occurrence (Criterion Passing Maneuvers) 

1 2 ) 4 5 6 7 8 9 10 11 

Change 

I Before liata After Ddtcl 
Increase Decrease I -

I N<•. vf v~h No. of Veh No. of Vet No. of Vel Nllllber of Number of 
:.ite Criterion C1ipjJing PercPnt Criterion Clipping Percent Vehicles Percent Vehicles Percent 

jNC-1 (Day) !>2 21 ~0.4 S6 17 30.4 - - 4 10.0 

NC-2 (Day) 54 17 I ~1. 5 53 11 20.8 - - 6 10./ 
1Nc- 3 (Dayi 55 17 J0.9 45 1? 26.7 - - 5 4.2 

T-1 (Day) ~2 17 32.7 52 12 23.1 - - 5 9.6 

T-2(1)(0dy) 56 24 42.9 - - - - - - -
T-3( 1) (Day) 56 16 28.6 - - - - - - -
T-2(2)(Davl 63 25 39.7 49 22 44.9 - 5.2 3 -

•••• 4 ·-·-
~-J(2)(0ay) 52 19 36.5 56 16 28.6 - - 3 7.9 

T-2(Night) 61 39 63.9 54 37 68.5 - 4.6 2 -
T-3(~ight) 55 22 40.0 56 21 37.5 - - 1 z:s· 
U-1 (Day) 54 30 55.6 52 28 53.8 - - 2 1.8 
L-2 (Day) 60 23 38.3 52 17 32.7 - - 6 5.6 

i,j- 3 (Day j 52 12 23.1 55 18 32.7 6 9.6 - -

G-5 



Table G-4. Average Clipping Distance (All Passing Maneuvers) 

1 2 3 1\ 5 6 7 8 9 10 11 

Before Data After lJata Chan~e 

- ---· ··- . - ·-· - .. -- --- . ·-- .. - _lnc · ... ___ .... - -- .. --~~>! -· ·~ 
llu ,r Vt·f• tf,, .. r '-b:t I A'i•J I lip ,.,, 

"' V"l floo II r ~t•f A~·~ I Jlp Nur•••ttr .. r fl~'l I I,,, Nt1111l•ur .. r A~·l lilt• 
·.iln 11.1 oll 1.11J1foil•4 Ill~ I . (II ) I ••t.1l l.llpplrr•J IJi\1 ( ft) VP.Ir IL l1•\ lrl•,t .. ( fl) Veldt les IJi ~ t. (ft} 

Nl-: (Day) 15£ 27 3H6.0 J3H 17 151l. 4 - - 10 227 _6 --r-· 
f'IL· 2 ( D~y) !58 17 3Di. 3 111 111 433.2 - 131.9 3 -- ----- ·-
tiC-3 (Ody) 136 17 ?4].1 156 18 382.2 1 141.1 - -
1- I (Day) 80 Ill ll4. () 93 

1--· 
13 ?84.1 - - 5 29.9 

T-2(1)(Day) 82 2~ 16].£ - - - - - - -
T- 3 ( l ) (Day) 72 16 313.9 - - - - - - -
T-2(2)~Ddy1 100 26 321.3 H? 26 454.4 0 133.1 - -
T- J( 2) (Day) 58 70 267.4 66 16 251.0 - - 4 16.4 

T -7 1 f) ')4o;!) 115 41 418.5 66 18 537.2 - 118.7 3 -
f-}(?)(Ngt) 57 27 33';. 6 61 21 252.4 - - 1 83.2 

I U-1 ( Ddy) 77 3i 146.7 76 29 404.5 - 57.8 2 -
U-2 ( Ody) 83 24 (69. 7 72 18 370.2 - 100.5 6 -

I u- ~ 1Day) 84 13 337.9 72 20 426.4 7 88.5 - -

Table G-5. Average Clipping Distance (Criterion Passing Maneuvers) 

l 2 J 4 5 6 7 8 9 10 11 -
llefore Oat.a After Oat~ Change 

I Increase Decrease I 
J No. of v,,h No. nf vet Avq. Clip No. of Vel No. of Vel Avg. Clip ~urrber of Avg. Clip !Number of Avg. Clip 
I 'Jitt! Criterion Clipp1n~ ilbt. ( ft) Cri ter1on Clivping Oist. (ft) Vehicles Oist. (ft) Vehicles Dist. (ft) 

r.c -1 'ila ·) 52 :!1 290.7 56 17 163.8 - - 4 126.9 

NC-1:' (~ay} 54 17 301.3 53 11 365.0 - 63.7 6 -
~C-3 {Jay j 55 I 1/ 241.1 45 12 222.3 - - 5 18.8 

T -1 (Day) 52 17 ?.96.6 52 12 224.5 - - 5 72.1 

; -?. ('1 ) l Oay l 56 2~ 351.6 - - - - - - -
>3\l}(Day) !>6 lb 31J.9 - - - - - - -
T -2 (2l(Oay) 63 ?~ 295.6 49 ?2 36!>.9 - 70.3 3 -

16 251.0 8.3 --
T -3(2)(0dy) 52 19 242.1 56 - 3 -
T -.?(<')(NI}t} 61 J9 389.1 !J~ 37 529.1 - 140.0 2 -
>J(l)(Ngt) ss 7? 335.6 56 21 252.4 - - 1 83.2 

U-1 (Dcly} 54 30 324.9 sz 26 363.3 - 58.4 2 -
U·2 (Dav} f\0 23 241.3 52 17 344.5 - 103.2 6 -
U-3 (Day) !>2 12 3Zi .4 55 18 382.6 6 61.2 - -
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Table G-6. Aborted Pessing Attempts (All Pesslng M.neuvers) 

1 2 3 4 5 6 7 8 9 lD 11 

Before lldta After Data Chan\JI! 

-- ~--- Increase Decrease 
No. of Vet ~o. Pa·;ses No. of Veh No. Passes No. Passes No. Passe 

SITE Total Aborted Percent Total Aborted Percent Aborted Percent Aborted Percent 

NC-1 (Day 152 7 4.6 138 D D.D - - 7 4.6 

NC-2 (Day 158 1 0.6 111 D D.D - - 1 D.6 

NC-3 (Day 136 0 0.0 156 0 0.0 - - 0 0.0 

T-1 (Day BO 0 0.0 93 0 0.0 - - D 0.0 

T ·2( 1) (Day 82 1 1.2 - - - - - - -
T-3(1 )(Day) 72 0 0.0 - - - - - - -
T -2(2) (Day) 88 0 0.0 65 1 1.5 1 1.5 - -
T -3{2) (Day) 58 D D.O 66 2 3.0 2 3.0 

- - -
i-2(l)(Ngt 81 0 0.0 66 7 1D.6 7 10.6 - -
1-3(2)(Ngt) 58 2 3.4 61 1 1.6 - - 1 1.1 

U-1 (Day) 77 2 2.6 76 2 2.6 - - D D.O 

U-2 (Day) ll3 4 4.8 72 0 0.0 - - 4 4.8 -- .. 

U- 3 (Day) £1.4 4 4.8 72 2 2.7 - - 2 2.1 

Table G-7. Aborted Pass Attempts (Criterion Passing Maneuvers) 

1 2 3 4 5 6 7 Sl 9 10 11 

-~rae 
Before Data After Data 

__!ru: rAa..S.e_ " 
~o. of Veh ~o. Passes No. of Veh No. Passes No. Passes No. Passe! 

5ITE riterlon Aborted Percent rlterion Aborted Percent Aborted Percent Aborted Percent 

NC-1 (Day 52 4 7.D 56 0 0.0 - - 4 7.0 

NC-2 (Day 54 1 1.9 53 D 0.0 - - 1 1.9 

~C-3 (Day 55 0 0.0 45 0 0.0 - - J)_ 0.0 

T-1 (Day 52 0 0.0 52 0 0.0 - - 0 0.0 

T-2(1 )(Day 56 0 0.0 - - - - - - -
T-3(1 )(Day) 56 0 0.0 - - - - - - -
T-2(2}(Day) 63 0 0.0 49 1 2.0 1 2.0 - -
T-3(2)(0ay) 52 0 0.0 56 2 3.6 2 3.6 - -
T-2(2)(Ngt) 61 0 0.0 54 5 9.2 5 9.2 - -
T ·3(2 }(Ngt) 56 2 3.5 56 1 1.8 - - 1 1.7 

U-1 (Day) 54 0 0.0 52 1 1.9 1 1.9 - -
U-2 (Day) 60 3 5.0 52 0 0.0 - - 3 5.0 

U-3 (Dey) 52 0 0.0 55 2 3.6 2 3.6 - -
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r '· _1_+---7---r· _ -__ ; _·_l.L-__4·_·-··-+--·· -_-!I_· ·-~T __ ~~ ___ -r~.....· .....;..,_· __ ··--~--··· ....;;_·~--........;. T~.....-_.:.,_9 -_· ....... r_· -.:.::..10_· ..--~-ll......-!..!.n_·---l-

Change 
Befo~e Data After Data 

1------r-----T""---+-------r·----~ ___ ·-- ~-····_Int. rP~\f' '""'·'..,~ • ., 
j llo. of Veh No. of Vet ~v. of Veh No. ot V••h No. ut Veto Nu. ot Veh 

:-.ITE Total lr.itiatinc Percent Total lnitlatina Percent lnitiatina Percent Initiatinc Percent 

~N~c~-~~.l~·o~aYul~~15~2~~--~3~1-~~2~o~.3~+-~1~3~8-~---2~3~4-~16~-~7--+---~-~-+--~----+---~e~~~·7--~ 

NC -2 (Day) 158 l3 14. 5 ~l.~~--+---~17:..._+.__.:.1.:._5 ·:.:3:..._-4-_ _;·;__-+--...:0~.~ 8-+----!.7---+----:.._---' 

NC-j (Da;) 116 7.1 15.5 156 21 13.4 - - o ? 1 

~T.:.-!..i ---l(~Oo~ay4 )_~80~-4--1~9-4----!2c.::.3~. 8 -+--'9~3:_ .. __ 5 '>. 4 - - 14 1R 4 

~i...:·2~(~1~)(~D~aywl+-~8~2---~-~?~8--~~3~4~.2~t---·---- _ __:·;__+ __ ...:·:._~~__:-:._~--~-~-+--~---+--:._-~ 

~T--3::..l(.:...1u )(.::;Da:o:IY-'+ )_..:_72::-..-+- _ .•. .!.19:!...._ . ..+___!7..!::.6.:..;. 4:._+- _ -~-:__-4 _ __;·;__+_..:-:..._-i-_ _:_--+--=-:__-+--=---+---=-------1 
~..:T:....:-?:..!.(~2)~ (Da~y) -~81l~---l~__;!.;;33:..._+_.=3~7 -~5~~~6~::!.5--t-·--1L-+--'"~RL--i---=---+--..:.·--+-__ llu_~~'J...·L-7--1 

iT. 3(7) ( Da; l 58 11 ··- _ _1.2.c . .:!.3~._--6-6 __ + ___ 1_6 __ + __ 24_._2_-t----=-~-+---=---+---1-+--5-.l-~ 

GQ). ~L )' J-.---"B..:..i --+---·:.,29::___....__,3,~~.:..L. . .J.L._+--__..2.9...__-----l--!i.ad <o~.o..;z_ a_. __ .JL. o __ +-__.R,_;o..__a-+-...:.--+---=-'-----
lT-1(2)(Ngt) 58 17 !9.3 61 14 23.0 3 6.3 

~-~:~av~l--~77~~--~32 __ 4-~41~·~6~.-~76 __ +--~29-4--·~~1...:-4----~-4----~-+---'~~-~·~~----~ 
~--(_oa_tl. 82 ?2 ---1-~..:.~ __ _7_2_ _______ ,!.2 ___ '-_?6.4 __ ,_ __ :_ ----=----. ......:3:__-+-~0.:..:.4 ____ _ 

t2_ ~!~)L-~~~~-~1~3---~-~15.5 72 1~4--L-~1~9~.4~-~--~~---L--~3~.9:__~--~----L~-:__~ 

Table G-9. Pass Inftfations Within 1000 Ft of The No-Passing Zone (Crfterfon Passing Maneuvers) 

1 2 3 
.T. 

4 5 6 7 8 9 10 11 

Befo~e Oata After Data Change 

Increase Decrease 
of Vet ·-

~- of Veh No. of Veh No. of Veh No. 

! 
No. of Veh No. of Veh 

SITE l~iterion lnitiatinc PPrt en t ri tt>rion initiating Percent Initiating Percent Initiating Percent 

r i'j~-1 (o..y J '>2 {rJ 4fl. i 56 23 41.1 - - 2 7.0 

8~~(;d~ r--- -·----·--- ---·-- ·---·- ---
'>4 23 4? .c. 5] 15 2A.J - - 8 14.3 L -·-I 

I !NC-3 (Day i ~5 21 38.2 4!> 16 35.7 - - 5 2.6 

fr-1 (Day) 52 18 34. 7 52 5 9.6 - - 13 25.1 

~2il)(Dav) 56 27 48.2 - - - - - - -
i- 3 (1 ) (Day l 56 19 33.9 - . - - - - -
T -2(2)(Day) 63 32 50.8 49 21 ~_?.9 - - 11 7.9 -·----
T-:S(2)(Day) 52 16 30.8 56 16 28.6 - - 0 2.2 -----· 
T-l(2)(Ngt) 61 28 45.9 54 
~----- 1-

28 51.9 0 6.0 - -
i-3(7)(N<Jt) 56 17 30.4 56 
~-

13 23.2 - - 4 7.2 

U-1 (Day) 54 31 57.4 52 28 53.8 - - 3 3.6 1---· -
lu-2 (Day) 59 21 35.6 52 __ 19 2.~2..- f----3 0.9 - -··----r-·--·-~--1--· ------- -
U-~ (Day l 5?. 12 23.0 55 12 ~..:!....- L-._- - 0 ]~ ---- ·- ··-·-L...·-·-- ·--·-'-----·-
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Tib1e G-10. Tott1 P1ssi~ Distance for Vehicles Initiating a Pass Within 1000 Ft of The No-Pass1ng Zone 
(Criterion Passing Manue~ers) 

1 2 3 4 5 6 7 8 9 10 

Before O,ta After Data 
Chanoe 

lnr I' •a~P " --
No. of Veil• i'lo. of v;tf Pass 1 ng ho. of Vel! No. of Veh Passing No. of Ve~ Passing No. of Vet 

SiTL Criterion lnitiatln< 1 Dist. (ft riterion lnitiat1na r>i<t 1ft\ Initiatln~ Oist. (ft) Initiatin! 

I 
56 23 7Q4 n 0.1 2 NC-1 (Davli 52 25 793 9 -

HC-2 (Oa.v) 54 23 833.6 53 15 885.3 - 51.7 8 

NC-3 to~Yl! 55 21 849.7 45 16 841.4 - - 5 

T-1 (Day) 52 17 893.0 52 5 821.0 - - 12 

T-2(1 )(Day) 56 27 944.0 - - - - - -
T-3(1j(IA>y) 56 19 856.1 - - - - - -
T-2(2)(0ay) 63 32 88&. 7 49 21 9)0.3 - 41.6 11 

T-3(2)(Dayl 52 16 936.4 56 16 890.9 - - 0 

T-2(2)(Ngt) 61 28 1022.6 54 28 1195.0 0 172.4 -----· 

~- 3(2) (Ngt} 56 17 997.0 ~ 13 987.8 - - 4 

~-1 (Day) 54 31 884.8 52 28 856.6 - - 3 

~-2 (Day)i 59 
I 
I 21 873.6 52 19 898.7 - 25.1 2 

~-3 ( Dcty) 5£ 12 m.) 55 12 870.7 0 99.4 -

G-9 
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Table G-11. Number of Passing Zones Through Which Vehicles Trailed Prior to Initiating A Pass 
(All Passing MtneU¥ers) 

1 2 3 4 5 6 7 8 9 10 11 

Befo rP 0d ta After Data Change 
~umber of Number of lone\ Number of Number of 7ones Increase 
'-'rhtc 1c~ lun('\ Tr~ilinq Vt'hic lt•s Zones Tra 11 ing No. Zones Zones 

··.II l lotd 1 ~ rd iled In Per Vl'h. Total Trailed In Per Vt>h. Trailed In Trai 1 ing• 

NC-1 (03y 15? ?06 1 36 138 141 1.0? - -
~----~ ~-------·· ---------- ------- --
Nl.·"l (O,lY 1'>11 1/'1 1. ll Ill 116 1 . i'l - 0.09 -· --· .. ····-·· ----- -- .. ··- -·-··--· --~-~--- .. ·--- .. .. -- .. f----
Nl. I P·•Y 1 jt, ''·0 1 . 10 1!>6 Ill 1. IU - -
r- i (Day oo Db I. Ill 

. f--· 
93 134 1.44 - -

T-2(1 )(Day 82 100 1.21 __ -__ - - - -
T-3(1 )(0.1y) 72 90 l. 25 - - - --- --
; -2(2)~0dy) 88 lltl 1. 34 65 ~-~-_29 - -~~ 1----- ·-- r -

IT -J(2) (Day) 58 67 1. 15 66 96 1.45 29 0.30 --- ----->-------~-----
· 7 -(' (?) (Ngt) ~~ 92 l. ]4 ·- --~-"--·\II 1. 38 - 0.24 f----- ---
r- 3 ( 2) ( Ngt) 58 68 1 . 1 7 
~-

61 7Z 1.18 4 0.01 

U-1 (Day) 77 99 1.28 76 96 1.26 - --
ll-( (Ody} 83 1 '~ 2.11 72 -~o ___ f--.!.: 11 - -f--- ~---- ·--- ------ --
l U- j (Day) 84 133 1 . 5!l __ L--__12 __ .__ I 04 1.44 - -

•Per Vehicle 

Table G-12. ~r of Passing Zones Through Which Vehicles Trailed Prior to Initiating A Pass 
(Criterion Ptssing Maneuver) 

1 2 r--3- 4 
r-· 5 6 7 8 g 

Decrease 
No. Zones Zones 
Tra i1 ed lr Trail ing• 

65 0. 34 

43 

7.1 0.00 

2 0.26 

- -
- -

34 0.05 

- -
1 -
- -
3 0.02 

95 1.00 

29 0.14 

10 11 

Before Data After Data Chan e 
Number of Number of Zones Number of Number of Zones Increase Decrease 
Vehicles ?IJne~ Trailing Vehicles Zones Trailing 

No. Zones Zones No. Zones Zones 
SITE Criterion railed In Per Veh. Criterion Trailed In Per Veh. Trailed In Trailing"* Trailed 11 Trailing* 

INC· I (Lldy 5? 73 1.40 56 57 1.01 - - 16 0.39 

~ NC -7 (Ddyj !>4 61 1.13 53 67 1.26 6 0.13 - -t----·· 
j NC- :~ ( Da"; 55 ti( 1.13 45 50 1.11 - - 12 0.02 

~D-1y) 5£ Ill I. 56 52 69 1.33 - - 12 0.23 

; 7-2(1 )(Oay) 56 69 1.23 - - - - - - -
T- j 1 1 ) (Day) 56 72 1.29 - - - - - - -
T-2li.)~flay) 63 fl3 1.32 49 66 1.35 - 0.03 17 -~- --r·-·- ... 
T-3(2j(uay) !12 61 l. 17 56 76 1.36 11 0.19 - -
T-2(2)(Ngt) 
~--

61 69 1.13 54 72 1.33 3 0.20 - -
T-3(2)(Ngt) 56 66 1.18 56 67 oJi2 1.20 1 - -
U-1 (Day) 54 67 1.24 52 63 1.21 - - 4 n n'l f----·-tt (Day) 60 lli Z.Ol SZ 58 1.11 - - 63 0.90 __ :..;. ~ --- -1---·---- ------ ..... 

(OdV) 52 87 1.67 55 78 1.41 - - 9 0.26 ---- --
•Per vehicle 
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Table G-13. General ANOVA Matrix Table 

Treatment 
State Sum (E) 

Site 1 Site 2 Site 3 

North 
xll x,2 xl3 xlJ 

Carolina 

Texas x21 x22 x23 x2J 

Utah x31 x32 x33 X3J 

Sum (Z) XIl XI2 XI3 XIJ 

General ANOVA Equations (~) 

a = Number of rows in Matrix 
b = Number of columns in Matrix 

Correction to Sum of Squares, Carr = 

Total Sum of Squares, Total 

Treatment Sum of Squares, TSS - Corr 

States Sum of Squares, Sss = - GlJ) 2 +(x2JY + (x3J)2 

b 
- Corr 

Error Sum of Squares, Ess = Total - (Tss + Sss) 

~-11 



Degrees of freedom for Treatment, Tdf 
Degrees of freedom for State, Sdf = 
Degrees of freedom for Error, Edf = 

Treatment Mean Square. lMS 

State Mean Square, SMS 

Error Mean Square, EMS 

F-Test Equations (~) 

Ftreatment 

= 

= 
TMS 
EMS 

= 

= 

= T ss/T df 

sss/Sdf 

EssiEdf 

= b 1 

a - 1 

Tdf X Sdf 

The calculated F-values for Treatment and State were compared to the F-values 
found in the F-table for a 90 percent confidence level. If the calculated F-value 
was les~ than or equal to the tabulated F-value, the variable was said to have no 
significant effect on reduction. If, on the other hand, the calculated F-value was 
larger than the tabulated F-value, the effect was said to be significant and would 
require further analysis. 

EXAMPLE STATISTICAL EVALUATION 

The following example is presented to illustrate the statistical methods 
used to analyze the performance data. The example concerns the variable, 
clipping occurrence. All variables were analyzed using this technique. 

Original Data 
The first step in the analysis involved reduction of the original data to 

the format necessary for the ANOVA table. Two variables, Clipping Distance 
and Total Passing Distance for Vehicles Initiating a Pass within _1000 Feet of 
the No-Passing Zone, were analyzed on the basis of average distance measure
ments. Frequency data were used to analyze the other three variables. 

Table G-14 presents the original data for this example including the "before" 
and "after" data and resulting differences. 
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Ta~;~ r.-14. Pa~sinQ Maneuver Meas~rer.Ents -- Clipoina Oc~urrencc ,- . 
I 

I 

.-----
i 
I 
I ; ta tl' 

I 
t--

horth 

Carolina 

Tel as 

uuh 

'totes: 

2 _1_=-l~-I!I~~=- ~~~~Il;-licr-;-;·-r 13 I 14 Il5 

Site 1 :CIJ"b'~atio.,) :ite < (S;gn Only) -- -···--- -- !------------- r-· 

!lefor!' ,•ft_~r-- .C!!'L ---~.f_qre 

-~F 
-

c N I c N I ~-- r-c __ N I C r-N l 

21 52 40.4 17 56 30.4 -10.0 17 '>4 31.5 11 53 20.8 

--·--- r----· 

~., 17 52 32.7 12 52 123.1 - 9.6 25 63 39.7 22 

- - t---

30 54 55.6 28 52 53.8 - 1. 8 23 60 38.3 17 5? ~2. 7 

C • Number of vehicles that clipped during a criterion passing maneuver 
N % Number of Criterion passes 

(+) Denotes an increase in the number of vehicles that clipped 
(-) Denotes a decrease in the number of vehicles that clipped 

ChQ. 

1 

-10.7 

• 5.? 

- '>.6 

!6 1 11 18 1 19 J zo 21 22 1 

Site J (Markings On1y) I 
Before After I Cha 

c N 'I c N .1 ., 

17 55 J(j_Cj 12 45 26.7 - 4.2 

19 52 36.5 16 56 28.6 -7.9 

12 52 ?3. 1 18 55 32.7 + 9.6 
--



ANOVA Table & Analysis 
The differences between the before and after data are then placed in the 

appropriate cells of the ANOVA matrix, Table G-15. Rows and columns are summed. 

Table G-15. ANOVA Matrix - Clipping Occurrence 
(Percent) 

1 2 3 4 

State Site 1 Site 2 Site 3 

N. Carolina -10.0 -10.7 - 4.2 

Texas - 9.6 + 5.2 - 7.9 

Utah - 1. 8 - 5.6 + 9.6 

Sum ( L) -21.4 -11.1 - 2.5 

Notes: 

5 

Sum (E) 

-24.9 

-12.3 

+ 2.2 

-35.0 

(+) Denotes an increase in the number of vehicles 
that clipped during a criterion pass 

Corr = 

Total = 

TC( = 
.) J 

5ss = 

(-) Denotes a decrease in the number of vehicles 
that clipped during a criterion pass. 

'-35.0' 2 
136.1 _L_:- _-'.J__ = 9 

(-10.0) 2 + (-10.7) 2 + (-4.2) 2 + {-9.6} 2 + (+5.2) 2 + (-7.9) 2 

+ (-1.8) 2 + (-5.6)2 + (+9.6) 2 - 136.1 = 404.4 

{-21.4/ + (-11.ll 2 + (-2.5}2 
3 - 136.1 :6 59.7 

(-24.9) 2 + (-1~3}2 + (+2.2} 2 
- 136.1 = 122.6 3 

E55 = 404.4- (59.7 + 122.6) = 222.1 
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TMS = 59.7/2 = 29.9 

5MS = 122.6/2 = 61.3 

EMS = 222.1/4 = 55.5 

F 
29.9 0.54 -· --·-- = treatment 55.5 

Fstate 
61.3 1.10 = = 
55.5 

F2, 3, the tabulated F-value needed for the comparison, was found on the 

F-table for 90 percent confidence level, see Table G-16. 

F2, 3 = 4.32 

Ftreatment < F2,3 

Fstate < F2,3 

Therefore, it can be said, with a 90% confidence level, that Treatments 
and States have no significant effect on reduction of clips. 
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Table G-16. 10 Percentage Points of The F Oistribution* 
Table of Fo.to,.1 •• , 

I 
2 
a 
4 
II 

II 
7 
8 
9 

~ 10 

! 11 
11 12 
1 13 
8 14 .a 15 

.s 16 
l 17 
II 18 
0 111 

] 20 

'0 22 

J;: 
28 
30 

40 
10 
eo 
10 

100 

Decr.- ol fnedom few the D~tol' W 

2 a ' a e 1 e e 10 16 20 ao 10 100 200 aoo • 

311.9 411.5 ~.8 ~.8 111.2 ss.2 ss.9 59.4 59.9 110.2 81.2 81.7 &2.3 82.7 ea.o 63.2 ea.3 ea.a 
8.~ 9.00 9.111 11.24 9.29 9.33 11.35 9.37 9.38 11.39 9.ol2 9.44 9.46 11.47 9.48 9.49 9.48 9.-111 
6-M 5.48 6.39 6.:w 6.31 6.2.8 6.27 6.211 5.24 6.23 6.20 6.18 5.17 6.15 5.a ~14 6.14 a.u 
4.54 4.32 4.19 4.11 4.06 o6.01 3.9S 3.911 3.94 3.92 3.87 3.84 3.82 3.80 3.78 3.77 3.711 3.Te 
o~.011 a.78 u2 3.62 a.u uo 3.37 a.M 3.3l 3.30 3.36 a.21 3.17 3.15 ua 3.12 a.u :a.1o 

3.78 3.411 3.29 3.18 3.11 3.05 3.01 2.98 2.911 2.9-4 2.87 2.84 2.80 2.77 2.75 2.73 2.7'3 2.72 
3.59 3.26 3.07 2.96 2.88 2.83 2.78 2.7.S 2.72 2.70 2.63 2 . .59 2.66 2.52 2.50 2.48 2.48 2.47 
3.411 3.11 2.92 2.81 2.73 2.67 2.62 2.69 2.66 2.M 2.48 2.o62 2.38 2.36 2.32 2.31 2.30 2.2e 
3.36 3.Ql 2.81 2.69 2.!11 2.~ 2.61 2.47 2.44 2.42 2.U 2.30 2.25 2.22 2.19 2.17 2.17 2.18 
3.28 2.92 2.73 2.61 2.62 2.48 2.41 :us 2.36 2.32 2.24 2.30 2.18 2.12 2.09 2.07 1.01 2.01 

3.23 2.86 2.66 2.54 2.46 2.39 2.3-lo 2.30 2.27 2.25 2.17 2.12 2.08 2.04 2.00 1.99 1.98 1.t7 
3.18 2.81 2.111 2.48 2.39 2.33 2.28 2.24 2.21 2.19 2.10 2.011 2.01 1.97 1.9-4 1.92 1.111 1.10 
3.14 2.76 2.66 2.43 2.35 2.28 2.23 2.20 2.111 2.14 2.05 2.01 1.96 1.92 1.88 1.86 1.S$ 1.&S 
3.10 2.73 2.62 2.39 2.31 2.2-l 2.19 2.15 2.1:.1 2.10 2.01 1.96 1.91 1.87 1.83 1.82 1.80 1.80 
3.o7 2.10 2.49 2.3& 2.21 2.21 2.111 2.12 2.011 2.011 1.97 1.92 1.87 1.83 1.n 1.11 1.111 1.78 

3.05 2.67 2.46 2.33 2.24 2.18 2.13 2.09 2.011 2.03 1.9~ 1.89 1.~ 1.79 1.711 1.7-l 1.73 1.72 
3.03 2.6-1 2.44 2.31 2.22 2.15 2.10 2.06 2.03 2.00 U1 1.86 1.81 1.76 1.73 1.71 1.611 1.119 
3.01 2.62 2.42 :0.29 2.20 2.13 2.08 2.04 2.00 1.98 1.8Q 1.84 1.78 1.74 1.70 1.68 1.117 1.1!8 
~.llo :~.61 uo 2.21 2.1s 2.11 2.011 2.02 1.98 1.1111 1.86 1.81 1.76 1.11 1.61 1.6.5 1.M ua 
2.97 :1..69 2.38 2.2.5 2.18 2.09 2.04 2.00 1.96 1.94 1.84 1.79 1.74 1.89 1.8& 1.63 1.82 1.81 

2.9~ 2.66 2.3.5 2.22 2.13 2.011 2.01 1.97 1.93 1.~ 1.81 1.76 1.70 1.65 1.81 1.~9 1.M 1.57 
2.93 2 . .'.~ 2.33 2.19 2.10 2.0, 1.98 1.9~ 1.91 1.88 1.78 1.73 1.67 1.82 1.58 1.66 1.M 1.53 
2.&1 2.52 2.31 2.17 2.08 2.01 1.96 1.92 l.8iJ 1.86 1.711 1.71 1.65 1 . .59 1.~ 1 .. '>3 1 • .51 1.10 
:.!.K9 :uo 2.29 2.16 2.011 2.00 1.94 1.90 1.8'7 1.84 1.n 1.69 1.63 1.67 1.~ 1.50 1.49 1.48 
2.118 2.i9 2.2S 2. H 2.0~ 1.98 1.93 1.88 1.~ 1.82 1.72 1.67 1.111 1.~ 1.61 1.48 1.47 1.48 

2.~ 2.44 2.23 2.09 2.00 1.93 1.87 1.83 1.79 1.711 1.66 1.111 1.M 1.48 1.43 1.41 1.38 US 
2.81 2.41 2.20 2.06 1.117 1.90 1.~ 1.110 1.711 1.73 1.63 1.57 1.50 1.44 1.39 1.36 1.U 1.33 
2.79 2.39 2.lS 2.04 1.9.5 1.87 1.82 1.77 1.74 1.71 1.110 1.54 1.48 1.41 1.38 1.33 1.31 Llle 
2.77 2.37 :1.15 2.02 1.113 1.86 1.79 1.7.5 1.71 1.68 U7 1.51 1.U 1.38 1.33 1.2S 1.28 1.24 
ll.76 2.38 2.14 2.00 Ul 1.83 1.78 1.73 1.70 1.116 1.66 1.49 1.42 1.35 1.lle L26 1.23 L21 

:100 2.73 2.33 2.11 1.07 1.!1li 1.80 1.76 1.70 1.1111 1.63 U2 1.48 1.38 1.31 1.24 1.20 1.17 1.14 
600 2.72 2.31 2.10 1.96 1.116 1.79 1.73 1.118 1.84 1.61 uo 1.44 1.36 1.28 1.21 1.16 1.12 1.09 
• 2.71 2.30 2.08 1.114 1.85 1.77 1.72 1.17 1.113 1.60 1.49 1.42 1.34 1.26 1.18 1.13 1.08 1.00 

Ezample: P(F.Jt:t,• < 2.00) • 90%. 

,,.,.,,., • 1/F~t,•,.•,. Ezample: F .• ,o.a • 1/PMra.a • 1/2.42 • 0.413. 

1.1131 (1 1) .\ppro:Umat.e formula for .. aDCI .. l&raer thaD 30: locu P .11:•1,•1 = _, - 0.127 - -- • 
..... -0.77 .. .. 

.,._.l_ !.(!.+ 1). 
" 2 .... 

*This tab!~ is abridged from A. Hald, StatiBtical 7hble• and FOMnultu, John Wiley 
and Sons, Inc., New York, a major part of which has been abridged from "Tables of 
Percentage Points of the Inverted Beu (F) Distribution," computed by M. Merrincton 
aDd C. M. Thompson, Biom8trilcG Vot 33, 1943, pp. 73-88, by permission of the pro· 
prietors. or reproduced from Table V of R. A. Fisher and F. Yates, Statutical Table~, 
Olh·er and Boyd, Edinburih. by permission of the authors and the publi!lhers. 
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Data in the ANOVA matrix, Table G-17, represent the percent change in 
clipping occurrence as shown in Table G-14 for before and after conditions. 

Table G-17. ANOVA Matrix -- Clipping Occurrence (Percent) 

1 2 3 4 5 

State Site 1 Site 2 Site 3 Sum ( r) 
North -10.0 -10.7 - 4.2 -24.9 Carolina 
Texas - 9.6 + 5.2 -7.9 -12.3 

Utah - 1. B - 5.6 + 9.6 + 2.2 

Sum ( I) -21.4 -11.1 - 2.5 -35.0 

Notes: 
(+) Denotes an increase in the number of vehicles that 

clipped 
(-) Denotes a decrease in the number of vehicles that 

clipped 

Analysis Computations 

Corr = 136.1 

Total = 404.4 

Tss = 59.7 

5ss = 122.6 

Ess = 222.1 

TMS = 29.9 

5Ms = 61.3 

EMS = 55.5 
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Ftreatment 

Fstate 

F2 ,3 

flippin~ Distanc~ 

= 

= 

= 

0.54 

1.10 

4.32 

Ftreatment and Fstate are Not Significant 

Data in ANOVA Matrix, Table G-18, represent the change in the average clipping 
distance as shown in Table G-19 for before and after conditions. 

Table G-18. ANOVA Matrix- Clipping Distance (feet) 

1 2 3 4 5 

State Site 1 Site 2 Site 3 Sum (r) 

N. Carolina - 126.9 + 63.7 - 18.8 - 82.0 

Texas - 72.1 + 70.3 + 8.3 + 6.5 

Utah + 58.4 + 103.2 + 61.2 + 222.8 

Sum (L:) - 140.6 + 237.2 + 50.7 + 147,3 

Notes: 
---(+) Denotes an increase in the average clipping dista,nce. 

(-) Denotes a decrease in the average clipping distance. 

Analysis Computations 

Corr = 2410.8 

Total = 46119.6 

Tss = 23790.1 

5ss = 16391.2 

Ess = 5938.2 
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TMS = 11895.1 

5MS = 8195.6 

EMS ::; 1484.6 

Ftreatment :.: 8.01 
F was 

Fstate 5.52 treatment = 
Fstate was 

F2,3 ::: 4.32 

Table G-19. Passing Maneuver Mea~urements -- Clipping Distance 

1- -·-T 

I 2 3 i 4 5 6 7 

L _,,~,. Site 1 (Con•bir.ation) Site 2 (Sign Only) 

Befo•·e 1\fter Chanqe Before After l ~·'" '';~~:·. 
t'<lO. l' IU H' - 12f..9' 301. l' 16~.0' -- ------- ·~-------- r 
{~1,.6' [{4, ~· l't. 1 ' 79'>.6' 365.9' 

I utah 324.9' I 3>J3. 3' + 58.4' 241. 3' 344. c,' I 
L .. -----

r •) Oenot~> an increase Ho the overage L lipping OHtance 
(- j Denote~ a decrec~e in the average cliJlfllng distance 

Number of Aborted Passes 

Change 

• 63. 7' 

+ 70. 3' 

+ 103.2' 

Significant 

Significant 

8 9 10 

Site 3 (Markings Only) 

Before After Change 

241. l' 272. 3' - 18.8' 

242.7' 251.0' + 8.3' 

321.4' 382.6' + 61.2' 

Statistical analysis was not conducted on 11aborted pass .. data because very 
few aborted passes were observed (about 1 percent of observed maneuvers). The 
data are shown in Table G-20. 

Number of Passes Initiated Within 1000 Ft of the No-Passing Zone 

Data in the ANOVA matrix, Table G-21, represent the percent change in the 
number of passes initiated within 1000 ft of the no-~ssing zone as shown in 
Tab1eG-22 for before and after conditions. 
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Table G-20. Passing Maneuver Measurements -- Number of Aborted Passes 

1 2 3 4 5 6 7 B 9 l 10 

Stte 1 (Combination} 

State Be for After .9!.!L:. 
c N I c N I l c 

ttorth 4 52 7.7 0 56 - - 1 
Carolina 

TelliS 0 52 - 0 52 - - 0 

Utah 0 54 - 1 52 1.9 - 3 

Notes: 
C • Number of vehicles that aborted 
N • Number of criterion passes 

(+) Denotes an increase tn the number of aborted passes 
(-) Denotes a decrease in the n1111ber of aborted passes. 

8efo•"! 

H 

54 

63 

60 

11 !2 13 

Site 2 (Sign Only} 

After 

I c N 

1.9 0 53 

- 1 49 

5.0 0 52 

14 15 16 17 18 19 20 21 221 
- I 

Site 3 (HI!rkings Only) I 
I 

lcha. Be for" lftPr Cha 

l l r N 'I r: N l l 

- - 0 55 - 0 45 - -

2.0 - 0 52 - 2 56 3.6 -

- - 0 52 - 2 55 3.6 -



Table G-21. ANOVA Matrix - Number of Passes Initiated 
Within 1000 Ft of No-Passing Zone (Percent) 

1 2 3 4 5 

State Site 1 Site 2 Site 3 Sum (E) 

N. Ca ro 1 ina - 7.0 - 14.3 - 2.6 - 23.9 

Texas -25. 1 - 7.9 - 2.2 - 35.2 

Utah - 3. 6 + 0.9 - 1.2 - 3.9 

Sum ( 1.) -35.7 - 21.3 - 6.0 - 63.0 

Notes: 
--- {+) Denotes an increase in the number of passes 

initiated within 1000 ft of the no-passing 
zone 

(-) Denotes a decrease in the number of passes 
initiated within 1000 ft of the no passing 
zone 

Analysis Computations 

Corr = 441.0 

Total = 531.7 

Tss = 147.1 

5ss = 167.5 

Ess = 217. l 

TMS = 73.6 

5Ms = 83.8 

EMS = 54.3 
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Table G-22. Passing Haneuver Hea\ure~nt -- Nu..Vcr of P~sse~ !nltlated Witl!in 1000 Ft of The No-Passing Zone 

~- _________ [__z_1~I~r~.]~~J~!I~~]-~i J7;~~:~~~J -~~J~~: T}~-~ _l~:_Liil~~-1.:_:__1 2C --1 ~-~- I 22--

Site 1 tCo;•:l:iinv•.ior•) ';•t(• ;> (C,i•1n Onl 5i tc 3 (H.Irkings On1tl ------- ---- --- ---- ---,----- -- -- ----- -··--- ----- - -~····-- -----------
Stdtr 

f F.f"' ::-~ I .. ~E: 
North 

Carolina 

lifter iq,n_i· Before t· 1\ftc 

~;:p:.-:r~,f:J.~:r:f, 
·---

-- ---~--

I 7.8.3 

~ .. 9.: Before 

__!_ ---'- _..JL_ 

-14.3 21 55 

J------+--+---l--+-----1-~-+ --1---- 1------ -- ----· 1--- ---- ... 

Texas 18 52 134.7 5 52 9.61-25.1 1 n 63 150.8 71 4 

I I I I +- -l--~--~--t---t--

Utah 31 54 1!)7 .4 I 28 52 53.81- 3.61 21 59 135.6 

lloteJ: 
C • Malber of pesses tn1ttated within 1000 ft of the no-passing zone 
M • Mulber of crtterton passes 

19 5 :f: 
7.9 16 

0.9 12 

(+) D!notes an increase fn the numher of passes fnftfated within 1000 ft of the no-passfng zone 
(-) Denotes a decrease fn the number of passes initiated within 1000 ft of the no-pa~sing zone 

52 

-

52 

_.L_ 

38.2' 

30.8 

23.0 

--~.!Jer 

__L .11. .1 

16 45 35.7 

16 56 28.6 

-. 

12 55 21.8 

I ChQ, 

s: 

- 2.6 

- 2.2 

- 1.2 

' 
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I . :!(, 

Fstate = 1.54 Ftreatment and Fstate are Not Significant 

F2,3 = 4.32 

Total Passing Distance For Vehicles Initiating A Pass Within 1000 Ft of The 
No-Passing Zone 

Data in the ANOVA matrix, Table G-23 represent the change in the average 
total passing distance for vehicles initiating a pass within 1000 ft of the no
passing zone as shown in Table G-24 for before and after conditions. 

Table G-23. ANOVA Matrix - Total Passing Distance For Vehicles 
Initiating A Pass Within 1000 Ft of The No-Passing 
Zone (feet) 

1 2 3 4 5 

State Site 1 Site 2 Site 3 Sum (E) 
Nortn 

Carol ina + 0.1 + 51.7 - 8.3 + 43.5 

Texas - 72.0 + 41.9 -45.5 -75.6 

Utah - 28.2 + 25.1 + 99.4 + 96.3 

Sum ( r) -100.1 +118.7 + 45.6 + 64.2 

Notes: 
{+) Denotes an increase in the total passing distance 

for vehicles initiating a pass within 1000 ft of 
the no-passing zone. 

(-) Denotes a decrease in the total passing distance 
for vehicles initiating a pass within 1000 ft of 
the no-passing zone. · 
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Table G-24. 

l 

State 

North 
CJrolind 

Passinv KlneuYer 14Ns~ts -- Tttal '•saint D1sta~ For ¥eh1cles Intti.ting 
A Pass Within 1000 Ft of Tht No-Passing Zone 

2 3 ··-r. 5 
1---

6 7 8 

Site 1 !Combination) Site 2 (SI<Jn Only) Site 

Before After Chonge Before After Chan<Je Before 
---f--

793.9' N4 .• v . 0.1' !i33.6' BBS. 3' • 51.7. 849./' 

3 

--- . f- . ·--··- - ----- --
Tto>d~ B1lL(J• H/l.IJ' 17. (). llhll. ,. 'J.I(J 1,' • 41 .• ,. ., 16.4. 

. . - .. - ·------ - ·---~. -· ---·--· --· -·· ... - ------·-· --- ... ---. -- .. 

Utah HM. IJ' IJ~ol\. b' - .'K. {' HI' .1.' II'J!I 7' + l5.1' 111. 3' 

·----'--·---·- ------- ,_ ____ ----- ---· 
Notes: 

(+) Denotes an increase in the total passing distance for vehicles initiating a 
pass within 1000 ft of tht no-passing zone. 

(-) Denotes a decreese 1n the total passing distance for Yfhtclts 1n1tieting a pass 
within 1000 ft of the no-passing zone. 

Analysis Computations 

Corr = 458.0 

Total = 22599.3 

Tss = 8271.7 

5ss = 5169.1 

Ess = 9158.5 

= 4135.9 

= 2584.6 

= 2289.6 

= 1.81 

-. 

--

9 10 

(l'oarki ngs Only) 

After Change 

841.4. - 8.3' .. 

890.9' - 45.5' 
.. -·-#-- -------·-

870./' • '19.4' 

------- -------

Ftreatment 

Fstate 

F2,3 

= 1.13 Ftreatment and Fstate are Not Significant 

= 4.32 
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Number of Zones Thro~ Which Vehicle Trailed Prior to Initiating A Pass 
Data in the ANOVA matrix, Table G•25, represent the change in zones in which 

vehicle5 trailed prior to initiating a pass (expressed in zones per vehicle). 
Table G-26 contains the data on which the differences are predicated. 

Table G-25. ANOVA Matrix - Number of Zones Through Which 
Vehicle Trailed Prior to Initiating A Pass 

1 2 3 4 5 

State Site 1 Site 2 Site 3 Sum (I:} 

N. Carolina -0.39 +0.13 -C 02 -0 28 

Texas -0.23 +0.03 + .19 -0.01 

Utah -0.03 -0.90 -0.26 -1.19 

Sum (2:) -0.65 -0.74 -0.09 -1.48 
Notes: ---

(+) Denotes an increase in zones per vehicle 
(-) Denotes a decrease in zones per vehicle 

Analysis Computations 

Corr = 0.24 
Total = 0.90 

Tss = 0.09 
5ss = 0.26 

Ess = 0.55 

TMS = 0.05 

SMS = 0.13 

EMS = 0.14 
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Table 6-26. Passing Maneuver Measurements -- Zones Through Which Vehicle Trailed Prior to Pass Jnfti~tion 

1 2 3 4 5 6 7 8 

Site 1 (Combination) 

State Chg. 
Before After in 

z c N z c N z 

North 
73 52 1.40 57 56 1.01 -0.39 

C.roltna 

Texas 81 52 1.56 69 52 1.33 

Utah 67 54 1.24 63 52 1.21 

Notes: 
C • ~er of zones trailed 
N • Nunber of criterion vehicles passing 
Z • Number of zones per vehicle, C/N 

0.23 

0.03 

(+) Denotes an Increase fn zones per vehicle 
(·) Denotes a decrease In zones per vehicle 

9 1 10 11 12 13 14 15 16 17 18 19 20 21 

Site Z (Sign Only) Site 3 (Markings Only) 

Befort? After 
Chg. 

Betor.e. Mttt In 

z ..t. z c N N -
z c .Jl ..l ..£. .Jt. ..l 

61 54 1.13 67 53 1.26 i"<J.13 62 55 1.13 50 45 1.11 

83 63 1.32 66 49 1.35 ~.03 61 52 1.17 76 56 1.36 

121 60 2.01 58 52 1.11 0.90 87 52 1.67 78 55 1.41 

22 

Ch9. 
tn 
z 

I 

-0.02 

+0.19 

-0.26 



Ftreatment 

Fstate 

= 

= 

0.36 

0.93 

F2•3 = 4.32 

Ftreatment and Fstate are Not Significant 

The ANOVA analysis indicated some significance in the reduction of clipping 
distances due to Treatments and States. AT-test was performed to determine 
which treatment or treatments and which state or states had a significant effect. 

-The T-test is used to compare the mean, x, of two normally distributed samples. 
By comparing a calculated t-value to a tabulated t-value, it can be determined if 
the samples are from two different populations. 

For this test, the mean, x, and variance, s2, for each before-after-state-site 
data set ~'/ere calculated. The before data sets and after data sets, within each 
state were compared separately. The comparisons were: Site-1 to Site-2, Site-1 
to Site-3, and Site-2 to Site-3, within each state; and North Carolina site to 
Texas site, North Carolina site to Utah site, and Texas site to Utah site, within 
each treatment. 

Since each data set had a different sample size and different standard devia
tion, the usual t-test had to be somewhat altered. For this analysis, the tabulated 
t-value had to be weighted by two tabulated t-values. The tabulated t-value was 
determined with the following equation: 

10% level t = 

Ex amp 1 e T -Analysis 

rsx2 t.1o 
rs-2 

X 

To illustrate the t-test procedure, the calculations used to compare Site 1 
to Site 2 for Texas - after data will be given in Table G-27 and then in the 
following computations. 
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Table G-27 Texas - After 

Site 

Site 1 

Site 2 

n 

12 

22 

d. f. 

11 

21 

-
X s 

1.796 224.5 70604.9 

1. 721 365.9 35465.9 
·-------

n = Number of vehicles that clipped 
d. f. = Degrees of freedom = n - 1 

t .1 0 = Tabulated t-values at a 90% confidence 

-
X = Sample mean 

s2 = Sample variance 

- -x1- x2 = 224.5 - 365.9 = -141.4 

5883.74 

1612.09 

level (see Table G-28) 

2 S- - = x1- x2 
S-2 + S- 2 = 
x1 x2 

5883.74 + 1612.09 = 7495.83 

= Y7495.83 = 86.58 

t' = (x - x )/S- - = -141.4/86.58 = -1.63 1 2 x1 - x2 

The absolute value of t' will be used in the comparison since it does not 
matter whether the comparison is between Site-1 to Site-2 or Site-2 to Site-1. 
The question is whether or not there is a difference between the two. 

t@ 10% = 

= l. 78 

= {5883.74)(1.796) + (1612.09)(1.721) 
5883.74 + 1612.09 

t' < t.lO Therefore, it can be said that at 10% confidence level, 

there is no significant difference between Site 1 and Site 2 treatments. 
All other data sets were tested following this example. A summary of the 

means and variances for the original data may be found in Table G-29. 
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Table G-28 The Distribution oft* 

Dttn~s Probability of a Larger Value, Sign Ignored 

F~om _o.5ool 0.400. 0.200 0.100 ~ 0.025- 0.010 I 0.005 0.001 

1 1.000 1.376 3.078 6 . .314 12.706 25.452 63.657 
2 . 816 I. 061 1.886 2. 920 4. 303 6. 205 9. 925 114.089 31.598 
3 .765 .978 1.638 2.353 3.182 4.176 5.841 7.45312.941 
4 .741 .941 1.533 2.132 2.776 3.495 4.604 5.598 8.610 
5 I .727 .920 t.476 2.o1s 2.571 3.163 4.032 4.773 6.859 

6 ,.718 .906 1.440 1.943 2.447 2.969 3.707 4.317 5.959 
7 .711 .896 1.415 1.895 2.365 2.841 3.499 4.029 5.405 
8 .706 .889 1.397 1.860 2.306 2.752 3.355 1 3.832 s.04t 
9 I .7o3 

1 
883 1.383 t.s33 2.262 2.685 3.25o 3.69o 4.781 

10 .1oo I .879 t.372 t.812 2.228 2.634 3.169 3.581 4.587 

11 .697,.876 1.363 1.796 2.201 2.593 3.106 3.497 4.437 
12 .695 .8731 1.356 1.782 2.179 2.560 3.055 3.428 4.318 
13 .694 I .870 • 1.350 1. 771 2.160 2.533 3.012 3.372 4.221 
14 .692! .86811.345 1 1.761 2.145 2.510 2.977 3.326 4.140 
15 .691 ,, .866 1.341 I 1.753 2.131 2.490 2.947 3.286 4.073 

16 .690 .865 1.337 1.746 2.120 2.473 2.921 3.252 4.015 
17 .689,.863 1.333 1.740 2.110 2.458 2.898 3.222 3.965 
18 .688 .862 1.330 1.734 2.101 2.445 2.878. 3.197 3.922 
19 .688 .861 1.328 1.729 2.093 2.433 2.861 3.174 3.883 
20 .687,.860 1.325 1.725 2.086 2.<423 2.845 3.153 3.850 

21 . 686 .859 1. 323 1. 721 2.080 2 .<414 2. 831 3.135 3.819 
22 .686 .858 1.321 1.717 2.074 2.406 2.819 3.119 3.792 
23 . 685 .858 1. 319 1:714 2.069 2.398 2.807 3.104 3. 767 
24 .685 .857 1.318 1.711 2.064 2.391 2.797 3.090 3.745 
25 .684 .856 1.316 1.708 2.060 2.385 2.787 3.078 3.725 

26 
27 
28 
29 
30 

35 
40 
45 
50 
55 

60 
70 
80 
90 

100 

120 
• 

.684 .856 

.684 .855 

.683 I .855 
,683 I .854 
. 6831 .854 

.682 . 852 

. 681 I . 851 

.680 .850 

.680 ! .849 

.679 I .849 
I 

.679 .848 

.678 .847 

.678 .847 

.678 .846 

.677 .846 

.677 .845 

.6745 .8416 

1.315 1.706 
1.314 1.703 
1.313 1.701 
1. 311 1. 699 
1. 310 1. 697 

1.306 1. 690 
1. 303 1. 684 
1.301 1.680 
1.299 1.676 
1. 297 1.673 

1.296,1.671 
1.294 1.667 
1.293 1.665 
1.291 ,. 1.662 
1.290 1.661 

I 1.289 I 1.658 
1.2816,1.644E 

2.056 2.379 
2.052 2.373 
2.048 2.368 
2.045 2.364 
2.042 2.360 

2.030 2.342 
2.021 2.329 
2.014 2.319 
2.008 2.310 
2.004 2.304 

2.000 2.299 
1.994 2.290 
1. 989 2.284 
1.986 2.279 
1.982,2.276 

1.980 2.270 
1.96001 2.2<414 

2. 779 3.067 3. 707 
2.771 3.056 3.690 
2.763 3.047 3.674 
2.756 3.038 3.659 
2.750 3.030 3.646 

2. 724 2. 996 3. 591 
2.704 2.971 3.551 
2.690 l 2.952 3.520 
2.678 1 2.937 3.496 
2.669 ! 2.925 3.476 

I 
I 

2.660 

1

• 2.915 3.460 
2.648 2.899 3.435 
2.638 I 2.887 3.416 
2.631 2.878 3.402 
2.625 2.871 3.390 

2.617 2.860 3.373 
2.575f 2.8070 3.2905 

• Parts of this to~ble are reprinted by permission from R. A. Fisher's St.tiujul 
AI'** for Rmmch w,.urs, p.ublished by Oliver ud Boyd, Edinburgh (1925-1950); 
from M"axine MerringtoD'a ' Table ot Percentage Points ol the 1-Dilaibution,., ._ 
-.ctrilca, 32:300 (1942); ud from Bernard Osde'a SIMUtiiU .. IWNnlt, Iowa s-. 011-
• Press (1954). 
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Table G-29. Passin9 Maneuver Mtuur.-nts -- Means and Vartanc• far the C:rHer\un Ill~• 

l 2 3 4 5 

Site l (Combination) 
State Treatment 

s2 N X 

North Before 21 290.7 29,183.8 

Carolina 
After 17 163.8 15,362.7 

Before 17 296.6 26,652.2 
Texas 

After 12 224.5 70,604.9 

Before 30 324.9 44,447.3 
Utah 

After 28 383.3 65,848.8 

•Estimeted Value 
N • Number of criterion passes which clipped 

i • Sample mean (Average Clipping Distance) 

s2
• Sa~le variance of clipping distance 

6 

N 

17 

11 

25 

22 

23 

17 

G-30 

7 8 9 

Site 2 (Sign Onlvl 

I (.2 N 

301.3 55,123.6 17 

·. 
365.0 74,685.3 12 

295.6 45,466.4 19 

365.9 35,465.9 16 

241.3 16,436.1 12 

344.5 47,858.4 18 

lO_ 11 

Site 3 (Mark1na Only) 

_I_ s2 

241.1 22,839.1 

222.3 27,088.6 

253.2 45,584.0 

251.0 40405.8 

321.4 61,189.1 

382.6 73,410.5 



Comparison of "Before" Clipping Distance (Site NC-1 and NC-2) 
The t-analysis matrix to compare North Carolina sites (NC-1 and NC-2} is 

presented in Table G-30. 

Table G-30 T-Analys1s CoMparing NC-1 to NC-2 For The "Before" Condition 

1 2 3 4 5 6 7 

Site n d. f. t .10 X s2 s-2 - s2tn X 

Site 1 21 20 1. 725 290.7 29183.8 1389.70 

Site 2 17 16 1. 746 301.3 55123.6 3242.57 

10.6 4632.27 

t-Ana1ysis Computations 

s- - = 68.06 x1 - x2 
t' = 0.16 t = 1. 74 N. S. 

Comparison of "Before" Clipping Distance (Sites NC-1 and NC-3) 
The t-ana1ysis matrix to compare North Carolina site NC-1 to NC-3 is 

presented in Table G-31. 

Table G-31 T-Ana1ys1s Comparing NC-1 to NC-3 For The "Before" Condition 

1 2 3 4 5 6 7 

Site d. f. - s2 s-2 - s2;n n t .10 X 
X 

Site 1 21 20 1. 725 290.7 29183.8 1389.70 

Site 3 17 16 1. 746 241.1 22839.1 1343.48 

49.6 2733.18 
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t-Analysis Computation 

s- - = s2.2a x1 - x2 
t' = 0.95 t = 1. 74 N. S. 

Comparison of "Before" Clipping Distance (Sites NC-2 and NC-3) 
The t-analysis matrix to compare North Carolina site NC-2 to NC-3 is 

presented in Table G-32. 

Table G-32 T-Analysis Comparing NC-2 to NC-3 For the "Before" Condition 

1 2 3 4 5 6 7 

Site d. f. - s2 2 - 2 n t .1 0 X s- - s /n 
X 

Site 2 17 16 1.746 301.3 55123.6 3242.56 

Site 3 17 16 1. 746 241.1 22839.1 1343.48 

60.2 4586.04 

t-Analysis Computations 

= 67.72 t' = 0.89 t = 1. 75 N.S. 

Comparison of "After" Clipping Distance (Sites NC-1 and NC-2) 
The t-analysis matrix to compare North Carolina site NC-1 to NC-2 is 

presented in Table G-33. 
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l,lbl'· G-U T·Andly~ls r.ompar1ng NC-1 to NC-2 For The "After" Condition 

1 2 3 4 5 6 7 

Site d. f. t .10 
- s2 s-2 s2;n n X = 

X 

Site 1 l7 16 1. 746 163.8 15362.7 903.69 

Site 2 11 10 1.812 365.0 74685.3 6789.57 

201.2 7693.26 

t-Ana1ysis Computations 

S- - = 87.71 x1 - x2 
t• = 2.29 t = 1.80 Sign. 

Comparison of "After" Clipping Distance (Sites NC-1 and NC-3) 
The t-analysis matrix to compare North Carolina sites NC-1 to NC-3 is 

presented in Table G-34. 

Table G-34 T-Analysis Comparing NC-1 to NC-3 For The "After" Condition 

1 2 3 4 5 6 7 

Site d. f. - s2 2 s2;n n t .1 0 X s- = 
X 

Site 1 17 16 1. 746 163.8 15362.7 903.69 

Site 3 12 11 1. 796 222.3 27088.6 2257.38 

58.5 3161.07 

t-Analysis Computations 

= 56.22 t I : 1.04 t = 1. 78 N.S. 
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Comparison of "After" Clipping Distance (Sites NC-2 and NC-3) 
The t-ana1ysis matrix to compare North Carolina sites NC-2 to NC-3 is 

presented in Table G-35. 

Table G-35 T-Analysis Comparing NC-2 to NC-3 For The 11After" Condition 

1 2 3 4 5 6 7 

Site d. f. t. 10 
- s2 2 2 n X S- = S In 

X 

Site 2 11 10 1.812 365.0 74685.3 6789.57 

Site 3 12 11 1. 796 222.3 27088.6 2257.38 

142.7 9046.95 

t-Ana1ysis Computations 

= 95.12 t I : 1.50 t = 1.81 N.S. 

Comparison of "Before" Clipping Distance (Sites T-1 and T-2) 
The t-analysis matrix to compare Texas site T-1 to T-2 is presented in 

iab1e G-36. 

Table G-36 T-Analysis Comparing T-1 to T-2 For The "Before .. Condition 

1 2 3 4 5 6 7 

- s2 s-2 S2/n Site n d. f. t .10 X = X 

Site 1 17 16 1. 746 296.6 26652.2 1567.78 

Site 2 25 24 1. 711 295.6 45466.4 1818.66 

1.0 3386.44 
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t·Analysis Computations 

s- - = 58.19 x1 - x2 
t' = 0.02 t = 1. 73 N.S. 

Comparison of "Before .. Clipping Distance {Sites T-1 and T-3) 
The t-analysis matrix to compare Texas site T-1 to T-3 is presented in 

Table G-37. 

Table G-37 T-Analysis Comparing T-1 to T-3 For The "Before" Condition 

1 2 3 4 5 6 7 

Site d. f. t. 10 
- s2 s-2 = s2;n n X 

X 

Site 1 17 16 1. 746 296.6 26652.2 1567.78 

Site 3 19 18 1. 734 253.2 45584.0 2399.16 

43.4 3966.94 

t-Analysis Computations 

S- - = 62.98 x1 - x2 
t' = 0.69 t = 1. 74 N.S. 

Comparison of "Before" Clipping Distance {Sites T-2 and T-3) 
The t-analysis matrix to compare Texas site T-2 to T-3 is presented in 

Table G-38. 
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Table G-38 T-Analysis Comparing T-2 to T-3 For The "Before" Condition 

1 2 3 4 5 6 7 

d. f. - s2 s-2 s2;n Site n t .10 X = 
X 

Site 2 25 24 1 . 711 295.6 45466.4 1818.66 

Site 3 19 18 1. 734 253.2 45584.0 2399.16 

42.4 4217.82 -

t-Analysis Computations 

S- - = 64.94 x1 - x2 
t' = 0.65 t = 1.72 N.S. 

Comparison of "After" Clipping Distance (Sites T-1 and T-2) 
The t-analysis matrix to compare Texas sites T-1 to T-2 is presented in 

Table G-39. 

Table G-39 T-Analysis Comparing T-1 to T-2 For The "After" Condition 

1 2 3 

Site n d. f. 

Site 1 12 11 

Site 2 22 21 

t-Analysis Computations 

s- - = 86.58 x1 - x2 

4 5 6 7 

t .10 
- s2 s-2 = s2;n X 

X 

1. 796 224.5 70604.9 5883.74 

1. 721 365.9 35465.9 1612.09 

141 .4 7495.83 

t I : 1.63 t = 1. 78 N.S. 
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Co!!p_~_r_i __ '>_O_r]_o.f~~·A_f.J~~r::~ __ C_l_i_EPing Distance (Sites T -1 to T -12_ 
The t-analysis matrix to compare Texas site T-1 to T-3 is presented in 

Table G-40. 

Table G-40 T-Analysis Comparing T-1 to T-3 For The .. After" Condition 

1 2 3 

Site n d. f. 

Site 1 12 11 

Site 3 16 15 

t-Analysis Computations 

s- -x1 - x 
= 91.70 

4 5 6 

t. 10 
- s2 X 

1. 796 224.5 70604.9 

1. 753 251.0 40405.75 

.26.5 

t• = 0.29 t = 

Comparison of "After" Clipping Distance (Sites T-2 and T-3) 

7 

s-2 S2/n = 
X 

5883.74 

2525.36 

8409.10 

1. 78 N .S. 

The t-analysis matrix to compare Texas site T-2 to T-3 is presented in 
Table G-41. 

Table G-41 T-Analysis Comparing T-2 to T-3 For The "After" Condition 

1 2 3 4 5 6 7 

- s2 2 2 Site n d. f. t. 10 X s- = s /n 
X 

Site 2 22 21 l. 721 365.9 35465.9 1612.09 

Site 3 16 15 1.753 251.0 40405.75 2525.36 

114.9 4137.45 
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t-Analysis Computations 

s- -x1 - x = 64.32 t' = 1. 79 t = 

Co_!!!P~.r_i_son __ qf_ "Bef.Q!_~.'. _C_1J.E.P..i!!9 .. Jlis~~nce jSite_~JL-.1 and .hJ:..?l 

1. 74 Sign. 

The t-analysis matrix to compare Utah s1te U-1 to U-2 is presented in 
Table G-42. 

Table G-42 T-Analysis Comparing U-1 to U-2 For The "Before" Condition 

1 2 3 4 5 6 7 

d. f. - s2 s-2 s2;n Site n t. 10 X = 
X 

Site 1 30 29 1.699 324.9 44447.3 1481.6 

Site 2 23 22 1. 717 241.3 16436.1 714.6 

83.6 2196.2 

t-Ana1ysis Computations 

S- - = 46.86 x1 - x2 
t I : 1. 78 t = 1. 70 Sign. 

Comparison of "Before" Clipping Distance (Sites U-1 and U-3) 
The t-ana1ysis matrix to compare Utah site U-1 to U-3 is presented in 

Table G-43 
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Table G-43 T-Analysis Comparing U-1 to U-3 For The "Before" Condition 

1 2 3 4 5 6 7 

-Site n d. f. t. 10 X s2 2 2 
s- = S /n 

X 

Site 1 30 29 1.699 324.9 44447.3 1481.58 

Site 3 12 11 1.796 321.4 61189.1 5099.09 

3.5 6580.67 

t-Analysis Computations 

S- - = 81.12 x1 - x2 
t' = 0.04 t = 1.77 N.S. 

Comparison of "Before" Clipping Distance (Sites U-2 and U-3) 
The t-analysis matrix to compare Utah site U-2 to U-3 is presented in 

Table G-44 

Table G-44 T-Ana1ysis Comparing U-2 to U-3 For The "Before" Condition 

1 2 3 4 5 6 7 

Site d. f. t .10 
- s2 s-2 = s21n n X 

X 

Site 2 23 22 1. 717 241.3 16436.1 714.61 

Site 3 12 11 1. 796 321.4 61189.1 5099.09 

80.1 5813.70 

t-Analysis Computations 

s- - = 76.25 x1 - x2 
t I : 1.05 t = 1. 79 N.S. 
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Comparison of "After" Clipping Distance (Sites U-1 and U-2) 
The t-analysis matrix to compare Utah site U-1 to U-2 is presented in 

Table G-45 

lable G-4!:> 1-Analy~is Comparing U-1 to U-2 For The "After" Condition 

1 2 3 4 5 6 7 

Site d. f. - s2 s-2 = s2;n n t. 10 X 
X 

Site 1 28 27 1. 703 383.3 65848.8 2351.74 

Site 2 17 16 1. 746 344.5 47858.4 2815.20 

38.8 5166.94 

t-Analysis Computations 

S- - = 71.88 
xl - .)1..2 

t• = 0.54 t =1. 73 N.S. 

Comparison of "After" Clipping Distance (Sites U-1 and U-3) 
The t-analysis matrix to compare Utah sites U-1 to U-3 is presented in 

Table G-46 

Table G-46 T-Analysis Comparing U-1 to U-3 For The 11After" Condition 

1 2 3 4 5 6 7 

Site d. f. - s2 2 s2tn I 
n t .10 X s- = 

X 

Site l 28 27 1. 703 383.3 65848.8 2351.74 

Site 3 18 17 1.740 382.6 73410.5 4078.40 

0.7 6430.10 
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t-Analysis Computations 

s- - = 80.19 
xl - x2 

t' = 0.01 t = 1. 73 

Comparison of "After" Clipping Distance (Sites U-2 and U-3) 

N.S. 

The t-analysis matrix to compare Utah site U-2 to U-3 is presented in 

Table G-47 

Table G-47 T-Ana1ysis Comparing U-2 to U-3 For The "After" Condition 

1 2 3 4 5 6 7 

Site d. f. t ,10 
- s2 2 s2;n n X s- = 

X 

Site 2 17 16 1.746 344.5 47858.4 2815.20 

Site 3 18 17 1.740 382.6 73410.5 4078.36 

38.1 6893.56 

t-Analysis Computations 

S- - = 83.03 
xl - x2 

t' = 0.46 t = 1. 74 N.S~ 

Comparison of "Before" Clipping Distance (Site NC-1 and T-1) 
The t-analysis matrix to compare North Carolina site NC-1 to Texas site 

T-1 is presented in Table G-48. 
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Table G-48. T-Analysis Comparing NC-1 to T-1 for the 11 Before" Condition 

1 2 3 

Site n d. f. 

NC-1 21 20 
T-1 17 16 

t-Analysis Computations 

s- -x1 - x = 54.38 

4 5 6 

- 52 t .10 X 

1._125 290 ]_ 2.9.183 '8 

1.746 296.6 26652.2 

5.9 

t' = 0.11 t = 

Comparison of .. Before" Clipping Distance (Site NC-1 and U-1) 

~ 

5-2 = 52/n 
X 

11s:!Q 7() 

1567.78 

2957.48 

1. 74 

The t-analysis matrix to compare North Carolina site NC-1 to Utah site 
U-1 is presented in Table G-49. 

Table G-49. T-Analysis Comparing NC-1 to U-1 for the 11 Before11 Condition 

1 2 3 

Site n d.f. 

NC-1 21 20 

U-1 30 29 

t-Analysis Computations 

s- -x1 - x = 53.58 

4 

t.lO 

1. 725 

1.697 

t' = 

5 6 _J_ 

- s2 5-2 = 52/n X 
X 

290.7 29183.8 1389.70 

324.9 44447.3 1481.58 

34.2 2871.28 

0.638 t = 1.711 N.5. 
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Comparison of "Before" Clipping Distance (Site T-1 and U-1) 

The t-analysis matrix to compare Texas site T-1 to Utah site U-1 is 
presented in Table G-50. 

Table G-50. T-Analysis Comparing T-1 to U-1 for the "Before" Condition 

1 2 3 4 5 fi 7 

Site d. f. t .10 
- s2 s-2 = S2/n n X 

X 

T-1 17 16 1. 746 296.6 26652.2 1567 78 

U-1 30 29 1.699 324.9 44447.3 J4g1 .58 

28 3 304Q.36 

t-Analysis Computations 

S- - = 55.22 x1 - x t• = 0.512 t = 1. 723 N.S. 

Comparison of "After" Clipping Distance (Site NC-1 and T-1) 

The t-analysis matrix to compare North Carolina site NC-1 to Texas site 
T-1 is presented in Table G-51. 

Table G-51. T-Analysis Comparing NC-1 to T-1 for the 11 After" Condition 

1 2 3 4 5 6 7 

Site d.f. - s2 s-2 = s 2;n n t .10 X 
X 

NC-1 17 16 1. 746 163.8 15362.7 qn~.fiQ 

T-1 12 11 1.796 224.5 7nfi04. 9 5883.74 

60 7 6787.4::1 

t-Analysis Computations 

s- _ = a2. 39 
XI - X 

t• = 0.74 t = 1. 79 N .S. 
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Comparison of "After 11 Clipping Distance (Site NC-1 and U-1) 
The t-analysis matrix to compare North Carolina site NC-1 to Utah site 

U-1 is presented in Table G-52. 

Table G-52. T-Analysis Comparing NC-1 to U-1 for the "After" Condition 

1 2 3 4 5 6 7 

Site d. f. - s2 s-2 = s2;n n t.lO X 
X 

NC-1 17 16 1.746 163.8 15362.7 903 69 

U-1 28 27 1.703 383.3 65848.8 2351.74 

219.5 3255.43 

t-Analysis Computations 

s- - = 57.06 x1 - x 
t I : 3,35 t = 1. 71 Sign. 

Compar·ison of "After" Clipping Distance (Site T-1 and U-1) 
The t-analysis matrix to compare Texas site T-1 to Utah site U-1 is presented 

in Table G-53. 

Table G-53. T-Analysis Comparing T-1 to U-1 for the 11After" Condition 

1 2 3 4 

-
X Site n d.f. t.IO 

U-

t-Analysis Computations 

s- - = 90.75 x1 - x t• = 1. 750 t = 1.77 N.S. 
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Comparison of "Before" Clipping Distance (Site NC-2 and T-2) 
The t-analysis matrix to compare North Carolina site NC-2 to Texas site 

T-2 is presented in Table G-54. 

Table G-54. T-Analysis Comparing NC-2 to T-2 for the "Before" Condition 

1 2 3 4 5 6 7 

Site d. f. t.10 
- s2 s-2 = S2/n n X 

X 

NC-2 17 16 1. 746 301.3 55123.6 3242.56 

T-2 25 24 1.711 295.6 45466.4 1818.66 

5.7 5061.22 

t-Analysis Computations 

sx _ x = 71.14 
1 

t I : 0, 080 t = 1. 733 N.S. 

-~~mparison of "Before" Clipping Distance (Site NC-2 and U-2) 
The t-analysis matrix to compare North Carolina site NC-2 to Utah site 

U-2 is presented in Table G-55. 

Table G-55. T-Analysis Comparing NC-2 to U-2 for the "Before" Condition 

1 2 3 4 5 _6_ 7_ 

Site d.f. t .10 
- s2 s-2 = S2/n n X 

X 

NC-2 17 16 1. 746 301.3 55123.6 3242 56 

U-2 23 22 1.717 241.3 16436 _l _114 .61 

60.0 ~Q!17 17 

t-Analysis Computations 

s- - = 62.91 x1 - x t• = 0.95 t = 1. 74 N .S. 
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Comparison of "Before" Clipping Distance (Site T-2 and U-2) 
The t-analysis matrix to compare Texas site T-2 to Utah site U-2 is presented 

in Table G-56. 

Table G-56. T-Analysis Comparing T-2 to U-2 for the "Before" Condition 

1 2 3 4 5 6 7 

Site d.f. t .10 
- s2 s-2 = s2;n n X 

X 

T-2 25 24 1.711 295.6 45466.4 1818.66 

U-2 23 22 1.717 241 3 16436 1 714.61 

!14 :':! ?!1::!':1 27 

t-Analysis Computations 

s- _ = 50.33 
x1 - x t' = 1.08 t = 1.71 N.S. 

Comparison of "After" Clipping Distance (Site NC-2 and T-2) 
The t-analysis matrix to compare North Carolina site NC-2 to Texas site 

T-2 is presented in Table G-57. 

Table G-57. T-Analysis Comparing NC-2 to T-2 for the "After" Condition 

1 2 3 4 5 6 7 

Site d. f. - s2 s-2 = S2/n n t.10 X 
X 

NC-2 11 10 1.812 ~65.0 746R; ~ £7R9 EJ 

T-2 22 21 1 721 ~~I; Q ~t:\4~1:\ Q 1~1? no 

0.9 8401.66 

t-Analysfs Computations 

s- - = 91.66 
x1 - x 

t' = 0.01 t = 1. 79 N .S. 
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Comparison of 11 After11 Clipping Distance (Site NC-2 and U-2) 
The t-analysis matrix to compare North Carolina site 2 to Utah site U-2 

is presented in Table G-58. 

Table G-58. T-Analysis Comparing NC-2 to U-2 for the "After 11 Condition ... 

1 2 3 

Site n d.f. t. 10 
-X 

NC-2 11 10 

U-2 

t-Analysis Computations 

s- - = 98.oo x1 - x 
t I : 0, 209 t = 1. 79 N.S. 

Comparison of 11 After 11 Clipping Distance (Site T-2 and U-2) 
The t-analysis matrix to compare Texas site T-2 to Utah U-2 is presented 

in Table G-59. 

Table G-59. T-Analysis Comparing T-2 to U-2 for the "After 11 Condition 

1 2 3 4 5 _6_ ~ 

Site d.f. t .10 
- s2 s-2 = s2;n n X 

X 

T-2 22 21 1 . 721 365 9 35465Jl .1612 nq 

U-2 17 16 1. 746 344.5 47858.4 2815.20 

21.4 4427.29 

t-Analysis Computations 

s- - = 66.54 x1 - x t' = 0.322 t = 1. 74 N .S. 
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Comparison of .. Before" Clipping Distance (Site NC-3 and T-3) 
The t-analysis matrix to compare North Carolina site NC-3 to Texas site 

T-3 is presented in Table G-60. 

Table G-60. T-Analysis Comparing NC-3 to T-3 for the "Before" Condition 

1 2 3 4 5 _6_ 7 

Site d. f. t .10 
- s2 s-2 = s21n n X 

X 

NC-3 17 16 1. 746 241.1 22839.1 1343.48 

T-3 19 18 1.734 253.2 45584.00 2399.16 

12.1 _JN2.64 

t-Analysis Computations 

s- - a 61.18 
~1 - X 

t' • 0.20 t • 1. 74 N.S. 

Comparison of "Before" Clipping Distance (Site NC-3 and U-3) 
The t-analysis matrix to compare North Carolina site NC-3 to Utah site 

U-3 is presented in Table G-61. 

Table G-61. T-Analysis Comparing NC-3 to U-3 for the "Before" Condition 

1 2 3 4 5 6 _1_ 

Site d. f. - s2 s-2 = s21n n t.10 X 
X 

NC-3 17 16 1.746 241.1 22839.1 1343.48 

U-3 12 11 1.796 321.4 61189.1 5099.09· 

80.3 6442.57 

t-Analysis Computations 

s- - = ao.21 
~1 - X 

t' = 1.00 t • 1. 79 N .S. 
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Compa:ison of "Before" Clipping Distance (Site T-3 and U-3) 

The t-analysis matrix to compare Texas site T-3 to Utah site U-3 is presented 
in Table G-62. 

Table G-62. T-Analysis Comparing T-3 to U-3 for the "Before" Condition 

1 2 3 4 5 6 7 

Site d.f. t .10 
- s2 s-2 = s2;n n X 

X 

T-3 19 18 1.734 253 2 455_84 cO. 2399 _16 

U-3 12 11 1 .7Q6 ~?1 4 fi11AQ.1 _s.o_g_q ffi 

68.2 7498.25 

t-Analysis Computations 

s- - = 86.59 
x1 - x 

t I : Q, 79 t = 1. 78 N.S. 

Comparison of "After" Clipping Distance (Site NC-3 and T-3) 

The t-analysis matrix to compare North Carolina site NC-3 to Texas site 
T-3 is presented in Table G-63. 

Table G-63. T-Analysis Comparing NC-3 to T-3 for the 11 After11 Condition 

1 2 3 4 5 6 ~ 

Site d. f. t.IO 
- s2 s-2 = s 2;n n X 

X 

NC-3 12 11 1 Z96. 222 3 ?70RA F. 2252 . ...18 

T-3 16 15 1 753 251 0 40401:\ 7&\ ?J\?1:; ~.F\ 

28.7 4782.74 

t-Analysis Computations 

s- - = 69.16 
XI - X 

t' = 0.41 t = 1. 77 N.S. 
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Comparison of "After" Clipping Distance (Site NC-3 and U-3) 
The t-analysis matrix to compare North Carolina site NC-3 to Utah site 

U-3 is presented in Table G-64. 

Table G-64. T-Analysis Comparing NC-3 to U-3 for the "After" Condition 

1 2 3 4 5 h _] 

Site d. f. t .10 
- s2 s-2 = s2;n n X 

X 

NC-3 12 11 1.796 222.3 27088.6 2257.38 

U-3 18 17 1. 740 382.6 73410.5 4078.36 

160.3 6335.74 

t-Analysis Computations 

s- - = 79.60 x1 - x t' = 2.01 t = 1. 76 Sign. 

Comparison of "After" Clipping Distance (Site T-3 and U-3) 
The t-analysis matrix to compare Texas site T-3 to Utah site U-3 is presented 

in Table G-65. 

Table G-65. T-Analysis Comparing T-3 to U-3 for the "After" Condition 

1 2 3 4 5 6_ ]_ 

Site d. f. t.10 
- s2 s-2 = s2;n n X 

X 

T-3 16 15 1. 753 251.0 40405.75 2525.36 

U-3 18 17 1. 740 382.6 73410.5 4078.36 

131.6 6603.72 

t-Analysis Computations 

s- -x1 - x = 81.26 t I : 1.62 t = 1. 74 N.S. 
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Summary of ANOVA and T-Analysis 
From the ANOVA Analysis, Clipping Distance was indicated as the only 

measure with any statistical reduction. The statistical significance was 
found to be between States and Treatments. 

A surrmary of the increases or decreases in the "before., and 11after" data 
are summarized in the following tables. 

Table G-66. Clipping Distance 
Table G-67. Clipping Occurrence 
Table G-68. Number of Passes Initiated within 1000 Feet of the No-Passing 

Zone 
Table G-69. Total Passing Distance for Vehicles Initiating a Pass within 

1000 Feet of the No-Passing Zone 
Table G-70. Number of Zones through which Vehicle Trailed Prior to 

Initiating a Pass 

The decreases and increases for Clipping Distance are statistically 
significant. The decreases and increases for the other measures were not 
statistically significant; they were considered apparent trends. 

* Table G-66. Clipping Distance 

1 2 3 

Treatment 

State Combination Pennant 
North 
Carolina Decrease Increase 

Texas Decrease Increase 

Utah Increase Increase 

* Statistically significant 

6-51 
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Marking 
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Table G-67. Clipping Occurrence 

1 2 3 4 

Treatment 

State Combination Pennant Marking 

North 
Carolina Decrease Decrease Decrease 

Texas Decrease Increase Decrease 

Utah Decrease Decrease Increase 

Table G-68. Number of Passes Initiated within 1000 Feet of 
the No-Passing Zone 

1 2 3 4 

Treatment 

State Combination Pennant Marking 
North 
Carolina Decrease Decrease Decrease 

Texas Decrease Decrease Decrease 

Utah Decrease Increase Decrease 
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Table G-69. Total Passing Distance for Vehicles Initiating 
a Pass within 1000 Feet of the No-Passing Zone 

1 2 3 4 

Treatment 

State Combination Pennant Marking 

North 
Carolina Decrease Increase Decrease 

Texas Decrease Increase Decrease 

Utah Decrease Increase Increase 

Table G-70. Number of Zones through which Vehicle Trailed 
Prior to Initiating a Pass 

1 2 3 4 

Treatments 

State Combination Pennant Marking 
North 
Carolina Decrease Increase Decrease 

Texas Decrease Increase Increase 

Utah Decrease Decrease Decrease 
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The T-Analysis indicated only one incidence of significance in the "before .. 
data~ between Utah sites -- U-1 and U-2 (Table G-42). With the standard t·1UTCD 
markings, there was some significant· differences between the average clipping 
distance at these two Utah sites. 

Statistical significance was found for four "after" data test. 

NC-1 (combination) vs NC-2 (pennant)-(Ref. Table G-33) 
vs T-3 {marking)-(Ref. Table G-41) T-2 (pennant) 

NC-1 (combination) 
NC-3 (marking) 

vs U-1 (combination)-{Ref. T&ble G-52.) 

vs U-3 {marking)-(Ref. Table-6:.64) 

A lower average clipping distance was exhibited for North Carolina site 
NC-1 than for North Carolina site NC-2. A lower average clipping distance 
for Texas site T-3 than for Texas site T-2 was also exhibited. 

Lower average clipping distances were observed for North Carolina sites 
NC-1 and NC-3 than for the corresponding Utah sites. 
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Nighttime Statistical Analysis 

ANOVA Analysis was used to determine any significant differences in the 
day and nighttime performances for the five measures. F-tests were performed 
for Before-After and Day-Night. 

Clipping Occurrences 
Data in the ANOVA r1atrix, Table G-71, are for Texas site T-2. Data for 

Texas site T-3 are found in the ANOVA matrix, Table G-72. The data in these 
tables represent the day and night clipping occurrence for the before and 
after conditions, as shown in Table G-73. 

Table G-71. ANOVA Matrix- Texas site T-2, Clipping 
Occurrence (percent) 

1 2 3 4 

T-2 Day Night Sum (r) 

Before 39.7 63.9 103.6 

After 44.9 68.5 113.4 

Sum (L:) 84.6 132.4 217.0 

Analysis Computations 

Corr. = 11772.3 

Total = 595.3 

Tss = 571.2 

5ss = 24.0 

Ess = 0.1 

TMS = 571.2 

5MS = 24.0 

EMS = 0.1 
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FO-N = 5712.0 
FOay-Night 

FB-A = 240.0 
FBefore-After 

Ftable = 39.9 

Table G-72. ANOVA Matrix - Texas site T-3, 
Clipping Occurrence (percent) 

1 2 3 4 

T-3 Day Night Sum (r) 

Before 36.5 40.0 76.5 

After 28.6 37.5 66.1 

Sum (r) 65.1 77.5 142.6 

Analysis Computation 

Carr = 5083.7 

Total = 72 .. 8 

Tss = 38.4 

sss = 27.0 

Ess = 7.4 

TI,1S = 38.4 

SMS = 27.0 

E~1S = 7.4 

FD-N = 5.191 Foay-Night 
FB-A = 3.65 . .. 

FBefore-After 
Ftable = 39.90 

G-56 
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Table G-73. Passing Maneuver Meusureltl'r:ts -- Clipping Occurrence 

-~--;-r·;-r_~~_lli- --
11 _12 13 

Texas T-3 --
~---~-- _.Q2. Nioht 

N - _ _;_ -- ...... c __ -~- r-L- c N 

Before 25 63 39.7 &I 63.9 19 5% 36.5 22 55 

After 22 49 44.9 54 68.5 16 56 28.6 21 56 

~J_e_s.: C = Nui!Der of vehicles that clipped during a criterion pa~sing maneuver 

N = Nunber of criterion passes 

Clipping Distance 

_ _L_ 

40.0 

37.5 

Data in the ANOVA f·1atrix, Table G-74, are for Texas site T-2. Data for 
Texas site T-3 are found in the ANOVA matrix, Table G-75. The data in these 
tables represent the day and night average clipping distance for the before 
and after conditions, as shown in Table G-76. 

Table G-74. ANOVA Matrix - Texas site T-2, 
Clipping Distance (feet) 

1 2 3 4 

T-2 Day Night Sum (r) 

Before 295.6 389.1 684.7 

After 365.9 529.1 895.0 

Sum {r.) 661.5 918.2 1579.7 

Analysis Computations 

Corr = 623863.0 

Total = 28744.8 

Tss = 16473.7 

5ss = 11056.5 

Ess = 1214.6 
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TMS = 16473.7 

s~1S = 11056.5 

E~1S = 1214.6 

FD-N = 
!3.56 I 

FDay-Night 
FB-A = 9.10 

FBefore-After 
Ftable = 39.90 

Table G-75. ANOVA Matrix - Texas Site T-3, 
Clipping Distance (feet) 

1 2 3 4 

T-3 Day Night Sum (rl 
Before 242.7 335.6 578.3 

After 251.0 252.4 503.4 

Sum ( L:) 493.7 588.0 1081.7 

Analysis Computations 

Corr = 292518.7 

Total = 5718.7 

Tss = 2223.1 

sss = 1402.5 

Ess 
= 2093.1 

TMS = 2223.1 

s~1S = 1402.5 

EHS = 2093.1 
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FO-N = 1.061 FDay-Ni ght 
FB-A = 0.67 

FBefore-After 
Ftable = 39.90 

Table G-76. Passing ~1aneuver Measurements 
Clipping Distance 

1 2 3 4 5 

Texas T-2 Texas T-3 

Day Niqht Day Niqht 

Before 295.6 389.1 242.7 335.6 

After 365.9 529.1 251.0 252.4 

. Not Si gni fi cant .. 

Number of Passes Initiated within 1000 Feet of the No-Passing Zone 
Data in the ANOVA Matrix, Table G-77, are for Texas site T-2. Data for 

Texas site T-3 are found in the ANOVA t1atrix, Table G-78. The data in these 
tables represent the day and night number of passes initiated within 1000 
feet of the no-passing zone for the before and after conditions, as shown in 
Table G-79. 

Table G-77. ANOVA Matrix- Texas site T-2, 

1 

T-2 

Before 

After 

Sum (L:} 

Number of Passes Initiated Within 
1000 Ft. of No-Passing Zone (Percent) 

2 3 4 

Day Night Sum (r) 

50.8 45.9 96.7 

42.9 51.9 94.8 

93.7 97.8 191.5 
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Analysis Computations 

Corr = 

Tota1 = 

Tss = 

5ss = 

Ess = 

= 

= 

= 

FD-N 

FB-A 

F table 

= 

= 

= 

9168.1 

53.4 

4.2 

0.9 

48.3 

4.2 

0.9 

48.3 

0.091 
0.02 

39.90 

FDay-Niqht 

FBefore-After 
Not Significant 

Table G-78. ANOVA Matrix - Texas site T-3, Number 
of Passes Initiated within 1000 Feet 
of No-Passing Zone (Percent) 

1 2 3 4 

T-3 Da.v Niaht Sum (1:} 

Before 30.8 30.4 _61 .2 

After 28.6 23.2 51.8 

Sum (1:) 59.4 53.6 113.0_ 
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Analysis Computations 

Corr = 3192.3 

Total = .16.7 

1ss = 8.36 

\s = 22.0 

Ess = 6.34 

TMS = 8.36 

5MS = 22.0 

EMS = 6.34 

FD-N = 1.34 

FB-A = 3.53 Day-Night Not Significant 
Before-After 

Ftable = 39.9 

Tab 112 G-79. Passing Naneuver Measurement -- Nuni>er of Passes lni ti a ted within 1000 Feet 
fo the Nu-PassJnq zoj (perentl -·-r 

.--~-y-;-~;~-_ _.L= _s ___ 6 --~-.--~I 9 10 11 12 13 

~~----~-__ T:.=-e:.:.:xa:.rs J.:1_ ___ -----f-· T1>xa~ T-3 

D Night nav Ninh ..._--r.:::.:aL ,---- ··----.-.!:!.:!.l4\c.--i---,~.J~---+--~~..._---I 

1-----~C.__~N'-1--~"-~ ___ L __ .!L __ ...._'l._._..r:_ N '1: c N 'l: 

Gefore 32 63 50.8 28 61 4!i. 'J 16 52 30.8 II<;,; '!tl41 

After 21 49 42.9 28 54 51.9 16 56 28.6 13 56 23.2 
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Total Passing Distance for Vehicles Initiating a Pass within 1000 Feet of the 
No-Passing Zone 

Data in the AAOVA ~1atrix, Table G-80, are for Texas site T-2. Data for 
Texas site T-3 are found in the ANOVA t1atrix, Table G-81. The data in these 
tables represent the day and night total passing distance for vehicles 
initiating a pass within 1000 feet of the no-passing zone for the before and 
after conditions, as shown in Table G-82. 

Table G-80. ANOVA Matrix - Texas site T-2, 
Total Passing Distance for Vehicles 
Initiating a Pass within 1000 Feet 
of the No-Passing Zone (feet) 

1 2 3 4 

T-2 Day Night Sum (I:) 

Before 888.7 1022.6 1911.3 

After 930.3 1195.0 2125.3 

Sum (I:) 1819.0 2217.6 4036.6 

Analysis Computation 

Corr = 4073534.9 

Total = 55446.6 

Tss = 39720.5 

5ss = 11449.0 

Ess = 4277.1 

Tf1S = 39720.5 

s~1S = 11449.0 

E~·1S = 4277.1 
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FD-N = 9.29 
FDay-Ni ght 

FB-A = 2.68 F Before-After 
F = table 39.90 

Table G-81. ANOVA Matrix- Texas site T-3, 
Total Passing Distance for Vehicles 
Initiating a Pass within 1000 Feet 
of the No-Passing Zone (feet) 

1 2 3 4 

T-3 Day Night Sum (1:) 

Before 936.4 997.0 1933.4 

After 890.9 987.9 1878.8 

Sum (r) 1827.3 1984.9 3812.2 

~nalysis Computations 

Corr = 3633217.2 

Total = 7286.0 

Tss = 6209.5 

sss = 745.3 

Ess = 331.2 

TMS = 6209.5 

sr.1S = 745.3 

EMS = 331.2 

FD-N = 18.751 
Foay-Night 

FB-A = 2.25 
FBefore-After 

F = 39.90 table 
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Table G-82. Passing Maneuver Measurements 
Total Passing Distance For Vehicles 

Initiating A Pass Within 
1000 Ft. of the No-Passing Zone 

1 2 3 4 5 

Texas T-2 Texas T-3 

Day Night Day Night 

Before 888.7 1022.6 936.4 997.0 

After 930.3 1195.0 890.9 987.9 

Number of Zones through which Vehicle Trailed Prior to Pass Initiation 
Data in the ANOVA t1atrix, Table G-83, are for Texas site T-2. Data for 

Texas site T-3 are found in the ANOVA Matrix, Table G-84. The data in these 
tables represent the day and night number of zones through which vehicle 
trailed prior to pass initiation for the before and after conditions, as 
shown in Table G-85. 

Table G-83. ANOVA Matrix- Texas site T-2, Number 
of Zones through which Vehicle Trailed 
P . t I ·t· t• P r1or 0 n1 1a 1 nq a ass 

1 2 3 4 

T-2 Dav Ni aht Sum (1:) 

Before 1. 32 1.13 2.45 

After 1. 35 1.33 2 68 

Sum (1:) 2.67 2.46 513 
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Analysis Computations 

Carr = 6.58 

Total = 0.031 

Tss = 0.01 

5ss = 0.012 

Ess = 0.009 

T~1S = 0.010 

SMS = 0.012 

EMS = 0.009 

FD-N = 1.11 
FDay-Night 

FB-A = 1. 33 
FBefore-After 

F = table 39.90 

Table G-84. Texas site T-3, Number of Zones 
through which Vehicle Trailed Prior 

~ 
1 

I to r:ttiatfng • :ass 

~--~D~ay~--+--~~--~~~~~ 
Before 1.17 1.18 2.35 

After 

Sum (r 2.53 2 
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Analysis Computation 

Corr = 6.027 

Total = 0. 021 

Tss = 0.003 

5ss = 0.011 

Ess = 0.007 

T~1S = 0.003 

SMS = 0.011 

EHS = 0.007 

FD-N = 0.429 
FDay-Night 

FB-A = 1.571 Not Si gni fi cant 
F 

F = 39.900 Before-After 
table 

Table b-85. Passing Maneuver Measurements -- Number of Zones through which Vehicle Trailed 
Prior to Pass Initiation -

1 2 3 _4 5 6 7 8 9 10 11 12 13 

Texas T-2 Texas T-3 

Day Night Day Niaht 

c N % c N ,; c N % c N _l_ 

Before 83 63 1.32 69 61 1.13 61 52 1.17 66 56 1.18 

After 66 49 1.35 72 54 1.33 76 56 1. 36 67 56 1.20 __ ....__ 

Notes: C =Number of zones trailed 
N =Humber of criterion vehicles passing 
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The ANOVA Analysis revealed statistical significance for Clipping Occurrence 
at Texas site T-2. Significance was indicated for both Day-Night and Before
After. Chi-square tests were conducted to further evaluate this measure. 

Chi-Square 
The chi-square test involved a 2 x 4 contingency table to deterMine row or 

column pffPct•, in Clipplnq Ou:urTc•nu·. Jf l.hb, te•;t uroved ~i~rrdffcant, then 

2 - 2 x 2 tables were tested to determine Day-Night or Site effects. Before 
and after data were tested separately. 

To test for Day-Night effects, daytime data fr·om Texas site T-2 and T-3 
were combined into one value. Similarly, nighttiMe data were combined. 

Testing for site effects required the combination of daytime data and 
nighttime data from Texas site T-2 into one value. Texas site T-3 data were 
similarly combined. 

The chi-square analysis revealed significance between sites and between 
Day-Ni~ht for both the "before" and "after" conditions. 

To Test Row and Column Effects for the "Before" Condition 

Data in Table G-86 were used to test for row and column effects for the 
"before" condition. 

Table G-86. Z x 4 Contingency Table for the "Before" Condition 

1 z 3 4 5 6 7 

Te~as T-2 Texas T-3 
TOTAL 

Day Night Day Ni!Jht 

f 39.68 63.93 36.54 40.00 

% Clip F 45.04 45.04 45.04 45.04 180.15 

f-F -5.36 18.89 -8.50 -5.04 

f 60.32 36.07 63.46 60.00 

~ r:oC1ip F 54.96 54.96 54.96 54.96 219.85 

f-F 5.36 -18.89 8.50 5.04 

TOTAl 100.00 100.00 100.00 100.00 400.00 

F = (row total) (col~n total) 
---------

n 

n " 400 (s~. col~n 7) 
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Analysis Computations 
2 

2 - I: (f;l) x cal - r 

= (5.325)
2 

+ (18.875)
2 

45.025 45.025 
+ . . . + ( 5. 025)~ 

54.975 

= 19.52 

d.f. = (R-1) (C-1) = (2-1) (4-1) = 3 

x2
tab @ 10% = 6.25 

2 2 
x cal > x tab Si gni fi cant 

To Test Day and Night Effects for the "Before" Condition 
Data in Table G-87 were used to test day and night effects for the ''before" 

condition. 

Table G-87. Day and Night Effects for the 
"Before" Condition 

1 2 3 4 5 

Day Night TOTAL 

f 38.26 52.59 

%Clip F 45.43 45.43 90.85 

f-F -7.17 7.16 

f 61.74 47.41 

% NoClip F 54.58 54.58 109.15 

f-F 7.16 -7.17 

TOTAL 100.00 100.00 200.00 
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Note: (row total) (column total) 
F = 

n 

11 - ?(l(i (\IIIII, t:rdtllllrl 11) 

Day = Texas site T-2 day + Texas site T-3 day 
Night = Texas site T-2 night + Texas site T-3 night 

Analvsis Computations 

2 
x cal = 4.14 

d.f. = 1 

2 
x tab= 2.71 

2 2 
x cal > x tab Significant 

To Test Site Effects f_.9._r the "Before" Condition 

Data in Table G-88 were used to test site effects for the "before" 
condition. 

Table G-88. Site Effects for the "Before" Condition 

1 2 3 4 5 

Site 2 Site 3 TOTAL 

f 51.61 38.32 

%Clip F 44.97 44.97 89.93 

f-F 6.64 -6.65 

f 48.39 61.68 

F 55.04 55.04 110.07 

f-F -6.65 6.64 

TOTAL 100.00 100.00 200.00 
Note: (row total) (column total) 

F = 
n 

n = 200 (sum, column 5) 

Site 2 = Texas site T-2 day + Texas site T-2 night 
Site 3 = Texas site T-3 day + Texas site T-3 night 
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Analysis Computations 

2 
x cal = 3.57 

d.f. 1 
2 2 Significant = x cal > x tab 

2 
x tah ::- 2. 71 

To Test for Row and Column Effects for the "After11 Condition 
Data in Table G-89 were used to test for row and column effects for the 

11 after 11 condition. 

Table G-89. 2 x 4 Contingency Table for the "After" Condition 

1 

----

~ 

Clip 

'• No 

Clip 

Total 

Note: 

Analysis Computations 
2 

x cal = 35.55 

d. f. = 3 

2 
x tab = 6.25 

2 3 4 

Texas T-2 

Day Night 

f 44.90 68.52 

F 44.87 44.87 

f-F 0.03 23.65 

f 55.10 31.48 

F 55.13 55.13 

f- F -0.03 . 23.65 

100.00 100.00 

F ~ Lr:£.w tab 1 e)( co 1 umn tota 1 l .. 
n 

n = 400(sum column 7) 

i cal > 
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5 6 7 

Texas T-3 Total 
Day !light 

28.57 37.50 

44.87 44.87 179.49 

-16.30 -7.37 

71.43 62.50 

55.13 55.13 2?0.51 

16.30 7.37 

100.00 100.00 400.00 

2 
x tab Si gni fi cant 



To Test Day and Night Effects for the 11 After11 Condition 
Data from Table G-90 were used to test for day and night effects for the 

11 after11 condition. 

1 

% 

Clip 

% No 

Clip 

Total 

Note: 

Analysis Computations 

i = 5.54 cal 

d. f. = 1 

i cal - 2. 71 

Table G-90. Day and Night Effects 
for the 11 After 11 Condition 

2 3 4 

Day Night 

f 36.19 52.73 

F 44.46 44.46 

f-F -8.27 8.27 

f 63.81 47.27 

F 55.54 55.54 

f-F 8.27 -8.27 

100.00 100.00 

F = (row total)(column total) 
n 

n = 200 (sum column 5) 
Day = Texas site T-2 day + Texas 

site T- 3 day. 

5 

Total 

88.92 

111.08 

200.00 

Night = Texas site T-2 night + Texas 
site T-3 night. 

> 2 
x tab 
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To Test Site Effects for the "After" Condition 
Data from Table G-91 were used to test for site effects for the "after" 

condition. 

1 

% 

Clip 

% No 

Clip 

Total 

Note: 

Analysis Com2utations 

2 
x cal = 11 .86 

d. f. = 1 

2 
2. 71 x tab = 

Table G-91. Site Effects for the 
"After" Condition 

2 3 4 

Site 2 Site 3 

f 57.28 33.04 

F 45.16 45.16 

f-F 12.12 -12.12 

f 42.72 66.96 

F 54.84 54.84 

f-F -12.12 12.12 

100.00 100.00 

F = (row total)(column total) 
n . 

n = 200 (sum column 5) 

5 

Total 

90.32 

109.68 

200.00 

Site 2 = Texas site T-2 day + Texas site 
T-2 night 

Site 3 = Texas site T-3 day+ Texas site 
T-3 night 

x2 > 2 . Significant cal x tab .. 
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