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SUMMARY OF FINDINGS

This report is the third in d series which will document research conducted
on various aspects of urban freeway guide signing'in Texas. This particular
report documents ten Taboratory studies investigating several problem areas
in urban freeway guide signing. These problem areas were selected based on
a 35 mm slide inventory and film inventory of al]rroute guidance signs along
major freeways in Houston and Dallas, Texas.

The first area investigated was terminology motorists prefer to use to
get to the downtown area. The results of this study indicaté that, as motorists
approach the city Timits and progress towards the loop area, they prefer the
city name (e.g., Denver) or Downtown. Around the loop area and as they progress
towards the downtown area, motorists prefer to see'Downtown and/or Business.

As they approach an intersecting freeway leading to the downtown area, they
prefer Downtown and/or the name of a major arterial in the dowhtown afea. As
motorists approach the downtqwn area, they prefer to see the name of the street
their destination is on or a major arterial they are familiar with.

The second area investigated was formatting and method of presenting
route transfer information. The studies performed in this area indicated that
motorist key on both destination routes and control city names. As a minimﬁm,
the destination route may be used along if needed. When presenting this
information, the legend on the signs should be the same from the first advance
guide sign to the exit direction sign.

The third area involved the reading times of freeway guide signs. The
results of this study indicated that, as beth the amount of information on
each panel and the number of panels increased, the accuraéy level decreased

proportionally and the reading time increased. It was determined that the
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optimum level of information on each sign panel was about six "bits" of information.
The fourth area investigated the target value of different types and

shapes of route guidahcelshie]ds. In Texas, the state routes are rectangular in

shape and have a higher target value than either ihevInterstate'or U.S. route

shields. The results of this laboratory study showed that thé étate route shield

had the same target value as the.other shields when the state'shiélds were one

size smaller.

The fifth area studied involved motorists' understandiné of concurrent
route markers. The results -of this study indicated that the subjects neithér
(1) generé}]y understood the meaning of concdrrent route markers nor (2) were
awareé of their presence along Interstate fregways. The squects indicated that,
if they traveled maih]y on an Interstate route td their destination, they wanted
only Interstate route information. Similar findings a]sorwére"noted for motorists
traveling mainly on aﬁ U.S. .numbered route. If an U.S. route joins an Interstate,
the U.S. route marker could be presented twice and then dropped. Before the U.S.
route leaves the Interstate, the U.S. route marker should reappear twice before
exit guide_signing of the U.S. highway from the Interstate begins. A_more
desirable solution is to avoid concurrent routing of an U.S. highway over an
Interstate, particularly +in urban areas. . _

'The sixth area of study consisted of eva]uatiﬁg drivers' responses td
Jjunction signing of U.S.-Interstate concurrent routes. Two types of concurrent
routing systemsrwere considered: (1) where the Interstate and U.S. routes were
concurrent over the entfre trip and (2) where the U.S. highway joined the
Interstate for a short distance and where the motorists evaiuated had been
traveling the U.S. numbered route before it joined the Interstate. The results

of this study supported the findings of the previous one. Route selection times
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of drivers at the exit junction of the U.S. highway from the Interstate were
longer in Case 2 (above) than in Case 1. |

The seventh critical area involved the types of cities to be used as
control cities and the location within an urban area where the control city
name shou]d.change. The results indicated that motorists brefér 1arge cities
(population over 100,000) and not smaller cities as the control'city; The
Tocation at which the control city name should change is after the motorists
have left the downtown area and are headed awéy from the city.

The eighth area involved presentation of suburb city information when the
suburb is within a large metropolitan area. The results indicated that when
the term Downtown is used in the legend with another familiar city name the
motorists tend to think'the term Downtown app]ies‘to the downtown section of
the familiar city and not with the suburb. Therefore, the suburb name and the
term Downtown should not be used together on the same sign panel. If it is
desired that the suburb should appear on the same sign panel with another
familiar city, the name of the suburb should be used and not fhe term Downtown.
Also, it was found that the ferm Downtown is easily associated with ggz_major
city name and, therefore, should not be used on a sign panel with any other
city name except the central city name of the metrop011tan area.

The ninth area stud1ed involved signing for closely spaced r1ght hand exits
where both exits must be signed for on the same sign structures. Two situations
were studied. The first was an exit only situation and the second was -an optional
exit lane.A The results for the first situation indicated that at both the one
and two mile advance sign, both destinations be shown on the same panel with an
exit only panel attached. Approximately one-half mile upstream a diagrammatic

would be useful. Due to the economics involved using diagrammatic sign, an
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| alternative conventional sign has been designed; As the motdrists approached
the first gore eéch destination would be placed on a separate panel with an
exit only panel aftached to the sign for the exit only 1éne. For the optiona]_
lane situation the subjects preferred each'destination to be placed on separate
signs indicating the distances to each exit gore pdint. At the one-half mile
}locafion a diagrammatic is not hecessary. -

The‘tenth area stﬁdiéd involved alternative éigning systems for left-hand
exits. In this particu]ar‘aréa,,three situations were considered. The first
dealt With dual 1eft-handrexifs, the second with éising]e left-hand exit which
s an option;]ane_and the third with a single 1eftahand exit which.is an exit
on]y lane. 1In each of these situations, the signs weferplaced one-mile from
_ the exit, one-half mile from the exit_and at the gore}areé, .SeVeraT alternative
signing systems and one recommended signing system have been developed for each

of these situations.




Implementation

Due to the severfty of the problems and complexity .of urban freeway guide
signing 1in 1arge urban areas the resuTts-of these jaboratory}studies should be
implemented as soon aS-bossible; These-laboratory:studies were developed to
address the more pressing problems involved with urbén freeway guide signing as
exist today in the State of Texas. ' | | |

The results of the Taboratory studies in the ten areas uﬁder investigation.
indicate modifications to existing freeway guide sﬁgning which wj]l increase the -
operational efficiency along urban freeways and reduce driveﬁ confusioh. These
results will be incorporeted.in a comprehensive freeway_guide signing methodology

to be developed at the conclusion of this research.
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Disclaimer

The contents of this report reflect the views of the authors who are respon-
sible for the facts and the accuraty of the data presented herein. The contents
do not necessarily reflect the official views of,po]icies of the Federal Highway

Admfnistration. This report does not constitute a standard, specification, or

regulation.
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CHAPTER 1
INTRODUCTION

The following sections describes the study areas, objectiVes,_résearch
methodo]dgy and results of the laboratory studies berformed as a parf of
the project’"EvaluatingﬂUrban Freeway Guide'Sighing" cbndUCted for the State
Department of Highways and Public Transportation, Contract Number 2;18-77—220.
- The purpose of this project was to study the existing freeway guide signing
techniques used in the state of Texas to isolate those techniques'which affect
both traffic operation along urban freeways and driver behavior as they are
;trave11ing along fhe freéways and approaching major interchanges. Urban free-
way guide signing throughout Texas is becoming more complex and the problem
associated with route guidancé is reaching major proportioh as more and more
motorists are added to the urban freeways each year. The State Department
of Highways and Public Transportation wanted to study the overall route
guidance signing system currently being used to determine areas in which
major modifications could be implemented to increase operation and safety

along urban freeways.

A. Human Factors Laboratory

The laboratory studies were conducted in the Human Factors Labokatony
located in the Zachry Engineering Center at Texas A&M University. The labora-
tory consisted of two rooms separated by a glass wall. One side of the glass
is painted white, forming the screen for the rear projection system. In one
room, the slide projector and a mirror were arranged in such a manner that the

| slides were pkojected indirectly onto the glass projection screen. In the
other room, six tables were placed for the subjects and the laboratory support

personnel.
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B. Test Subjects

The subjects selected to participate in these studies were selected on
the basis of age, sex, educational background and a valid driver's 1icensé{
Table 1-1 represents the theoretical distribution of 100 subjects to be Qsed
in these studies. Table 1-2 represents the actual distribution of the subjects
used in all of the studies. A subject pool of faculty, staff, students and -
non-university emb1oyeesrwas established to participate in these studies.

Each laboratory session took apbroximate]y one hour from the time the
subjects entered the room until they vacated the room. A maximum Qf five
subjects wererschedu1ed for each hour session. This maximum was established
due to the limitation of the recording equipment and the tﬁme required fof

the laboratory support personnel to mdnua]ly»reccﬁd the data.

C. Test Equipment

The equipment used in these laboratory studies consisted of:

1. One Kodak Carousel 35 mm projector,

2. One Reaction Timer,

3. One student responder master console,

4. Five student responder units, and

~ One Kodak AV-450 Audip—Viewer ‘

The reaction timer was uSed'in those laboratory studies designed to
obtain the subjecté response times to various stimuli. The Kodak AV-450
audio-viewer was used in those studies requiring sét projectioh times for
various slide presentations. The audio-viewer advanced the slides at pré—
scribed intervals and provided instructions to the subjeéts once the'auté—

mated portion of the study commenced.
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Table 1-1

Theoretical Distribution of 750 Male and Female Drivers, 18 Years of Age
and Older, Completing the Educational Level Shown*

High School R College
1-3 4 1-3 4 or more ~ Totals |
Age Groups Elementary Years Years Years Years
18-24 - 38 | 78 53 30 8 203
25-34 ‘15 23 53 22 23 , : 136
35-44 15 23 45 15 14 | 112
45-54 30 23 37 15 14 - 119
55-64 30 15 22 - 15 8 90
Over 64 52 15 15 8 -0 ] 90
Total | . 180 173 225 - 105 . 67 750
Cumulative | : : ' “ u
Total 180 353 578 683 : 750
Cumulative 0 : 9 g 9 ,A 0
Percent 24% | 47% 77% 914 100% .

*Adopted from United States Statistical Abstract, U.S. Buréau of the Census,
Washington, D.C., U.S. Printing Office, 1971, and Highway Statistics, U.S.
~ Department of Transportation, Washington, D.C., U.S. Printing Office, 1973.
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Table 1-2

Actua1 Distribution of A1l Subjects Participatihg
in A1l of the Laboratory Studies

High School - College
: 1.3 4 1-3  d4ormre | Totals
Age Groups Elementary ‘Years  Years Years Years
18-24 3 | 2 x99 2 | 178
25-34 30 40 75 29 43 - 217
35-44 22 - 23 47 23 3 118
45-54 29 29 49 9 4 . 120
55-64 46 25 20 3 10 104
Over 64 1 0 0 0o 12 , 13
Total o131 | 189 223 143 94 | . 750
Cumulative | o . o , | o |
Total 131 290 | 513 656 750
Cumu1ativeb | - 1. 0 o 20 9
Dercart 17% 39% 68% 87% 100%
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D. 'Study Areas .

At Tleast one 1aboratory study was conducted in the following study areas:

1. -Study Area 1 - Designation of Routes to the Downtown-Area

2. Study Area :2 Formatting and Method of,PreSenting?Routé_

| Transfer Information |

3. Study Area 3 - Reading Times of FreewayAGuide Signs

4. Study Area 4 - Target Value of Different Types of Route

| Guidance Shields |

5. Study Area - Concurrent Signing - Motdrist Uhderstandihg
6; Study Area - Concurrent Signing - Routé Number Transfer
7. Study Aréé Control City Information

8. Study Area 8 - Suburb Signing

O (0] ~I (o)) (8]
1

9. Study Area - Right-Hand Interchanges Exiting Systems
10. Study Area 10 - Left-Hand Exit Signing Study
The objectives of each of these study areas will be described in greater detail

in the appropriate sections of this report.







CHAPTER 2
STUDY AREA 1 - DESIGNATION OF ROUTES TO THE DOWNTOWN AREA
A. Objectives

The major objective of this study area is to determine the most
appropriate terminology uéed to guide_motorists to the downtown areé, keep-
ing in mind the terminology may change depending on their present iocation
along the route. As motorists get closer to the downtown area, their pre-

_ férence in terminology may shift from more general terms, such as "Downtownf
or "the city name", to more specific terminology, such as the "name of a
major arterial” leading into the downtown area. Another dbjective of this
study is to determine whether the terminology motorists expect to see on the
guide signs is the same or different than the tefmino]ogy they would prefer

to seé on the guide signs.

B. Research Methodology

This study area was investigated using two laboratory studies. The
first was designed to determine the termino1ogy motorists expect and the
terminology motoriéts\prefer to see at four different 1ocations along their
route. These four Tocations were:

‘1. Near the city 1imits enterihg the urban arga,'v

2. Neaf the intersection with the loop around the urban area, -

3. Neér'their exit with the intersecting freeway leading io the

_downtown area, and

4. Near their exit with the major arterial leading to their destination.

In the first study, the subjects were presented wfth a hypothetical
situation. They were told they were traveling to a}destination on Lamar
Street in the downtown section of Denver. Their point of origin was a town,

Jefferson, approximately 50 miles southwest of Denver. Six different one-
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word messages were presented at each of these four locations. These one-
word messages used in this study were: | |
1. Downtown,
CBD (Central Business District),
Denver CBD,

Business,

[S2 B~ TR ”° B\ ]

Denver, and
6. Lamar Street
In addition to the six one-word messages, six two-word messages were
also presented at each location. These messages were:
1. Downtown - Denver
Busineés - Denver
Denver CBD - Lamar Sfreet
Business - Denver CBD

Downtown - Lamar Street

Sy O AW

Business - Lamar Street

The subjects were presented a slide showing their present 1ocation.
preceding the test sign é]ide. This provided a visual reference for them
-to use in their decision. The test slide appeared and the subjects were
asked to choose thé sign or signs they=wouﬁd~expect to see at thié location.
With the test slide still projected, the subjects were asked to choose the
sign or signs they would prefer to see at this location. The subjects wou]é
push any buttonvnumbered one through seven on their student responder. |
Buttons numbered one through six corresponded to:one of the test messages being
studied. Button number seven was used only if the subjects did not either
expect or prefer to see any of the test messages at a particular location

or they did not 1ike any of the test messages being studied. Immediately
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following the test slide with the one-word messages, a test slide containing

the two-word messages was projected. The subjects were required to respond
to the two-word messages in the same manner they responded to the one-Word
messages. 7

The seéond'étudy'was a decision-time study of the six one-word messages.
Each meséage was presented at each of the four locations listed previously.
"The subjects were told their point of origin, destination, and the route
they were to follow. Before each test slide was presented, a map odt]ining
the subjects route and their present location was presented. Figuré 2-1
}shows the map at each 1ocation.the messages were presented at. The subjects
location, message termino]ogy, and position of test panel was randomized
to reduce the learning effect associated with presenting all six messages
at each of the four locations in the same order. | |

| Each test sign»was projected for six seconds followed by a twénty

second pause to allow sufficient time for the support personnel to record
the subjects response. The subjects were required to find the test panel
and respond by pressing the button corresponding to the number under the
panel of their choice. The time required for the subjects to find the
test signs and respond was also recorded.

This study was conducted to determine whether motorists could relate
to all six messages in a simulated driving environment which was determined
by the percent of correct responses. It was also conducted to‘distinguish
between thé subjects preferences with regard to the different messages by
using the average decision time for the subjects to respond. It was assumed
that the subjects would respond quicker to the messages which.were moré
familiar to them fhan to those which were unfamiliar. In this way, non-

significant differences between terms could be studied according to the
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subjects average decision (response) time.

C. Results 7

The results of the first study in which the subjects indicated the
messages they wou1d expect to see and the messages they would prefer to
see are presented in Table 2-1. Both the freqdency (f) and the percent (%)
of all responses for both}fhe one-word messages and the two-word messages
are presented. Table 2-2 presents the decision time and percent of correct
lane choices fbr the six one-word messages at each of the four Tocatjions.
These results were obtained from the second study performed in this study
area.

These resﬁ]ts indicate that 69.7% of the subjects expect to see the
message Denver and/or Downfown displayed as they approach the city Timits
and 61.4% of the subjects indicated they preferred the same two messages
at this location. SeVenty (70) percent of the subjects were able to
choose the correct lane in an average of 5.7 seconds decision time. YWhen
the term Downtowh was used 63% selected the correct lane in ah average
time of 5.7 seconds. The use of the terms DoWntown_and/or Denver at fhis
lTocation is strengthened when considering that almost half of the subjects
(44.6%) indicated they expected to see Downtawn'— Denver or a two-word
message. Thirty-three (32.7) percent of the subjects indicatedrthey
preferred Downtown - Denver as an attractive two-word message at that
location. The next closest two-word messages were Downtown - Lamar St.
in which 18.7%A0f the subjects selected.

As the motorists approaéh the loop area, 59.8% indicated they would

expect Downtown (33.3%) and/or Business (26.5%). Twenty-one percent of
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Table 2-1

Terminology Motorists Expect and Prefer at Different
Locations As They Approach Their Destination in the
Downtown Area by Frequency of Response (f) and Percent of
Total Response (%)

Near Intersecting =
Near the City Limits| Near Loop Entering City | Freeway Near CBD Near Exit to CBD
Expect Prefer Expect Prefer Expect Prefer | Expect Prefer
Test Messages f1 % | f| % fl % f % fl el f] 2| F] % |f| %
0ne-Word Messages ,
Downtown 20 {18.3 {30 {26.3 39 } 33.3 |43 }35.5 37 |34.6 130 127.8 16 |14.6 |11 |10.7
CBD 2.8121 1.8 3 2.6 5 4.1 5147 5| 4.6] 3| 2.8 2.9
‘Denver CBD 71 6.4 (19 |16.7 10 8.5 {15 (12.4 |13 12.1 {14 |13.0| 4 3.7 4.9
Business 16 {14.7 |11 { 9.6 31 126.5 {18 }14.9 |14 |13.0] 9| 8.3 {10 9.2 5.8
Denver 56 |51.4 |40 |35.1 25 | 21.4 |18 |14.9 |19 {17.8 |15 |13.9] 6 | 5.5 2.9
Lamar Street 716.4 12v’10.5 9 7.7 (22 118.2 19 117.8 |35 {32.4 {70 |64.2 {75 {72.8
Two-Word Messages | |
Downtown-Denver 45 144.6 |35 {32.7 46 | 43.0 |36 {33.0 39 134,229 {26.6 {13 |11.5 4.6
Bus iness-Denver 23 |22.8 {18 {16.8 | 31 | 29.0 |11-|10.1 |28 |14.6|13{11.9] 8| 7.1 1.8
Denver CBD-Lamar St. 6.9 | 51 4.7 7 6.5 {14 112.9 12 110.5|14 |12.8 110 | 8.8 |16 |14.7
Busines;-Denver CBD 6.9 |17 {15.9 8.4 |13 111.9 7161 4} 3.7 1)1.8] 3]} 2.8
Downtown-Lamar St. 11 |10.9 {20 {18.7 | 11 | 10.3 {23 |21.1 13 [11.4 | 34 [31.2 |47 [41.6 |52 [47.7
Business-Lamar St. 8| 7.9012 (1.2 | 3| 2.8 {12 |{11.0 |15 [13.2|15 {13.8 |33 {29.2 {31 |28.4




~ Table 2-2

Percentage of Motorists Selecting the Correct Lane and the Average
Decision Time Required to Select by Message and Sign Location

At Interseéting

Near EXit

Near City Near Loop
Limits Around City [Freeway Near CBDy to'CBD
Test ‘Lane DecisionjLane ‘Decision Ldne DecisfdﬁyLaner Decisionf
Messages Choice (%)] Time (x)]Chaice|Time Choice} Time Choicel|Time
1. Downtown 63 5.7 | 64 | 5.4 | a7 | 6.4 | 66 | 7.2
2. CBD 62 5.5 45 6.3 41 6.4 39 8.3
3. Denver CBD 75 5.7 57 6.3 38 ,8'0 56 7.0
4. Business- 72 7.2 | @) ] (a) 48 | 5.9 50 | 6.2
5. Denver 70 5.7 59 5.8 32 5.9 38 7.7
6. Lamar Street|  (a) (a) | 40 | 5.4 | 53 |68 | 75|57

(a) Lane Choice Responses and Decision Times Were Not Obtained Due
to Experimental Error. ‘
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the subjects indicated fhey would also expect to see Denver at the same
location which means that 81.2% of the subjects expect to see either
Downtown, Business or Denver. Sixty-five percent of the subjects indicated”
they preferred to see Downtown (35.5%), BuSiﬁess (14.9%) and/or Denver (14.9%).
Sixty-foﬁr percent of the subjects selected the correct lane in an average |
time of 5.4 seconds when the term Downtown was used, and 59% chose the
corfect lane in 5.8 seconds when Denver was used. Over half of the subjects
(72%) said they would expect the two-word mesﬁages when Denver, Downtown and
Business were used in combination, and 43.1% said they would prefer these
two-word messages in which thése three terms were used. The wide disparity
between these messages the motorists expéct and those they prefer show a
shift between driver expectancy and driver preference. Driver expectancy
is based on past driving experiences. A portion of their previous driving
experienbe relates to the signing presented which becomes ah integral part
of each driver data base and driving expectancy. What the drivers learn to
expect and what they would prefer to see may be two completely different
things.r Fbr this reason the term the drivers expect to see and what they
prefer to see may be different. The results obtained from this study teﬁd
to bear out this initial premise. |

As the motorists approach an intersecting freeway leading into the CBD,
70.2% of the subjects indicated they would expect (1) Downtown (34.6%),
(2) Denver (17.8%) and (3) Lamar St. (17.8%). Seventy-four percent indicated
they preferred to see (1) Downtown (22.8%), (2) Denver (13.9%) and (3) Lamar
St. (32.4%). Again this fact is borne out when considering that almost half
(45.6%) of the subjects selected two-word messages, containing the three terms \

described alone, they would expect to see, and over half (57.8%) of the subjects




said they would pfé?ér to see these messages at this loeatioh: The two; Fiio-
word messages were; (1) Dowiitewn - Denver afid (2) Dewntdwn = Lamar St. Whef
the term Laiiaf St. was used 53% of the subjeéts sélected the preper lane in
an average time of 6.8 seconds. When Downtown was used; 47% selected the
correct lane in 6.4 seconds; afid whei Denver was used 374 ehosé the eorrect

lane in 5.9 seconds:

corvect laiie in 5.7 seéconds. When the tWo=word messagés weiré used over half
of the subjécts (70.8%) seléctad one of tWb messages, the First was Downtown -
Lamar St. (41.6%) and the sécond was Business = Lamar St: (29.2%) as those

‘they would expect to see at this locatieh. These saiie two niessages were

selected by 76.1% of the subjects they would prefer to see at this leeation.




CHAPTER 3

STUDY AREA 2 - FORMATTING AND- METHOD OF PRESENTING ROUTE
TRANSFER' INFORMATION

A. Objectives

The first objective is to determine whether motorists use destination
names only, destination routes oh1y, or on both destination routes and'names
when they are diverting from one route to another. By knowinnghat motorists

key - on when they get ready to change freeways, the amount and types of‘ihforma-

~ tion presented at these locations may be modified providing more time for the

motorist to read the sign and change lanes prior to the gore point. - The
second objective is to determine what effect different route trahsition strate~
gies have on the motorists as they approach the gdre area.

Theré'are basically three different strategies to be evaluated in this
study area. The first method requires that all information 1eéding to a gore
remain relatively constant from the fifst advance guide sign to the e*it
direction sign. The second strategy employed is called the increasing
information method. This method requires that the émount of,information
presentedvto the motorists increases as the motorist approaches the gore.

And the third strategy'is called the decreasing information mefhod, which
states that the motorist will receive the maximum amouht of‘information‘on.‘
the first advance guide sign and the amount of information will decrease as
the motorist gets progressivély closer to the gore. Whén cohsfdéring these
three étratégieé, it is assumed that with increasing information the number
of errors will increase the closer the motorist gets to the gore and the
longer the time required for the motorist to react to the information
presented. In contrast, it is assumed that with the decreasing method the

number of errors and decision time will decrease the closer the motorists
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get to the gore area.

B. Research Methgdolqu

To determine the types of information motorists require when diverting
from one freeway to'ahother, the subjects were presenfed with égvera]
situations in two different cities. One of theée cities was a belt-type
and the other was a radial. In each city they were giveh six different
situations. For each sifuatibnAthey were told their point of origin,
destination, the route they are presently on, the route they would follow
to get to this destination, and their present location. After they were
given the information and shown a slide representing the traffic they
would expect at their location they'were asked two questioné; ‘The first
question was."Which of these signs would you expect at this location?"
After the subjects had responded to that question they Were then asked
"Which bf thesé signs would you 1ike to see at this location?" Thé subjects
were then given sufficient time to answer this question before the next'
situation was presented.. 7 o | |

The study whiqh evaluated the thkee route transition strategies
réquired the subjects to select the proper lane to be in as they approached
their transition area. The subjects were given instructions in Which they
1ocation, The Subjects were given two situations for each of the three

test conditions. These test conditions were increasing, decreasing and

- constant information presented on each sign as they approached their

transition area. For each situation the subjects were shown three sign
bridge structures: two were advanced guide signs, and the third was the
exit direction sign. The subject's lane choice and the time required to

select the lane weré recorded.
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C. Results

Table 341 presents the results of the study to determine the types of
information required by motorists transitioning from one freeway to another.
These results are segregated according to the type of city and the types
of information motorists expect and want. From this study it is apparent
that motorists both want and expect the destination route for both the
belt city and_the radial city. "Over;80% of the subjects>sa1d they expect
the destination route displayed on the'transitionAsign. Thirty-five -
perceht said they expect the destination'route only and 45.3% said they
expect both the destination'route and the control'city name. When they
were asked what théy preferred, 30.6% said they preferred the destination
route and 45.0% indicated theyvpreferred the destinatfon route and the
control city name for the belt city. In the radial city, 74.7% of the
motorists indicated they expeéted to see the destination route displayed
and 67.8% said they preferred to see the destinatfon route disp]ayed. The
results of this study indicafe that signing within a major transition
area should disp1ay the destination route as a minimum.

Table 3-2 presents the results of the study in which three different
route transition strategies were inveStigatgd. Theée_three route transi-
tions were:

(1) Increasing information - The level of information

on each sign panel ‘increases as the motorist gets
closer to the exit ramp,

(2) Constant information - The level of information

remains the same the closer the motorist gets
to the exit ramp,
(3) Decreasing information - The level of information

decreases, the closer the motorist gets to the
exit zone.
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Frequency and Percent of Motor1sts Responding to D1fFerent

Table 3-1

, Types of Destination Route Signing By Type of City

Type of City
What Motorist

Expect.and Desire |
(Total Responses)

Dest1nat1on Route
and Control City
_ Neme

Control City

Name Only

Destination
Route Only

- Does Not
Like Any of

f

|

%. ¢ i\“‘

!

Belt City .

‘Expect (882)
Desire (777)

372

350

185 | 18.¢
182 23.4

| 289

238

|~ o
O~

Radial Citv

Expect (815)
Desire (797)

345
| 314

194
| 212

4 226

4115

ey s
- v
WO o1
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Table 3-2

Percent of Error and Decision Times by Amount of Information (Increasing,
Decreasing, Constant). and Location of Sign in Sequence (1, 2, or 3).

Amount of Information |

Increasing - Decreasing Constant
Percent |Decision | Percent [Decision | Percent |Decision
Sign Location Error Time Error Time ~ Error Time
#1 30.8 | 4.62 | 43.0 6.22 23.1 4.71
#2 28.3 | 4.64 37.0 5.48 29.5 4.43
#3 34.7 5.19 37.2 4,97 36.6 4.31
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When considering the percent of errors in which lane to be in and
the amount of time required by the motorist to maké his decision, it
appears that the motorists make fewer erfqrs as to lane placement and
require less tfme to méke their decfsion when the ]eve]vof information
remains constant as they apprbach their exit ramp. When the level of in-
formation is increased, the drivers make more lane p]acement'errors (31.3%)
and they require more time (4.82 seconds). When the level of fnformation is
decreased even more errors (39.1%) are the result and the drivers require
even more time (5.56 seconds). These results are not that surprising when
we consider that drivers get adjusted:to a certain level of information being
presented to them. After they have associated a certain message with a parti-

cular exit, if the level of information is adjusted, the drivers require more

time to readjust to the new information and more errors are 1ike1y to result.




CHAPTER 4

STUDY AREA 3 - READING TIMES OF FREEWAY GUIDE SIGNS

- BACKGROUND

One of the critical elements in motorists usage of urban freeway guide
signing is the time they require to read and react to navigational messages:
'presented to them. Surprisingly, there is little literature specifically
related to the subject. King (1) presented an analytic analysis of signing
in 1970 in which the sign reading literature was summarized. Two equations
for predicting the time required to read arsign were ndted as:

t=3+1.0 e
and
t=0.3IN + 1.94 : (2)
where t is the time required to find and read the sign and return the visual
field back to the freeway and N is the "number of fémi}iar words on thé sign".
King (1) expanded this definition of N to 1nc1ude numerals togethér wifh
familiar shapés dnd symbols such as route shields and lane aséignment arrows.
- No experimental evidence for. this expanded definitﬁon was given. One may’
conclude that the time required to read a familiar word is'assumed to be
about 0.32 seconds per word.
As is evidenced by the previous equations, it is generally believed that
unfamiliar motorists require more total time to read the information on a
‘ sign as more "words" are added to the message. It is assumed in the models
that the increase in time is a linear constant with the number of words,

although this assumption is questionable. Using King's expanded definition

of "N"; the reading time required of a 4-panel overhead guide sign might
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require a total of 14.3 seconds to read, assuming each panel had 10 "words"
on it. Personal driving experiences wou1d suggest that 14.3 séconds is an
unreasonably Tong required reading time. Thus, the need to study this problem

area is clearly evident.

RESEARCH OBJECTIVES

The objectivés of this study were: (1) to determine the time required to
find and read the correct test sign panel embedded on a simulated Qrban freeway
sign bridge structure, and (2) to determine the accuracy of the selection
process as related to éign design (information presented) and reading time.
The reséarch objectives were addressed in a laboratory environment hsing
licensed drivers as test subjects. The responses of these'subjects to 35 mm

slides of signs projected on a screen were recorded and evaluated.

STUDY VARIABLES

The speqific magnitudes'and'Vafiables studied durihg this phase of-the
research effort were as follows: (a) the number of panels per overhead sign
structure (2, 3, 4 and 5 panels), (b) the amount of "bits" of information on
each panel (2, 4, 6, 8 and 10 bits), (c) the display time available for
subjecté to "read" the signs (2%;'4 and 6 second§), and (d) the percent of
the'subjects giving the correct response.‘ A discdssion of these variab]és

follows.

Number of Panels

The number of pane1s selected for study includes almost all Tikely
overhead sign designs. Most overhead guide signs in large cities have 3 or
4 sign panels per sign structure. A very few signs have 5 panels on them.

In the ffinge areas of cities and in smaller cities and towns, 2 and 3
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panel signs are more common, A typical sign panel might contain an exit
number, route number, cardinal direction, two destinations, and an exit
direction for a total of 6 "bits" of information. Sign panels having up to

10 bits of information have been observed at major interchanges.

Bits of Information.

The information unit being used has been called a "bit". The term is

being loosely used when compared to the basic precepts of information theory (2).

The same criticism could be said about "familiar words" or "number of message
units" used by others (1, 3). The following list illustrates what is defined in

this study as a bit of information:

e place name (Denver) e command (Exit)

® street name (Lamar St) o distance (1/2 mile)
e route number (I-95) o lane use arrows (v)
e cardinal direction (North) e Junction (Jct)

e exit numbér (Exit 243A) 6 Exit Only

Some differences of opinion and need for discretion are to be expected
in applying these measures. For example, all lane use arrows to the same

destination are counted as one bit in this information measurement scheme.

'Some complex traffic facility names, particularly freeways (like Central -

Expressway or Santa Barbara Freeway) may be considered two (2) bits of
informatiqn because of their size and possible confusion with a destination
city.

The two signs presented in Figure 4-1 illustrate simulated signs used
in this study having 3 panels per sign structure with 4 "bits of information"
per panel, and 5 panels with 10 bits of information per panel. One should

keep in'mind that information rates in reality are only those messages which
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are needed and evaluated by the driver and may hot be accurately reflected

by the total content of-all words, numerals and symbols on a sign.

Display Time

The projectioh or display times of the slides of the Qigns in the
1aboratory simulated the total time a motorist may hgve available to read
freeway guide signs in a typical urban freeway traffic environment. The
reading time is only a portibn of the total time that the sign is visible.
It is also less than the total static 1egipi]1ty distance . (or time), which
is less than fhe visibility distance (or time). . The reason for this latter
reQUction is that motorists must time;share readfng signs with the other
driving tasks such as lane tfacking and avoiding adjacent tréffic. In
addition, the last 150 feet 6r SO immediate]y‘in advance of the sign is
11k¢1y to be difficult to read due to the large vertical angle and relative
motion of the sign with respect to the driver's visual scene.

The display times provided for reading the signs in the laboratory were
selected to represent extreme, minimum and desirable traffié (ahd design)
conditions. High~-quality guide signs are readable for most people in
the absence of obstructions, beginning about 900 feet away, or about 11
seconds of 1eadvt1me. Deducting 2 seconds for clearance of the sign and 50%
of the remaining time as required for conducting other drfving tasks leaves
4.5 seconds available for sign reading. From a conservative design viewpoint,
it would be desirable to provide freeway motorists with perhaps 6 seconds of
unobétructed reading time in an unloaded driving task condition for each
overhead freeway guide sign. The motorists would take a portion of that time
(perhaps 4 secondS) to select the appropriate sigh panel by locating and

reading the route number, cardinal direction and destination. Some additional




confirmation time might be'a]1owed. A minimum acceptable design criterion
might assume that the overhead guide signs were readable for at least 4
seconds, ref]ecting higher traffic céngéstion; more critical alignments, and
higher prbbabi]ities for vehicle blockage of the ‘signs. As the previous
calculations showéd,'the laboratory display times of 2%, 4 and 6 seconds
seem to reasonably reflect extreme (unacceptable), minimum (aCCeptéb1e),

and desirable reading times.

Accuracy

The accuracy of the responses were measured in addition to reading times.
The percent correct response bésed on the total 1ab0ratdry subject population
was determined for each test condition. It was expected that as the,tbta1‘
information load increased and as the display time decreased for the same
level of experience, accuracy levels would drop..»An uninformed (or'first-
try) accuracy rate of 80% was”arbitrari]y se]ectéd aé the minimum acceptable

accuracy level.

RESEARCH METHODOLOGY

Two.simflar 1aboratoryAstud1es were conducted in an effort to accomplish
the study,objectives. In both studies, laboratory subjects were asked to folléw
a hypothetical route through an unfamiliar cify based on: (1) naVigétiOﬂa1
directféhs provided by a séhemat1¢ map of the area and (2) simulated guide
signing presented by 35 mm é]ides at 22 locations along the route. A total
of 87 subjects_participated in the first laboratory study conducted during
March 1978. The second sfudy, cpnducted during March 1979, contained 70
subjects taken primarily from thejinitia1 subject pool. A discussion of the

components of the research methodo]ogy"fo11ows.




Trip Scenarios

The freeway route which subjects were aék to follow during each Iaboré-
tory scenario is presented in Figure 4-2. Subjects approached the city of
"Denver" from the southwest on the I-50 freeway. 'They were then directed to
follow the south Toop around the city, and then were directed to take I-25
freeway to Omaha. The subjects were advised of their trip before testing
began. The loop route was selected to maximizevthe number of interchanges
that could be conveniently studied. | | |

A set of 22 test signs having prese]ected'design'attributes was deye]oped
for testing as the subjects "drove" along the route. The 22 signs wereAcomposed
of 4 types of bane]é by 5 Tevels of information bit rates (or 20‘test signs)
plus dup]icates-of the 4x10 and 5x10 panels. An artist deve]opéd the test
signs following the style (to some extent) of overhead freeway gu{de signs
found in éhé urban centers of Texas. Photographé’of the signs were taken
and converted into 35mm 2x2 .inch slides. Two examples of the 22 test signs were
presented in Figure 4-1. The colors of the Various sign elements were as close
to the correct colors as could be obtained. The background for all the signs
was sky blue. | |

The laboratory scenarios called for the slides tb be projected in a
'sequence cénsistent with the simuTated trip; The s]ides'were projected upon
a bui]t-in‘wall screen in the Taboratory using rear projection teéhniques.
Viewing condftions and legibility of the signs shown to the subjects were
controlled to approximate the average legibility requirements of signs on
freeways. The désign, p]acément and display of thé test signs along the
route were selected such that large differenées between the amount of infor-

mation on each sign were not placed on consecutive locations. One practice
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slide was provided at the start of the ffip to'acquéint the subjects with the
laboratory testing procedures. Map slides, simi]ar‘to ngure 4-2 but Shbwing
the present Tocation of the trip, were alternated betweeh the 22 test'signs
so that the subjects hopefully knew the information needed tovnavigate along
thé route. | .7. o

THe §Ubjects were asked to select the cofrect sign pane} from the set of
panels in the sigh cluster. It was assumed, and'stated in the laboratory,
Ithat the sign panels wou]d bé placed immediately ovérhead of the corresponding
freeway .1ane to drive in. The lane (or sign) number selected was givén in the
slides for each panel.

Some subjects may have been confused in a few cases where the signing
sequeﬁcé (from the left) did not correspond to the lane aSSignments. For
example, the first sign from the Teft may have been over lane 2 and the
“associated sign panel number would have been 2. To aid the subjects the
relative positions of sign panels over specific lanes were consistently

maintained throughout the study.

Measurements

Estimates of'subjectvreadfng times of the signs were obtained from
electronically timed measurements of the time the slide became visible
(humén operator input) until the time each subject actiyatgd'his recorder
unit. One of five numbered buttons could be selected with the correct
choice varying with each test sign. Subjects were asked to respond as soon
as they were confident of their lane assignment answer by pushing the
corresponding numbered button on their data fecofdinj unit. The accuracy of
each response was also recorded for each subject. A maximum of five subjects

could be tested at one time.




The subjects' average reaction time to a zero-level infofhatioﬁ sign
was developed such that fhis reaction time cou]d.be subtrécted from the
overall response times so that the reading time could be estimated. The
zero-level information slides were s]ideé having distinct red background
with the message "Push Button No. 1" on them. The subjects were shown one
of the slides priof to the testing, were informed.of its purpose, and permitted
to practice responding}to it one time. The subjects were told that four of
these slides would be rahdom]y distrithed throughout their trip, and to
respond to it accordingly. From these signs, it was determined that an
average subject pbpu1ation reactidh time of 1.0 seconds existed. This time
was.subtracted_from all measured”response times to determine sign "reading

times".

Test Sequence

The 6 and 4 seconds display times were tested in the laboratory during
March 1978. The sequence of pfojection times began with 6 seconds and the
subjects "drove " the trip not knohing that, after a 10 minute break, the
trip would be redriven using the same set of signs but displayed at 4 seconds.
This procedure did result in some learning effect énd improvehent in response
skill due to the previous experience. This was as expected since the repeat
test was conceptualized as a simulation scenario of semi-familiar urban
freeway motorists who are experienced with the types and locations of
decisions required. |

The 2% second rate was a test to see how the subjects would perform under
anticipated and expected high-stress levels. This study wds conducted one year
after the previous tests. Some 8 improvements to the original 22 signs were

made to improve route following.




RESULTS

The results of the 6, 4 and 2% second disp1ay times are presented in fhe
following paragraphs. ' The results show that the faster the dﬁsp]ayAtfme, the
faster the subjects. responded. The résu]ts also show that, in general, the
greater the information load, the slower the_reading time. It is also impor-
tant to note that the fasterrthe display rate or.the greater the information
load on a sign, theAlower the percent correct response. Most of the anomalies
in the results to follow can be explained by'either the»simp}icity or comp]eXity
of determining the correct sign panel (and lane) of a particular sign as tested

in the laboratory.

Display Time of 6 Seconds

The 50th and 85th percentile reading time values (in seconds) for 6 second
display times are presented ﬁn Figures 4-3 and 4-4.1 Figure 4-3 summarizes the
findings for all 2-panel and 3-panel sign designs. Figure 4-4 Tikewise gives
the 4-panel and 5-panel results. The percent correct responsé for each test
sign is also presented in the figures 1mmed1ate1y above the 85%-ile reéding
times. The information bit rate per sign panel in each figure varies from:

20 to 10 bits per panel. Efforts were made to have the same number of bits
bn each panel such that a 3-panel overhead sign having 6 bits per panel
would have a total of 18 (3x6) information bits on the éign structure.
Additivity is assumed. The results shown for the 4x10 andr5x10 panels are
averages of two signs. ' |

A summary of these results shows that the median (50%-f]e) reading time

was 2.9 seconds, the average 2.9 seconds, and the 85%-ile was 4.6 seconds.

The average percent of correct responées is 75% for 84 usable subjects.
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There are some important trends to be noted from the figures. As the amount
»of information bits per sign panel (and total on the sign structure) increased,
increased reading times and decreased accuracy levels generally were the result.
These inverse trends are interrelated as the following comparisons show. The
average values of the 50%-ile reading times and B85%-ile accuracyv1eVE15 fbr
all 2-panel signs in Figure 4-3 are 2.2 seconds and 89%, ﬁespectiv¢1y. On the
other hand, the average values of the 50%-ile reading times and 85%-ile
accuracy levels for all 5-panel signs in Figure 4-4 are 3.3 seconds and 70%,
respectively. Assuming 80%-1ile correct response is se1ected-a$ the minimum
acceptable value, then 4 of 5 of the'z—pahel signs in Figure 4-3 would be
acceptable, whereas only l'qf 5 of the 5-panel signs in Figﬁre 4-4 would be

acceptable.

Display Time of 4 Seconds

The 4 second disb]ay>test was a repeat of the same 22 signs used in the 6
second study. As noted previously, a break of about 10 minutes separated the
two simulated trips. The subjects were given no advarce clues that thé second
study was going to be a repeat of the first run. ‘Some learning gffects'and
skills improvement were expected. The reason for the fepeat ]ab was that it
might more readily simulate a semi-familiar motorist, who has driveﬁ'the
faciTity‘in the recent past.

The results of the reading and accuracy meaéures-for the 4 second pro-
jection times are presented in Figures 4-5 and 4-6. Pefcent ccrréct responses

are the numbers immediately above the 85%-ile responses. Similar response

characteristics with the 6 second display times may be noted, particularly for

the 3, 4 and 5 panel signs.
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A summary of the 4 second display test follows. The median (50%-ile)
reading time was determined to be 2.0 seconds,'the average 2.3 secends, and
the 85%-ile 3.5 seconds. A mean percent correct response ef 78% was obtained
for 84 useable subjects. This is a 3%;inCrease above the initial run and
illustrates the subject 1mprovement'dUe to learning and experience.

The inverse relationship between reading time and accuracy continued
with the 4 second display experiment, For examp1e, the average values of the
reading times for all 2-panel and S—banel signs were 1.7 and 2.3 seconds,
respectively. That is, reading times increased with increasing information
Toad. The respective accuracy ]eve]s,Aon-the other hand, decreased frqm 89% A ‘
to 71%. Again»usiné 80% as a minimum acceptable accuracy Ieve1,:then all 5
of the.2-panel signs performed aeceptably. Only 2 of the 5 5-panel signs had

acceptable accuracy levels.

}Disp]ay Time of 2% Seconds

The 2); second display time Taboratory was conducted one year after the
previous two studies. Of a total of 70 subjects, 67 useable subject responses
were evaluated. Some improvements to the design of 8 of the initial 22 test
signs were made in addition to rearranging the test éequence for several of
‘the modified test signs to improve the ]ogicvbf fhe signing sequence. As will
be shown 1ater,.theSe modifications produced significant improvements in route
se]ectioh accuracy and clouded the aggregate accuracy results.

The results of the reading and accuracy measures for the 2% second pro-
jection times are presented in Figures 4-7 and 4-8. Percent correct responses
are the numbers immediately above the 85%-ile responses. Some changes in the
overall response characteristics may be noted when compared to the earlier

studies.
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Figure 4-8.
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Aisummary of the 2% second display test results follows. The median
(50%-ile) reading time was calculated to be 1.7 seconds, the mean 1.8 seconds,
and the 85%-1ile 2.8 seconds. An average percent correct response of 78% was
determined for 67 usable subjects. |

The inverse relationship between reading time and accuracy level continued
to be observed in this subsequent experiment. The average bf the 50%-f1e read-
ing times was determined to be 1.7 seconds for all 2-panel sigﬁs and 1.9 seconds
for all 5-panel signs. The average percent correct response for a11 2=panél
signs was 83%, but only 71% for all S-ﬁanel signs. Only 3 of 5 2-panél signs
had accuracy levels above 80%. However, only 2 of 5, 5=panel signs performed

acceptably.

DISCUSSION OF RESULTS
A discussion of the results of the three display time experiments follows.
Comparisons will be made from among the accuracy and reading time results.

Useful research findings will be drawn from these comparisons and analyses.

Accuracy |
The ability of the laboratory subjects to select the correct sign panel

was found to depend on several variab]es; namely, total bits of informatioh

on the sign, sign design,'disp1ay time and experience. Sign modifications |

also were found to 1mpéct the accuracy results.

Information. A summary of the average percent correct response results
by the sign information test variables - number of sign panels per sign
structure and information bits per test panel - are presented in Table 4-1.

At the outset, the sign modification impacts between the 6 second and 2% second
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Table 4-1

Summary of Average Percent Correct Responses by
Number of Panels and Information Per Panel

Information Display , Number of Panels'Per Sign
per Panel : Rate 2 3 4 5
2 6 93 .83 94 80
| 4 88 83 93 8
2% 83 8 8 84
‘Mean 91 83 89 81
4 6 96 82 63 46
' 4 93 83 69 52
2 ; 91 -~ _94*  _92* 76*
Mean -~ 93 86 75 58
6 . 6 | 100 92 33 95
‘ 4 | 87 92 36 86.
2 99 87 B 92
Mean - | 95 90 . 40 91
8 6 81 55 76 58
4 93 80 8 61
2% .75 45 91* 36
Mean 83 60 83 52
10 6 77 60 82,65 71,70
4 83 71 88,75 83,73
2% | 57 - _80* 81,78 _55%,79%
Mean 72 70 - 78 72 |

*Modified before 2% seéond_]aboratdry.
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display rates should be noted from Tab]é 4-1. VOf:the 14 tést'signs'nét‘
modified, 11 of them showed reductions in accuracy 1évels, 1 was unchanged,
and 3 experienced slight accuracy increases. The mean percent éorrect response
of this data set dropped 5 pércehtage points on the averége‘from 82% to 77%.
Of the 8 signs that were’modffied, all 8 showea incfeases in pehéent correct.
response. These 8 modified signs aécuraqy levels 1ncreasﬁd 13 pércentage |
points from 64% to 77%. While there was no objective origina]ly to -sub-
optimize the siQn‘deSigns, thesevfindingd do shOW“thatVSub—qptimal sign designs
can be sfgnificant1y improved; 7 | | |

If it is assumed that the 6, 4 and 2% second display test kesults represent
samples of existing sign designé,’reading requirements and representative driver
experiencés for design eva]uétidn purposes, then the results of the 66 tests
(3 display rates by 22 test signs) may be pooled to analyze combinedvaccuracy
results. The following aha]jses are conducted under thié assumption.

The pooled acéuracy results of Table 4-1 suggest that 6 bits of information

per panel is about optimum recognizing that 2 bits is not a practical value.’

This conclusion is drawn from a consideration of the average accuracy levels

of the 2, 4, 6, 8 and 10-bit signs in Table 4-1, (i.e., 86, 78, 79, 70 and

73%, respectively). If can also be determined frém Table 4-1 that the average
percent correct response decreased with increasfng number of pane]s‘and with
total information load I, where I is the product of nuhber of panels, P, by
average number of bitSAof information per panel B, or I = P x B. The averagé
percent‘cbrrect response for 2, 3, 4 and 5-panel signs in Table 4-1 is 87,

78, 73 and 71% respeétive]y. The avérage bercent»correct response for I-levels
of 8, 12, 16, 24 and 40 bits of information is calculated from the average of

two cells for each I-level to be 91, 91, 83, 51 and 65%, respectively.
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An analysis of the 66 individual data points from the three display time
experiments further reveals the reduction in accuracy rates with increasing
tbta] informétion levels on a sign. From Table 4-1, it can be determined that
all 21 test signs having I-levels of 12 bits br less had accuracy Tévels of
80% correct or better. Again, 80% correct responsé is éssﬁmed to bebthe
minimum acceptable level per test for this laboratory. These results are
reflected by the Upper-curvé in Figure 4-9. This curve .shows the percént of
all data points (i, p) havihg i < which also have accuracy levels p > 80%.
Ninety percent (90%) - 27 of 30 - of all samples haVing I-]e?e]s,for 18 bifs
or less had accuracy levels of 80% or more. Only 78% (28 of 36) performed
acceptably. Over the comp]éte data set, 41 of 66 ( or 62%)‘erthe signs
_'were acceptabje, as the upper curve in Figure 4-9 depic¢ts at the upper bound.
I-Tevel of 50 bits.

The average percent ofithe signs performing acceptably (i.e., > 80%
correct response) based on the laboratory results is given at the bottom
of Figure 4-9 for three intervals of information load. In the interval of
0-15 bits, 100% of the signs performed acceptably. In the interval from 15-30
bits, 51% of the signs were acceptable. In the interval from 31-50 bits, only
33% of the test_signs_were found to be acceptab]e.

Another sign design parameter which seems to affect accuracy levels fo
some exteﬁt is the hatiorof'the number of panels, (P), divided by the average
information bit rate per panel, B, or R = P/B. If one analyzes the 4 and
2% second display time results in Table 4-1, it‘Wi1] be determined that in 8 of
14 paired comparisons existing at similar total information levels up to, but

not including, 20- bit I-levels that in only 1 of 6 cases did the percent
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correct response increase as the ratio R decreased for a given I-Tevel.

This one case was at an I-level of 16 bits with 2% secbnd display time.
However, in the 8 cases where paired compafisons were pdssib]e from I-levels
of 20-b1f5'or more, no trend is evident; 4 cases rose with decreasing R values
and 4 cases dropped Aga1n, it is concluded that somewhere in the vicinity

of 15-20 bits of information is a critical design Tevel for tota] bits of
information (I) per sign structure. Above thjs level there are just too many
chcices (panels) or too much clutter per sign panel for efficient decision
making to occur. |

Display Time. A comparison of the 14 test signs not changed between the

6 and 2% second display timedexperiments showed that this significant reduc-
tion in display time resulted in a moderate drop_in'rOUte selection accuracy
from 82% to 77%. It should be noted, however, that most of the signs that
were not modified tended to be the smaller less complex signs.

Experience. The results of the 6 and 4 second display time experiments
demonstrate how driver'fami1iarity and experience yield improved driver per-
formance. The mean percent correct response increased form 75% to 78% even
fhough the average display time was reduced 33%. A total of 14 of the 22
test signs showed increases in percent correct response, whereas only 5
showed decreases. | |

Reading Time

The time the subJects took to read the s1gns depended not only on the
sign design parameters but also on how much time was available to perform
the task. This was to be expected as normal behavior. A brief review of the

averages of the 85%-ile reading times for each display rate illustrates

4-25




Table 4-2

Des1rab1e and M1nimum Reading Times in Seconds
for 0verhead Freewdy Guide Srgns

Bits of Design and | " Number of Sign Panels for |
Information Operating Overhead Sign Structure
Per Panel Conditions =~ | 2 .3 4 5 I

2 Desirable B 3.1 3.5 3.9 4.4
Mi nifmum : 2,7 2.7 3.0 3.3

4 Desirable 3.6 4.2 5.0 5.7
Minimum 2. 3.2 3.7 42

6 Desirable | 3.8 4.5 e -
Minimum v 2.8 3.4 ) - - o -.

8 Desirable | 3.9 RS - -

Minimum 2.9 - . -

10 Desirable 4.0 . . .

Minimum 3.0 - - - -
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| this point as follows:

Display 85%-1ile Reading R Ratio

Time, sec. Time, sec. ' DT+RT
‘ 6 - 46 | 1.30
1 4 | o 3.5 - 1.14
- | 2 ' 2.8  0.89
| 7 .

A b]ot df these data shows that a 3.0 second display timé would have pro-
duced a 3.0 second 85%-ile reading time, of a display time to reading time
ratio of 1.00 for the 85%-ile driver. 'Thus, it would appear that the 4
second display time would répresent a test conditions which is pressurized
but yet provides minimum acceptab]e_cohditions. Since'the 4 second display
85%-1ile reading times were 75% of the 6 second times, the 6 second display
time represents whét may be reasonably considered to be a desirable set
of operating conditions. |

Linear regression analyses were performed to develop equations for
estimating the reading times. The advantage of this approach is that smoothed
estimates of each testAsign can be estimated based on trends and character-

istics of the complete study. Estimated desirable and minimum reading times

based on these ana]yses are presented in'Tab1e 4-2. Minimum reading rates
were assigned to be 75% of the desirable values subject to a 2.7 second mini-
mum. Sign structures having a total of over 20 bits of information on them
are not recommended, usually don't exist in the field, and are given in Table

4-1 for information purposes only.

CONCLUSIONS AND RECOMMENDATIONS
The results of this detailed 1aboratory study of urban freeway guide
' sign reading tasks form the basis for the following conclusions and recommenda-

tions.
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- Table 4-3

Recommended Maximum Sign Designs for Desirable

and Minimum Design Conditions

Number Maximum B 1Y T S —
of Bits of Reading Time
Route Information in Seconds
Alternatives on Sign N _to be Provided
(Panels) Condition Bits | Desirable __Minimum }
2 " Desirable 12 3.8 2.8
Max imum 16 3.9 2.9
3 Desirable 18 4.5 3.4
Maximum 20 4.6 3.5
4 - Desirable 16 5.0 3.7
Maximum 20 5.2 3.9
5 DesirabTé R - -
Max imum 20 5.7 4.2

* This is an undesirable design. Sign spreading, removal of redundant concurrent

routing or other appropriate techniques should be examined.
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It is apparent that route selection accuracy decreases as the number of
of route choices (and related sign panels) increase. It is also clear
that thé information content of a large sign strﬁcture should not exceed 6
bits of information per panel.

The time required to read a sign also increases with the number of
route choices available and total information on the'signs as presented
in Table 4-2. |

The sign designs given in Table 4-3 respresent what are recommended
as desirable and minimum acceptable design parameters for overhead freeway
guidé signing in urban areas.

Any sign Which does nbt provide desirable design conditions, with
respect- to the number‘of panels -and the ievel of information in each panel
should have a sign layout which optimizes all other sign design criteria.
 Minimization of cbsts shou]d‘not be the only controlling consideration for
the minimum condition desighs. A11 signs which do not meet minimum conditions
should not only be redesigned, but the route structure should be rédesigned,

to eliminate concurrent routes, unnecessary exits, etc.
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CHAPTER 5

STUDY AREA 4 - TARGET VALUE OF DIFFERENT TYPES OF ROUTE
GUIDANCE SHIELDS

A. Objective

The objective of this study is to determine the proper mix of shield
sizes so that all of the route marker shields on the route guidance signs
“have the same target value. Current practice specifies that the Interstate,
"~ U.S. and State route markers will be consistently placed on the panels and
will be the same size. Due to the shape aﬁd color combination of these three
- route markers the state route marker appears to be 1arger,,therefore; having
a higher target value than either the Interstate and/or U.S. route markers.

Figure 5-1 represents a sign panel with an Interstate, U.S. and State
sﬁie]d which are the same size. Figure 5-2 represents a sign panel in which
fhe Interstate and U.S. shields are the same size and the state shield is
one size smaller. The target value for the Interstate and the U.S. shields
are greatly increased in Figure 5-2 when compared to Figure 5-1 due to the

size reduction of the State Shield.

B. Research Methodology

" In this Study the subjects were presented with 126 slides containing a
sigh'pénel with either 2 or 3 route harker shields. The route marker shieidé
were used in various combinations of either one, two, or three different
types. The sizes of the route marker shields were 16/32", 11/32" and 9/32"l |
(EUtsfde dimensions). These three signs were selected because they (1)
“corresponded to actual route marker sized on route guidance signs in a
simulated situation and (2) the size differentials are such that the subjects
must be able to discriminate between subtle changes in the shield sizes.

_The subjects were required to view each slide and select the shield
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Figure 5-1. Interstate, U.S. and State Shields of the Same Size.

Figure 5-2. Interstate, U.S. and State Shields of Different Sizes.
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| ~which appeared to be larger than the other shield or shields. In those

'situations where more than one shield appears to be the same size and larger

than the other shield the subject would respond by indicating the numbers
of thése.shields. If the sign panel contained two route markers and they
appeared to be the same size; the subject would respond by pushing both
buttons, corregpondiné to ihe numbers under each shield. the number under
each shield corresponds to the pbsitibn-of the shield on the sign panel.
Each slide was projected for 8 seconds and the subjects had an additional

15 seconds in which to respone.

C. Results

The subjects responses to types of Route Marker and size of shield
are présented in Table 5-1. The responses included in Table 5-1 are for

those shields in which the sUbjects could not detect any significant differ-

‘ences in size. When comparing the size of the interstate shield with the use

of the U.S. shields it éan be seen that in all cases they were the same. Com-

paring the Interstate shields with the State shields indicates that in all

cases when the subjects said that the state shield appeared to be the same

size as the Interstate, the state shield was, in fact, one size smaller. The
same situation exists in all of the cases when the state and U.S. shields were
compared. "In the reading environment the color of the Interstate route shield
increases the effective legibility distance. This effect may be reported when
two.or more different types of routes are concurrent.”
The results of this study indicate that when Interstate, U.S. and State

shield, of the same sfze, afe placed on route guidance signs the state shield
has a higher target value than both the U.S. and the Interstate shields. These

results are in direct opposition to the priority of roadways. In general,
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‘Table 5-1

Number of Subjects Responding There Was No Difference
in the Size of the Shield - By Type of Shield, Shield Size
And the. Corresponding Chi- -Square

Type of Shie1d

Interstate ~U.S. -1 State | _

Shield{Number of{Shield NUmber of Sh1e1d Number of] Chi Square ;_' o
| Size |Responses| Size [Responses $1ze Responses Compgted jAEeVeT’of '

(in)] ] (@in) e |} x® |Significance *
11/32 | 62 (1732 | s6 - |93 | 7 1.82 p < 0.500

- - 11/32 | 59 9/32 75 1.91 p 0.250
11/32 64  [11/32 | 50 9/32 | 67 2.73 p 0.500

- -- 11/32 58 9/32 71 1.31 p 0.500
16/32 79 - - 11/32 79 0.00 | p 0.950
11732 | 71 - - 9/32 63 0.48 p 0.500
11/32 69 - iw 9/32 62 0.37 p 0.750
11/32 57 11/32 | 65 - - 0.52 p  0.500
11/32 71 11/32 57 - - 1.53 p ~0.250

* The assoc1ated levels of s1on1f1cance for these computed ch1 squares
indicate no significant difference in dispersion between the number of
responses for the d1fferent types of shields.
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motorists think the Interstate is the highest priority of roadway, followed by
the U.S.-and'the state highways. The target value of the route shields is
State, U.S., and then Interstate, which is in direct opposition to the class
of roadway. It is recommended that in most cases the Ihterstate and U.S.
route shields should be the same size since they seem to have the same target
value, and the state shie]d should be one size smaller reducing the target
value of the state shield to that of both thé U.S. and Interstate shields.
When U.S. shields and state shields are presented alone, the state shield
should be one size smaller than the U.S. shield. When the Interstate and U.S.
shields are presented alone the U.S. shield may be either (1) the same size as
the Interstate, or (2) one size smaller. In this way the route guidance signs
will reflect the priority of the highway system. These relationships between

route priority and size of signs are expkessed'in Table 5-2.

Table 5-2

" Route Priority and Size of Route Guidance:Shields
Relationship. for Interstate,-U.S. and State Highways

Priority Type of , Type of
Ranking Facility Shield
| 1 Interstate A
2 s, | B
3 State C

Relationship between types of Shields A > B > C
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| CHAPTER 6 |
STUDY AREA 5 - CONCURRENT SIGNING-MOTORIST UNDERSTANDING

A. Objective

The objective of this study is to determine the motorists' understanding
and use of concurrent route signing'information. Currently, Texas signing
.practices state that when two or more routes share a common roadway, route
shfe]ds for all routes will be displayed on the route guidanﬁe signs.
Reéent]y this situation has created some major problems in large urban
areas, such as Houston and Dallas, where several routes all converge to-
gether. It is not uncommon to find a route guidance sign with as many as
5 or 6 different route shields on it. In order to evaluate the criticality
of this information, it must be determined whether moforists actually
understand what concurrent signing means and whether they use the concurrent

signing information or ignore it.

B. Research Methodology

In this study the subjects wefe given ten (10)Aroutes they were to

use around the state of Texas. They were told that they had some friends
visiting from California and these friends wanted to tqur the state before
returning to California. The subjects were to give them directions so they
could follow this route. Nine (9) of these ten (10) routes were concurrently
signed on at least one leg of the route. The other one.(1) was not a con-
current route. Table 6-1 Tists the routes by city of origin, intermediate
city, destination city and Interstate and U.S. route designation. Along
these routes, locations on the map were marked indicating the location of the
sign their friends were approaching. The subjects were required to give no

more than two (2) route designation shields and no more than three control
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Table

6-1

Routes Used in Determining Motorists Usage of Concurrent Signing By
Origin City, Intermediate City, Destination City, Route Destination

Ihtermediate

Destination

Route Origin

Number City_ City City Route
1 Laredo San Antonio  Temple I-35 & U.S.-81
2 San Antonio  Temple Waco I-35 & U.S.-81
3 E1 Paso | Big Spring Dallas 1520 & U.5.-80 _
4 Victoria ~  Giddings Hillsboro u.s.-77, 1-35 & U.S.-81
5 Giddings Waco'_ Hillsboro I-35 & U.S5.-81
6 Victoria Houston Nacogdochest U.§.-59
7 Livingston Huntsville Madisonville I-45 & U.S.-75
8 Sherman ‘Dallas Houston 1-45 & U.S.-75
9 Junction San Antonio  Houston I-10 & U.S.—87
10 Del Rio San Antonio  Houston I-10 & U.S.-90
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cities. The subjects were told that their friends were unfamiliar with the

-state of Texas, therefore, they must'give,them all the information'they think

they would need to get to their destination.

- After the subjects had finished the first six (6) trips they were told

the nature of the situation. Briefly they’were told that in some cases, an

Interstate freeway and a U.S. highway share the same roadway. We also told

“them that unfamiliar motorists may or méy not be aware of this and that in

the next few cases they should keep this problem in mind when giving their
friends the required information. The subjects understood that they were
going to determine whether their friends, as unfamiliar drivers, would

require the information or not.

C. Results

Table 6-2, présents the results of this study. The frequency and per-
centage of total responses are given by trip number and whetﬁer the subjécts
think their friends need concurrent route signing (concurrent) or whether
they do not need éoncurrent signing (non-concurrent).

The fesu]ts of this study indicate that in general the subjects pre-
ferred nbn—concurrent signing (58%) to concurrent signing (42%) with a chi-
square probability level of less than 0.01. Prior to the subjects being
told the nature of the problem this stddy was addressihg,.the subjects
significantly (probability less than 0.01) preferred non-concurrent sign-
ing (64%) to concurrent signing (36%); whereas, after the problem was -
explained, 54% of the subjects indicated they wanted concurrent signing as
opposed to 46% of the subjects indicating they did not want concurrent

signing. The differences in the number of responses between those wanting
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Table 6-2

Frequency and Percent of Total Responses For Concurrent and
- Non-Concurrent Route Information by Trip

Concurrent | Non-concurrent
Trip | . :Percént - | Percent 5
Number Frequency fof Total| Frequency |of Total| x
1 | 2_0  Y 63 | 76 | 22.28¢
2 40 R 43 52 | 0.11
3 44 56 35 44 1.03
4 U 21 52 79 | 21.88%
5 42 66 22 34 6.25%* |
6x** | - -- 64 90 -
7 . 46 62 28 38 4.38%*
8 29 54 ] 25 46 0.30
9 : 14 ' 31 31 69 | 6.42%*
10 29 64 16 36 3.76
A1l Trips | 218 42 379 | 58 | 15.53%
Before Explaining |
Nature of Problem 167 37 279 63 28.13*
After Expiainihg 1 ' T .
Nature of Prob]emA : 118 54 - 100 46 1.49
Ho: fc = fnc
* p < 0.01
** p < 0.05

*** Not a concurrent route
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concurrent signing andrthose not wanting concurrent signing was not signi-
ficant after the problem was identified. This could indicate that the subjects
still prefer non-concurrent signing to concurrent signing, However, some of
the subjects may have indicated they wanted concurrent signing because (1)
'théy felt that this was thevresponse we were looking for or, (2) they were
not aware of concukrent routes until we pointed these roﬁtés out to them;
: and_they genuinely want the concurrent information presented to them. From
the results of this test we have no way of determining which of these two
situations existed in the minds of each subject, by which to analyze the
data. For this reason, additional research in this area is needed to deter-
mine the true cause of the shift in responses. Based on these results,
however, it would seem that the subjects preferred non-concurrent signing
to concurrent signing. If these results were implemented, it would appear
that the route with the highesf priority would be signed and the others
would be eliminated.

Table 6-3 presents the number of subjects'preferring not to have any
interstate route information presented to their friends. This table also
~ presents the percentAof total responses and the type of route their friends
must use to get to their destination. These results indicate that when the
route consisfs mainly of a U.S. secfion with a small portidn of Interstate,
77% indicated they wanted the U.S. route information only. When the route
is all interstate with sections concurrently signed, only 8% wanted the U.S.
route information presented.

These results indicate that for motorists traveling eﬁtirely along
interstate freeways, the concurrent U.S. information may be eliminated.

For those motorists traveling for long distances along a U.S. route and then
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Tab]e 6-3

Frequency and Percent of Total Responses For Those
Subjects Indicating They Prefer U.S. Route Information Only -
' By Type of Route to Their Destination

, Number of Subjects Responding | Percent of
Type of Route from Place of They Want U.S. Route Informa- | Total Responses
Origin to Place of Destination tion Only Presented(5) For This Study(%)
1. U.S. route all the way : ' 70 N 98
2. Mainly U.S. - some Interstate 51 77
3. Interstate all the way 41 8

Ho: £, = f, = f,

x? = 8.04 (p < 0.025)
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join an interstate, the U.S. route information should be continued. To
implement these results, it would seem that concurrent information could
be presented for several miles after a U.S. route joins an interstate and

several miles prior to the U.S. route leaving the freeway.







CHAPTER 7
STUDY AREA 6 - CONCURRENT SIGNING-ROUTE NUMBER REDUCTION

‘A.  Objectives

The objective of this study was to evaluate the relative effectiveness of
route numbering reduction schemes where a concurrent freeway route has its Tower .
priority route number dropped from the route signing. Two types of current
- freeway rbutes were evaluated. One common type of concurrent routing in Texas
is where the Interstate has been added to the existing U.S. numbered route when
the freeway facility was constructed. In this case, the Interstate route
designation has become the commoniy referenced number, such as "I-35", rather
‘than U.S. 8l. The Taboratory methodology will determine the effects of elimina-
ting U.S. 81 from_the route signing, for example. A less frequent type of con-
current roufing a]hng the Interstate freeways in Texas exists where a U.S. route
joins the freeway and is concurrent with it for several miles. Traffic initially
operating on the rural highway may respond differently once on the freeway if
their concurrent U.S. numbered route were eliminated from the freeway signing
over the concurrent section. This situation was also investigated in the

laboratory study to follow.

B. Research Methodology

The Tlaboratory methodology consisted.prihari1y of measuring subject responses
to artist renditions of route markers and overhead freeway guide signing for two
hypothetical trip situations. Each trip was presented in a scenario format using
slides combined with a narrative of the trip. Reaction'times and correct
.responses were recorded for each subject. A total of 79 subjects were drawn from

the available subject pool used in these laboratory experiments.
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The first trip scenario consisted of the subjects assuming that they were
driving for about 50 mi]esAalong a high-type, two-lane highway (numberéd u.sS. 84)
until U.S. 84 joined the interstate freeway (numbered I-50). The trip then |
continued along the freeway to the traveler's ultimate destination (being Taylor).
After trave]ihg several miles along the freeway, a simulated interchange was
reaéhed whérein the motbkists (1aboratory subjects) would have t075e1ect the
correct route (sign panel) from three alternatives presented on a réar projéction
screen (as in Chapter 4). The visual simulation of the trip consisted of slides
of actual roadways of the appropriate type alternating with slides of roﬁte
markers. The artist rendition-of the route markers were designed to resemble a
typical post-mounted route marker placed on the shoUlder of the road. Three
cycles of facility plus marker scenes were used to simu]ate the rural, two-lane
highway portion of the trip, followed by a similar set of three cycles of slides
to simulate the freeway test section portion of the trip. The guide sign test
panels replaced the route markers in the third cycle of the freeway portion of
the trip. The subjects were requested to select the correct route sign pahe]
from three alternatives shown in the test slide. Selection accuracy and response
times in seconds were recorded.

The second trip scenario studied consisted of é trip made exclusively on a
freeway to a hypothetical town nahed Walden. The initiai portion of the trip |
had concurrent signing (I-65 and U.S. 79). - This initial portion of the trib was -
simulated in the 1aboratory'using three cycles of slides presenting an actual
freeway followed by a route marker. The second half of the freeway trip was the
test section portion of the trip. Again, three cycles of freeway sceneé followed
by route markers were shown to the subjects together with an oral description of

the trip's progress and situation. A slide depicting an overhead sign structure
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eontaining three overhead sign panels replaced the Tast route marker fn the
test sequence. Subject's selections and response times were recorded for the
last slide.

A summary of the cencufrent route problems and route markings tested in the
laboratory is presented in Table 7-1. Two freeway marking systems were evaluated
~for both types of the approach highways previousiy described. These route marking
systems ake denoted in Table 7-1 as Rl and R2 for the rural 2-lane road approach
to the freeway test section. R2 has a full concurrent route marking system in the
freeway test section, whereas, Rl has a complete de]etion'of'concurrent signing on
the freeway. The two freeway route marking systems are denoted as F1 and F2 in
Table 7-1. In this case, F1 has the full concurrent route marking system, whereas
F2 completely drops the concurrent U.S. numbered route in the test section.

For each of €he four test cases illustrated in Table 7-1, two alternative
designs for each of the junction test signs (the T's in Table 7-1) were designed
and evaluated. Design A junction test sign panels are presented in Table 7-2, and
Design B panels are given in Table 7-3. The actual representation of the panels
wereAsimi]ar to those presented earlier in Figure 4-1. Essentially, one of the
two designs presents no concurrent signing, whereas the other one does. Where
concurrent signing was displayed in the freeway test case, the correct route
did not contain cohcurrent signing. It wés surmised that sUbjecfs might tend to
select routes based on the number of shields, and shield patterns, and therefore
erroneoesly choose the wrong route (panel). |

It is helpful to note that the four Design B signs are the same signs as
in Design A except that their positions within a foute group are revefsed.~ Thus,
changes in response times for a given sign may be determined and related to the
type of transition route markings used in the freeway section prior to the over-

head junction test sign.




Table 7-1

Concurrent Route Marking Systems Tested in'Laboratory'for
Rural Road and Freeway Approach Conditions -

Approach
Highway and Route
Marking Sequence

Test

.Highway and Route
Marking Sequence

Two-lane Road
Marking Sequence

R+ U.S. 8 «R-U.5S.8 R+ U.S. 84

Two-lane Road
Marking Sequence

R-US.8+«R-US.8 R U.S. 8

Freeway
Marking Sequence

Test Designatioﬁ: R1
F

Test Designation: R2
F

Test Designation: F1
F

‘| F - 1-65+F . 1-65+ F - I-65
L U.S. 79 U.S. 79 U.S. 79

<

Test Designation:

F2

Freeway
Marking Sequence

F.1-65-F ¢ I-65 - F - I-6b
5. 79 u.s. 79 u.s. 79

Lot

Freeway

Marking Sequence

1-50 « F - I-50 -« F - T-

Freeway

-Marking Sequence

1-50

~U.S. 84

«F 150 «-F-«T
U.S. 84

Freeway

Marking Sequence

I-65

«F-1-65-F-T

U.S. 79 U.S. 79

Freeway

Marking Seguence

I-65 -

FolI-65¢F-T

~—i =
1t 1]
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Table 7-2

Design A Junction Test Signs for Rural Two-Lane Highway

and Freeway Approach Conditions

Panel Panel Panel
No. 1 No. 2 No. 3
Test Designation: Rl
1-85 U.S. 93 I-70  U.S. 76 1-50 U.S. 84
Benton Danbury Taylor
Porter Walker Rogers
¥ ¥ ¥
Test Designation: R2
- 1-85 I-70 I-50
Benton Danbury Taylor
Porter Walker Rogers
¥ ¥ ¥
Test Desighation: F1
I-70 U.S. 82 I-65 1-85 U.S. 93
Kendall Walden Davis
Anders Brooks Harrison
¥ ¥ ¥
Test Designation: F2
1-85 1-65 170
Davis Walden Kendall
Harrison Brooks Anders
¥ ¥ ¥




Table 7-3

Design B Junction Test Signs for Rural Two¥Lahe'Highway and Freeway
Approach Conditions

Panel Panel Panel
No. 1 v No. 2 No. 3

Test Designation: Rl

1-85 1-70 . 1-50
Benton Danbury Taylor
Porter Walker Rogers

¥ ¥ ¥

Test Designation: R2

I-85 U.S. 93 - I-70  U.S. 76 I-50 U.S. 84

Benton : Danbury Taylor
Porter Walker Rogers
¥ : ¥ ¥

Test Designation: F1

1-85 1-65 ' 1-70

Davis Walden - } Kendall
Harrison Brooks Anders
¥ ' ¥ ' : ¥

Test Designation: F2

I-70 U.S. 82 1-65 I-85 U.S. 93
Kendall Walden Davis
Anders Brooks Harrison

¥ vy

¥
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A summary of the overall experimental design is dépicted in Table 7-4,
where C and NC represent concurrent and non-concurrent signing, respectively.

R1, R2,'F1 and F2 are as in Tables 7-1 through 3.

Table 7-4

‘Concurrent Signing Experimental Design

Approach Freeway Freeway Jdnttion Signing
Route Markers Design A Design B
R1 NC c A NC
R2 C NC - C
F1 c o N
F2 NC NC o

C* Concurrent except for destination route.

Two additional items complete the descripfion of the research methddo]ogy.
The experimentation was divided into two sections of about 20 minutes duration
each. One of the following two sequences was alternatively tested in the first
half of the laboratory, either sequence Ri * Fl or R2 * F2. -In either case, the
other sequence was selected for testing during the second half of the experiment.
Randomization of R and F were not conducted due to the_comp]exity of 1abqratory
scheduling. Just prior to a ten-minute rest period provided midway through the
1aborafory and immediately following the first test sequence, a brief lab exper-
iment on interstate businessA1oop route recognition and experience was conducted.
This supplemental Tab was inserted into the overaT] experimental design to break-
up the learning effects between the two primary test sequences and to provide

some initial data for possible future research studies of freeway signing.

7-7




C. Results

Observations of subjects' responses were recorded for the number of route
selection errors and response times. Most of the results are useful, but some
response time comparisons are clouded most probably due to a lack of randomization
of the p]acement of the correct sign panels. | |

Table 7-5 presents the number of subject route selection errors for each of
the eight test cases. The results show that the subjects had Tittle difficulty
selecting their appropriate route given that the principal route and destination
of trip were shown on the sign. Even for the cases where the concurrent signing
was dropped only at the test sign (i.e., at R2A and'FlB) no error increase in
route selection was noted.

Table 7-5

Number of Route Selection Errors for Concurrent Signing
Route Number Reduction Laboratory

Designation Design A Design B
of Number Number Number - Number
Sign Test of Errors of Subjects of Errors of Subjects
R1 1 31 1 .. 48
R2 _ 1 31 1 48
F1 | 1 31 0 48
F2 1 ' 31 0 48

Response times were envisioned as a second measure of performance for
strategies for marking concurrent routes. Median (50%-ile) response times in
seconds for the eight test cases are presented in Table 7-6. Increases in
response times are associated with increases in uncertainty, confusion and

reading pattern.




Table 7-6

Median Response Times for Concurrent Signing Route
Number Reduction Laboratory

Designation Median Response Times in Seconds
of Design Design Average
Sign Test A B Response
R1 3.6 3.1 3.35
R2 3.8 2.9 - 3.35
Average : - 3.7 3.0 . 3.35
F1 2.7 2.5 2.60
F2 7 2.5 2.3 2.40
Average | 2.6 2.4 2.50

The median response times for the two-lane approach highway (R1 and R2)
are considered first.” One important result noted from the median response times
in Table 7-6, when considering the experimental design and related signing giveh
in Tables 7-1 through 3, is that the route signing that performed best was the
one Whiéh was exactly like the freeway route marking sequence in the freeway
section prior to the test sign. For Rl, the 3.1 second time occurred for the
case where the I-50 route marker (in Table 7-1) was the same as the I-50 shield
for Panel No. 3 in Table 7-3. A similar result is noted for R2 wherein the 2.9
second time (RZB) had the same concurrent routing as the prior ffeeway markings.
Observe that the 2.9 second concurrent signing (R2B) was the one that picked up
the rural highway route and was slightly sUperior to the one that did not (the
3.1 second, or R1B).

The median response times determined for the four tests conducted where the

freeway was concurrent from the start of the trip are also presented in Table 7-6.
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The median values on the whole are 0.85 seconds less than for the highway-to-

freeway scenario. An unknown portion of this difference is attributed to the

consistent use of Panel No. 3 for the freeway scenario versUs Panel No. 2 for ' .
the highway-to-freeway one. Sohe of the improvement is surmised to be due to |

the easier-route fracking task of driving just on the freeway. Frankly, little

practical difference exists among the four results. Little increase in response

times can be.attributed to even suddenly dropping the concurrent freeway signiﬁg

only on the overhead sign structure since the median résponse times for the same

sign in test cases F1B and F2A are both equal to 2.5 seconds. Some increase in

response times were noted where false route shield group associations might be

formed, as in test cases F1A and F2B.

D.  Summary
Overall, some important causal trends and research findings regarding free-

way route marking systems may be drawn from these experimental results.

1. Route signing performs best when the route numbers on the markers are
the same as on the sign (subject to overload constraints).

2. On concurrent routes, dropping the Tower priority concurrent freeway
signing which began when the freeway started will perform more effec-
tively -than will dropping the lower priority highway-to freeway con-
current signing.

3. There was no evidence collected in this experiment to suggest that
eliminating the redundant U.S. route numbers from an Interstate free-
way would not be successful from a navigational viewpoint.

4. There is some evidence to suggest that eliminating the concurrent U.S.
highway route numbering from a short section of concurrent Interstate
would result in degraded navigational performance by motorists traveling

the U.S. numbered highway.
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CHAPTER 8
STUDY AREA 7 - CONTROL CITY INFORMATION

A. Objectives

The objective of this study is twofold. The first is to determine
whether control cities should be major destination cities (popu]ation of
100,000 and above) 1qpated several hundred miles away; or strategic inter-
mediate sized cities (below 100,000), no more than 100 to 150 miles away.
The size of the cities, to some degree,vdictates the types.of services and
facilities available to weary travelers. For example, a city with a total
population of 2,000 people will probab]y have one or two restaurants and one
or possibly two motels. A city of 50,000 population will have several
restaurants and possib]y 8-10 motels. By using cities with a population
of 25,000 ahd above, as control cities for example, the motorists may be
assured of having adequate facilities by which to spend fhe night. The
distance away from the urban centef to the first control city is of utmost
importance. Unfamiliar motorists driving along 1-45 N out of Houston around
6 or 7 o'clock in the evening will see a sign directing them to Dallas. These
motorists may not want to stop driving at this time but will want to stop
in another hour or two. -When they see the sign directing them to Dallas,
since they are unfamiliar and may not have a map readily available, they
decide they will drive to Dallas for the night, not knowing that it is a
four hour drivé from Houston. -

The second objective is to determine the approximate location within

an urban area where the control city name changes. At present this location
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is near the geographical center of the city. This may create problems to
unfamiliar motorists because they have seen the city Timits and they
can see the downtown section of the city and they are still tracking the -

name of the city as a control city.

B. Research Methodology

This research area was studied in two laboratory studies and a motorist
survey conducted at Tourist Information Bureaus in Gainesville, Texarkana,
Laredo and E1 Paso. One of these laboratory studies was conductedAas a part
of the laboratory study in area 5 - Concurrent Signing Information. At
each location the subjects were to develop a sign for their friends from N
California, they were instructed that their sign could present no mofe than |
three (3) route number shieldﬁ, at least one (1) cardinal direction, and
no more than two (2) control city names. The subjects were given a map,
indicating ﬁhe location at which their friends were and the city of
origin and destination. The subjects were not given any restrictions
concerning the size of the confro] cities, only the numbér,of control
cities. They were further instructed that the cdntro] cjty 1isted\on top
would be the closest city to their friends bresent location. Thé size of
the control cities were dependenf on the route the subject's friends were
on.

| In the second study the subjects were required to drive a hypothetical
route to three (3) different destinations. In this first trip, the subject's
destination was Omaha, Nebraska, and at each location the subjects were
presented a sign containing four panels. The first panel had a destination
city of Omaha, the second paneT contained Denver, and the third panel was

Downtown. In the second trip, the subject's destination was at a location
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in downtown Denver and the subjects were presented with the same four (4)
paneis,as‘in tkip number one. And in the third trip the subjects were
going to Greenwood, Colorado. The destination city wasrnot presented to
the §ubjeCts as a choice, instead, the control city was Fairview. The_
control city of Fairview was used to simulate an uniami]iar city, other than
the subject's destination, instead of the destination city_which would be a
familiar name to ihem. |

During June and July 1978 a survéy was conducted at four Tourist
Information Bureaus. ihe survey was designed to determine where control
city information should change to the next control city within an urban

area.

C. Results

The results of the first study, determining size and Tocation of
control city, are presented in Table 8-1. These reSu]ts»indicate that when
considering both the first and second choices of the subjects, cities with
a total population of 100,000 ahd over were selected 65 percent of the time,
whereas, cities with populations of 5,000-25,000 were selected 21 percent
of the time. 1In all ten (10) cases the responses were distributed in such
.a manner that they were highly significant at. the chi-squére 0.05 percent
level. One one particular trip the subject's friends were traveling from
Victoria toiNacogdoches thrdugh Houston. At present the subject's friends
were in Houston. From Houston to Nacogdoches the largest cities have a
population of 5,000 to 25,000, therefore, the subjects responses in this
particular case represent 14 percent of the total 21 percent of all responses

for cities with populations between 5,000 and 25,000. The results of this

study indicate that the subjects prefer to have the largest city on a
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Table 8-1

Subjects Choice of Control Cities By Trip Number, City of Origin,

City of Destination, Present Location, and Control City Size

City

Trip City City First Choice Second Choice
No. Origin. Destination Present Name Size Name Size
1 Llaredo | Temple | san Antonio| Austin 100,000 & | Temple 25,000-50,000
V _ A over '
2 San Antonio| Waco Temple Waco 100,000 & ———————
over
3 ET Paso Dallas Big Spring | Abilene 100,000 & Dallas - 100,000 & over
- over Fort Worth
4 Victoria Hillsboro Giddings Waco 100,000 & | ------e---
' over
5 Giddings Hillsboro Waco Hillsboro 5,000-25,000{ Dallas - 100,000 & over
Fort Worth
6 Victoria Nacogdoches | Houston Cleveland 5,000-25,000 | Nacogdoches | 5,000-25,000
7 Livingston .| Madisonville | Huntsville | Madisonville | 1,000-5,000 | --=e-wm=n--
8  Sherman Houston Dallas Houston 100,000 & | =======-=em=
4 over
9 Junction Houston San Antonio | Houston 100,000 & | —=~mmmmemm-
N over
10 Del Rio Houston San Antonio | Houston 100,000 & | ===mmemmmm-

over




Table 8-1

VSubJects Choice of Control Cities By Trip Number, City of Origin,
C1ty of Destination, Present Location, and Control City Size -

Statistical Summary (Cont1nued)

1st Choice A2nd Choice Total
Population @) @l ® | ! ® | ®
100,000 & over 7 .50 2 15 | 9 .65
50,000-100, 000 0 - 0 | --- o | ---
25,000-50,000 0 - 1 .07 1 .07
5,000-25,000 2 4] 1 .07 3 21
1,000-5,000 1 07 | o - 1 .07
Under 1000 0o | --- 0 - 0 e
Total 0 | .71 | 4 29 | 14 1.00
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particular route shown as the control city.

The subjects respohses indicated that, when using the subjects first
choice of control city as the test criterion, 50 percent wanted control
cities to be no further than 100 miles away from their present location,
and 85 percent wanted -the control city to be no further than 200 miles
away. When considering all responses of the subjects, 50 percent indicated
they preferred control cities to be no further than 150 miles, whereas, 85
percent of a]T responses indicated the control city should be no further
than 250 miles. | |

The results of the second study determining the location within an
urban area, where control city names change are eXpected and wanted, are pre-
sented in Tables 8-2 and 8-3. Table 8-4 presents the control city names motorist
expect and Table 8-5 presents the names the motorists want to see. ~Those 10ca—
tions in which two names appear, indicate that there was no significant
difference in the number of responses between these two alternatives.

This study indicates that the subjects expect to see the name of the
city they are entering displayed near the city limits. They also expect to
see either (1) the city name or (2) the term downtown displayed from around
the Toop to approximately 5 miles away from the CBD. Any distance closer
than 5 mi]es'they expect to see the'term downtown, and finél]y after they
have passed the CBD they expect to see the name of the next control city.

In general the message the subjects want to see are the same as those they
expect to see. Those locations in which two names appear, indicate that
there was no significant difference in the number of responses between these
two alternatives. On the third trip in which the subjects were going to a

destination which did not appear as the control city, the subjects responses

8-6



Table 8-2

Control City Names Motorists Expect at Various'Locations
Within an Urban Area for Different Destinations
Frequency (f) and Percentage (%)

Location of Route . Destination in Destination in Destination in
Guidance Sign/ Another City Downtown Denver Another City
Control City Names Which is Signed B Not Signed as
as Next Control Next Control
City » _ City
(f) () () (3 - (7)) ()
Near City Limits
Entering Denver
(1) Omaha 29 31 : 4 4 - -
(2) Denver 48 51 57 61 69 73
(3) Downtown 17 18 32 35 15 16
(4) Fairview - - - - © 10 11
Near Loop
Entering Freeway
(1) Omaha 18 19 4 4 oL
(2) Denver S 41 45 45 49 : 54 59
(3) Downtown 33 36 . 44 47 -l 31 34
(4) Fairview - - - - 7 7
Five (5) Miles
"From CBD
(1) Omaha 11 12 5 5 - -
(2) Denver » 35 38 33 35 39 41
(3) Downtown 46 50 56 60 : 45 48
(4) Fairview - - - - {10 11
One (1) Mile or
Less From CBD
(1) Omaha 19 21 9 10 - -
(2) Denver : .20 22 15 16 17 18
(3) Downtown 53 57 .70 74 68 74
(4) Fairview : - - - - 7 8
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Table 8-2 (Continued)

Control City Names Motorists Expect at Various Locations
Within an Urban Area for Different Destinations
Frequency (f) and Percentage (%)

Location of Route
Guidance Sign/
Control City Names

Destination in
Another City

Which is Signed
as Next Control

Destination in

Downtown Denver

Destination in
Another City
Not Signed as
Next Control

City City
(f) (%) - (f) (%) (f) (%)
Near Interchange
With Another
Freeway Leaving
Denver
(1) Omaha 61 66 - - - -
(2) Denver 20 22 - - 30 33
(3) Downtown 11 12 - - 19 21
(4)_ Fairview - - - - 42 46
Near Loop
Exiting Denver
(1) Omaha 75 82 - - - -
(2) Denver 9 10 - - 23 25
(3) Downtown 7 8 - - 6 7
(4) Fairview - - - - - 62 68
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Table 8-3

Control City Names Motorists Want at Various Locations -

Within an Urban Area for Different Destinations

Frequency (f) and Percentage (%)

Location of Route
Guidance Sign/
Control City Names

Destination in
Another City
Which is Signed
as Next Control

Destination in
Downtown Denver

 Destination in

Another City
Not Signed as
Next Control

City I City
(f) (%) (f) (%) (f) (%)
Near City'Limits
Entering Denver
(1) Omaha 10 16 2 3 - -
(2) Denver 34 57 35 60 43 73
(3) Downtown 16 27 22 37 13 22
(4) Fairview - - - - 3 5
Near Loop
Entering Freeway
(1) Omaha 9 16 3 5 - -
(2) Denver 23 42 25 42 33 57
(3) Downtown 23 42 31 53 24 41
(4) Fairview - - - - 1 2
| Five (5) Miles
From CBD
(1) Omaha 9 15 3 5 - -
(2) Denver 19 32 20 34 26 44
(3) Downtown 31 53 36 61 32 b4 -
(4) Fairview - - - - 1 2
One (1) Mile or
Less From CBD
(1) Omaha 14 24 7 12 - -
(2) Denver 15 25 7 12 9 15
(3) Downtown 30 51 45 76 46 78
(4) Fairview - - - - 4 7
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Table 8-3

(Continued)

Control City Names Motorists Want at Various Locations
Within an Urban Area for Different Destinations
Frequency (f) and Percentage (%)

Location of Route
Guidance Sign/
Control City Names

Destination in
Another City
Which is Signed
as Next Control
City

Destination in
Downtown Denver

Destination in

Another City

Not Signed as
Next Control

City

(f) (%) (f) (%) (f) (%)
Near Interchange
With Another
Freeway Leaving
Denver
(1) Omaha 51 86 - - - -
(2) Denver 6 10 - - 10 17
(3) Downtown 4 - - 9 16
(4) Fairview - - - - 38 67
Near Loop 7
Exiting Denver
(1) Omaha 55 93 - - - -
"(2) Denver 1 2 - - 9 15
(3) Downtown 5 - - 3 5
- - - 47 80

(4) Fairview
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Table 8-4

Contro] City Names Motorists Expect at Various Locations
Within an Urban Area for Different Destinations
Summary of Results

Location of Route
Guidance Sign

Cbntro] City Names

Destinétion in
Another City -
Omaha, Nebraska

Destination in
Downtown Denver

Destination in
Another City -
Which is Not

Denver

"Signed For
Near City Limits Entering | Denver Denver Denver
Denver 1
Near Loop - Entering Denver/DowntoWn Denver/Downtown Denver
Freeway
Five (5) Miles From CBD Downtown Downtown Downtown/Denver
{ One (1) Mile or Less Downtown Downtown Downtown
From CBD
| Near Interchange With Omaha = eemmmeem emmemees
Another Freeway -
Leaving Denver
Near Loop - Exiting Omaha = =e=---- Fairview
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Table 8-5

Control City Names Motorists Want at Various Locations:
Within an Urban Area for Different Destinations
Summary of Results

Location of Route
Guidance Sign

Control City Names

Destination in
Another City -
Omaha, Nebraska

Destination in
Downtown Denver

Destination in
Another City -
Which is Not

Signed For
New City Limits Entering Denver Denver Denver
Denver
New Loop - Entering Denver/Downtown Downtown Denver
Freeway _ v
Five (5) Miles From CBD Downtown Downtown Downtown
One (1) Mile or Less Downtown Downtown Downtown
From CBD
Near Interchange With ' Omaha = emmeeea- Fairview
Another Freeway -
Leaving Denver
Near Loop - Exiting Omaha @ eeeee-- Fairview

Denver
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indicated that very few were confused when their destinatién city was not
presented as the control city.

The results of the motorigt survey determining where the control city
name should change, Table 8-6 shows that there was no significant difference
in the motorist's responses for the following locations:

1. Near the loop entering the city,

2. Near the loop leaving the city, and

3. Near the city limits leaving the city.

The Tocation with the hfghest frequency (26) Was near the loop while enter-
ing the city. The location with the next highest frequency (24) was near
the loop leaving the city. -Since most motorists selected near the loop
1eaving the city than near the exiting city limits it would seem that most
 motorists would waﬁt the control city name change to take place at either
(1) the loop entering the city, or (2) the Toop leaving the city. These
resu1ts are fairly consistent with those results obtained from the laboratory
study, Tables 8-4 and 8-5. These results of the laboratory study and the
motorist survey indicate that (a) the name of the city should be used as
the control city until the motor1sts approach the loop, (b) at that 1ocat1on
the term downtown would be presented, and (c)rafter the motorists have left

~the downfown area they will theh pick up the next contro] city name.
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Table 8-6

Location at Which the Motorists Want Destination City Names to
Change Within an Urban Area (Survey Data)

Location Where " Cities Where 5ur9ey Was Conducted
Destination City e e e -
Name Changes Laredo . Gainesville Texarkana Total
1. Near the Entering 4 19 12 35
City Limits _
2. Near the Loop 7 10 ' 26* 43
Entering the City
3. Near the Geographical 10 12 10 32
Center of the City
4. Near the Loop Leaving 4 10 24* 38
the City
5. Near the Exiting City 6 7 17* 30
Limits
Totals 31 88 89 178
Chi-Square 4.00%* 6. 99%* 11.29%  2.95%*

*p < 0.05

- ** Not Significant
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CHAPTER 9
STUDY AREA 8 - SUBURB CITY INFORMATION

A. Objective

The Objeétive of this study is to determine the messages unfamiliar
motorists prefer to lead them to the center of a suburb within a larger

urban center. A problem exists in these suburbs which are surrounded

~completely by the larger urban areas, when a majdr freeway passes through

the suburb. Motorists usually are not aware when they enter a suburb unless
the city limit sign appears on the overhead sign bridge. To the unfamiliar
motorist it is very difficu]t, if not impossfb]e, to distihguish between
when they are in the metropolitan area or in a suburb without getting off
the freeway and asking. The unfamiliar motorist has no way of knowing
whether or not a particu]ar street will take them to the central business
district of avparticu]ar suburb. This study was designed to determine

the terminology to use on route guidance signs to dfrect unfamiliar motorists

to the business district of a suburb.

B. Research Methodology

The study was conducted as a part of the second study in Area 7 -
Destination City Information. In two of the four tripsithe subjects were
making through Denver, their destination was either in a suburb or they
must pass through a suburb to get to their destination. On the first trip
the subjects were going to the Post Office in the business district of
Sherwood, an island suburb of Denver. They were told they could get to the
Post Office by either using Interstate 50 or an érteria] street 1eading to
the business district. As the subjects were approaching their destination,

they were shown a slide indicating that they had just passed the city limits
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of Sherwood. Immediately following the city limits sign, the subjects were
presenteq a slide with a four panel sign bridge. Two of fhe four signs gave
the subjects directions which could Tead them to the business district of
Sherwood. The éubjects were shown four sign structures (tria]s) and they were
to indicate the sign they wbu]d use to get to the business district. The |
test messages by tria] number are presented in Table 9-1. Each of the four
trials were designed in such a manner that the subjects were evaluating
different ways of présenting suburb information on the same sign bridge
structure. In this situation the subjects were to evaluate the'fo11owihg
types of messages to difect them to the center of the suburb:

1. Arterial street (Marion Avenue, Linsay St.)

2. Destination City on another freeway which passes through

the suburb (Limon, Kansas City)
The subjects were to respond by pushing the button corresponding to the
sign panel they would use to get to the business district'of'Shekwood.

On the second trip the subjects destination was another city, however,
after they had passed the business district of Denver fhey decided it was
too late to continue, so they were going to a motel in the downtown area of
' Deﬁver. After they had continued on the loop for a while they entered the
city limits of‘SherWOod, an island suburb of Denver. A city 11m1ts'sign
was presented to let them know they were now in Sherwood. As they épproach-
ed the interchange with the freeway going to the downtown section of Denver
they were shown a slide containing four sign panels. They were to respond
by indicating the number of the panel they would use to get to their
destination. Ohe of the four test panels contained the test message being

evaluated. As in the first situation the subjects evaluated four different
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Table 9-1

Messages Directing Motorists to the Downtown Area of
Island Suburb by Number of Trial For Trip #1

Trial Number Message #1 Message #2
| I-50 East
1 Limon Marion Ave.
' 3/4 + Mile z
: 1-50
2 Linsay St. Downtown
1/4 Mile Kansas City
¥ A '
I-50 East ,
3 Limon Marion Ave.
3/4 ¥ Mile #
I-50
4 Linsay St. Denver
1/4  Mile Kansas City
¥ o
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messages in four trials at the same location. The test messages used for the
trip are presented in Table 9-2. In this particular situation the use of the
term Downtown and thé name of the city were evaluated with regards to direct-
ing the motorists to the center of the metropoiitan area when they_are
presently in a suburb. Again the subjects were to respond by indicating the

sign they would use to get to the downtown area of Denver and their mdte]._

C. Results

The results of this study are presented in Table 9-3. These results
indicate that there was no significant difference between the control city
messages énd the major arterial street messages. This would indicate that
motorists can re]ate‘to either type of message when going to a specificv
destination in a suburb city. In this‘pdrticular study there was no named
street going to their destination. We told them that there was a street
going to the downtown section of Sherwood and the name of the street was
either Marion Avenue or Linsay Street. With regards to arterial stréet
messages, the message Linsay Street 1/4 Mile had a significantly higher
number of responses (80) than the message Marion Avenue exit to the right

(47). The message giving advanced warning information had a significantly

~higher response frequency (143) than the exit.direction or gore messages

(94). The location of the test sign in relation to the destination the
subjects were going to may have biased the subjects in.responding more to
advanced warning signs than to exit direction signs. The location of the
test sign in the slide indicates that the subjects could have continued a
Tittle further down the 1oop-before exiting.

The message I-50, Downtown - Kansas City, #, in trip number 2 had the

9-4




Table 9-2

Messages Directing Motorists to the Downtown Area of
Denver by Number of Trials For Trip #2

Trial Number Test Message

, : I-50
1 Downtown
Kansas City

A

I-50 West

2 Denver -
1/2 ¥ Mile
, 1-50
3 Denver

Kansas City
A

1-50 West

4 Downtown

1/2 Mile
¥
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Table 9-3

Subjects Preference With Regard to Information Presented in Suburb Within
a Metropolitan Area By Trip Number and Chi-Square Significance

Trip # Category Tested . Messages Frequency | Chi-Square
. ‘ ' : Significance
1 Individual Messages I-50 Easf, Limon, 3/4 + Mile. 63 | Ho:fy=fo=f3=fy
I-50, Kansas City ~. 47 '
Marion Ave ~ . - 47 ' 2
Linsay St., 1/4 Mile, 7. 80 x = 13.04
: ~a = 0.005
Control City Messages I-50 East, Limon, 3/4 ¥ Mile. 63 Ho; f1=f2
I-50, Downtown-Kansas City, ~. 47 X = 2.65
o o , | n.s. |
o Arterial Street Messages| Marion Ave., 7. | 47 Ho; f1=f>
Linsay St., 1/4 Mile, ~. 80 x = 8.57.
a = 0,005
Control City Versus I-50 East, Limon, 3/4 + Mile; & Ho:fq=f?
Arterial Street I-50 - Kansas City, ~. _ 110 .
Messages , Marion Ave., 7 ; and Linsay St., 2
1/4 Mile, ». 127 x = 1.37
. | n.s
Advanced Warning Versus I-50 East, Limon, 3/4 ¥ Mile, & Ho:flifz
Immediate Exit Messages Linsay St., 1/4 Mile, ». - 143
I-50, - Kansas City, 73 o )
and Marion Ave., x. 94 - x = 10.59
o a 0.005




L-6

Table 9-3

Subjects Preference With Regard to Information Presented in Suburb Within
~a Metropolitan Area By Trip Number and Chi-Square Significance (Continued)

Category

Messages

Chi-Square

Trip # Frequency
Significance
2 Individual Meséages I-50, Downtown-Kansas City,» . 40 Ho:f1=f2=f3=f4
‘ I-50, Denver-Kansas City, ~ . 58
I-50 West, Downtown, 1/2 Mile, 81 ’
I-50 West, Denver, 1/2 ¥ Mile. 78 x = 17.07
a = 0.005
Downtown Versus I-50, Downtown-Kansas City, »; & Ho:fq1=f,
Denver Messages I-50 West, Downtown, 1/2 Mile, + . 121
I-50, Denver-Kansas City 7 ; & »
I-50 West, Denver, 1/2 ¥+ Mile. 136 x = 0.88
‘ : : n.s.
Immediate Exit Message I-50, Downtown-Kansas City, .. 40 Ho:f1=f,
I-50, Denver-Kansas City, ~. 58 X ='3.31
n.s
Advanced Warning I-50 West, Downtown, 1/2 Mile, +. 81 Hg:f1=f8
Messages I-50 West, Denver, 1/2 ¥ Mile. 78 xy~ = 0.06
n.s.
Advanced Warning Versus I-50 West, Downtown, 1/2 Mile +; & Ho:f1=f2
Immediate Exit Messages I-50 West, Denver, 1/2 ¥ Mile. 159
1-50, Downtown-Kansas City, », & )
I-50, Denver-Kansas City . 98 x =14.48




worst response rate and the largest decision time than that of the other
three (3) messages. This indicates that when the term Downtown is used
with a familiar city name the subjecte were confusing the term downtown
to mean downtown Kansas City and not Dowhtown Denver. The term downtown
in all other eases performed well. This means that the term}Downtowh sheu1d
be used by itself or with the name of the urban center the motoriets are
presently in. It should not be used with a familiar city name severa]
miles away. To determine differences between individual meséages the subjects
decision time was recorded along with their sign choice. The results of
the decision'time aha]ysis, Table 9-4, indicate that there was not enough
dispersion between the decision times for meaningful relationships to be
determined. A Chi-Square test of dispersion was performed on the subjects
decision times for each category in which a Chi-Square test was performed
on the frequency of subjects responses for particular messages. In trip
number 1 the total amount of dispersion was 1.5 seconds and for trip number
2 the diepersion was 7.63 seconds. For trip number 2 the average decision
time was significant at the o > 0.250 level, however, our cut-off level
was the a > 0.050 Tevel.

This study should be redesigned in such a manner that a 3x3 analysis
of variance can be performed on the decision time to determine whether
any significent relationships exist with regard to the different types of
messages. If this study was conducted in a laboratory situation by itself,

the results may be different than the results obtained in this study being

conducted as a part of another study.
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Subjects

Table 9-4

Average Decision Time With Respect to Various Messages By
Tr1p Number and Chi-Square Significance

Total

Average
Decision Decision
Time Time €hi-Square
Trip # Category Tested Messages (sec) | Frequency* (sec) | Significance
1 Individual Messages I-50 East, Limon, 3/4 + Mile. 703.6 58 12.13 Ho:ADT1=ADT2=
1-50, Downtown/Denver Kansas City, 640.8 47 13.63 ADT-=ADT
Marion Ave., 7. 524.3 42 12.48 | 773704
Linsay St., 1/4 Mile, ~. 958.8 73 13.13 | x = 0.11
. n.s.
Control City Messages I-50 East, Limon, 3/4 + Mile. 703.6 58 12.13 | Ho:ADT1=ADT2
I-50, Downtown/Denver-Kansas City, 640.8 47 13.63 X2 = 0.09
' n.s.
Arterial Street Messages|Marion Ave. s Ao 524.3 42 12.48 Ho:ADT1=ADT2"
: Linsay St., 1/4 Mile, ~. 958.8 73 ©13.13 2 _
x = 0.02
‘ n.s.
Control City Messages I-50 East, Limon, 3/4 ¥ Mile, & Ho:ADT1=ADT2
Versus Arterial Street |I1-50, Downtown/Denver-Kansas City, - 1344.4 105 12.80
Messages Marion Ave.,x: and Linsay St.,
| 1/4 Mile, = 1483.1 115 12.90 = 0.00
- n.s.
Advanced Warning Versus | I-50 East, Limon, 3/4 v Mile; & 1662.4 131 12.69 Ho:ADT1=ADTé
Exit Direction Messages | Linsay St., 1/4 Mile, ~.
1-50, Downtown/Denver Kansas City, ».
and Mar1on Ave., ~. 1165.1 89 13.09 = 0.01

n.s.







CHAPTER 10
STUDY AREA 9 - RIGHT-HAND INTERCHANGES EXITING SYSTEMS

A. Objectives

Presently there are numerous situatfons where right-hand exits di-
verge from the freeway within a relatively short distance, say 1/4 of a
mile or less. This poses an operational as well as §afety problem for
motorists using these types of exits. Signing is the only means of in-
creasfng'operations and safety near these exit 1ocations. The spatial
1imitations.ﬁeak these exits pose a. severe problem with respect to sign-
ing in an efficient manner. The level of information on each sign should
be kept at an acceptable level that motorists have sufficient time to
receive and interpret the information and maneuver into the lane safely
for their exit.

The objective of this study is to determine the numbér of signs and
the Tevel of information required by the motorists to safe]y execute the
maneuver based on the spatial limitation imposed upon them by the particular
design. Two geometric designs were investigated thoroughly in this study.

 The first design involves én exit only lane in which the motorist must
exit at one of the two locations and the second involves an optional exit
lane (forgiving design) where the motorist may return to the through lanes
of the freeway if they made a mistake and do not want to exit the freeway.
This study involved all the signs relating to the exit from the first

advanced guide sign to the last exit direction sign for the second exit

ramp.




B. Research Methodology

The laboratory study consisted of a 16 mm fj]m and a set of 35 mm
color slides. The 16 mm film consisted of a vehicle driving along a
freeway for a two Mi1e distance before exiting at the second exit ramp.
Along the freeway, Sign bridges Were located at the exact location the
test signs would be studied. As the vehicle approached a sign bridge,
the signs on the bridge were blacked out for a total period of six (6)

seconds. In that time period the test sign (35 mm slide) was projected

and the subjects were required to do two‘things.' On the first time through

the test seétion, the subjects selected the sign they thought most appro-
priate for the test situation at that location. The second time through
they were to evaluate, on a scale from one (1) to five (5), the sign at
that particular location. An evaluation of one (1) meant the sign was
poor and a fivev(5)-meant the sign was very good. Before each test run,
the subjects were told the particular geometric design in which they were
either selecting the signs for or the signs they were evaluating. Figure
10-1 depicts the_exit only situation in which they must leave the freeway
once they entered the exiting ramp. The solid black line simulates a
solid white 1ine edge marking or median barrier which preVents the motorist
from re-entering the freeway once they have committed themselves to exit
the freeway; Figure 10-2 depicts the optional exit lane where the motorists
may continue along the freeway if they decide later they had made a mistake
and did not want to exit the freeway at either location. _

In situation 1, Figure 10-1, the locations marked A thrbdgh E are the

locations at which different signing alternatives were being_investigated.
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situation 2, Figure 10-2, alternative signs were investigated at locations
A, B, D, and E. Figure 10-3 presents the alternative sign designs for

. situation 1 starting from location E and progressing through the exit
direction sign at the terminal exit ramp. Figufe 10-4 presents the alterna-
tive signs for situation 2 starting from ]ocatidn E through the terminal
exit ramp at location A. Due to the similarity of the test signs at
location E and D in situation 2, the subjects selected and evaluated the
signs at location E and the evaluation statistics obtained for location E
was also used for location D. |

The first time through each situation the film was stopped at each

Tocation and each alternative sign design was presented to‘the subjects.
After they had seen all of the designs at that location they chose the
design they preferred at that location. This procedure was repeated
until all of the alternative designs for both situations were presented
to the subjects. The second time through the subjects evaluated, on a
scale from one (1) to five (5) the'particu1ar sign design at each 1ocat16n.
The system being evaluated for each test situation was selected based on
those sign designs the subjects selected the day before. It is for this
reason that sign designs C-2 and C-3 in situation 1 were never evaluated.
Thesevtwo sign designs were ﬁever selected by the méjority'of the subjects'

on any particular day.

C. Results
Tables 10-1 and 10-2 present the results of this study for situation 1 and

situation 2. At location E for situation 1, signs E-1 and E-3 were selected
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Table 10-1

Results of the Closely Spaced Right-Hand Exit - Exit Only Situation -
Subjects Preference and Rating

Alternative Sign Subject Subject Sign

Designs Preference (f) Rating (X)
A-1 n.a. 4.30
- B-1 n.a. 4.03
C-1 27 4.00
C-2 6 n.a.
C-3 10 n.a.
C-4 28 3.81
D-1 39 - 4,28
' D-2 32 3.79
E-1 27 4.02
E-2 14 3.54
E-3 30 3.00

n.a. - not applicable
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‘Table 10-2

Results of the Closely Spaced Right-Hand Exit - Optional Exit Lane Situation -
Subject Preference and Rating

Alternative Sign |  Subject |  Subject Sign
Designs Preference (f) Rating (X)

Al | na. 4.68

- SURSSIE RS ,v.»h:érm,w“ SR T ﬁg;déuﬂ.,uw

-1 | 3 | 395
D-2 42 3.75

'E,l T “,,'30,_M Y :3;95,.h,b,~
E-2 . 42 3.75

n.a. - not applicable
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by 80% of the subjects participating in the study. Sign E-1 Was selected
by 38% of the subjects and sign E-3 was selected by 42% of the subjeéts.
At location D, 55% of the subjects selected éign D-1 and 45% of the subjects
selected sign D-2. At location C, 77% of the sdbjects selected either sign
C-1 (38%) or C-4 (39%). Sign C-2 was selected by 9% of the subjects and
sign C-3 was selected by 14% of the subjects. A total of 71 subjects
~participated in this study. A
At location E and D, situation 2, the sighsnwere identical, therefore,
" to conserve on time for this study, the signs at location E were evaluated.
It is felt that the responses obtained from the subjects would be the same at
these two locations since the signs were 50 similar. A total of 72 sub-.
jects responded to the sign.. One subject came to the study late and .respond-
ed only to situatién 2. Sign E-1 was selected by 42% of the subjects and
sign E-2 was selected by 58%-of the subjects.

In the second part of this laboratory study the subjects evaluated
each sign as a part of a total signing system. Asrtﬁe.subjects traveled
along the route, at each sign Tocation théy were presented with a particular
sign to be eva]uated. The subjects were to evaluate each sign ranging from
poor to very good. Button A (position 1) was for a poor sign and button F
(p051tioh 5) was for a very good sign. On any particuiar day the signing
system the subjects evaluated were selected from those signs the majority
of the subjects selected the previous day. To determine the exact numerical
evaluation statistic, each different response possibility was given a number
from 1 (poor) to 5 (very good), with 3 being fair. Table 10-1, presents the
numerical evé]uation statistics for each sign panel evaluated at each location
for situation 1. Any evaluation statistic between 4.0 and 5.0 is very good,

between 3.0 and 4.0 is fair, between 2.0 and 3.0 is marginal, and between
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1.0 and 2.0 is poor. Sign E-1 received an eva]ution statistic of 4.02,

sign E-2 received 3.54 and E-3 received 3.00. At location D, sign D-1 was
evaluated at 4.28 and D-2 was evaluated at 3.79. At location C, C-1 was 4.00
and C-4 was 3.81. These evaluation statistics are averages of the evaluation
statistics from each of the subjects evaluating each sign. The sign at location
B was evaluated as 4.03 and location A was 4.30.

Table 10-2, presents the evaluation statistics for each sign panel for
situation 2. At 16cation E, E<1 had an evaluation statistic of 3.95 and E-2
was evaluated at 3.75. Due to lack of time, both signs at location D were
not evaluated. For evaluation purposes sign D-1 was used ahd received an
evaluation statistic of 4.00 which, as we suspected, was not significantly
different from the evaluation statistic of E;l which was 3.95. The evalua-
tion statistic at location B was 4.09 and at location A 4.68. In both
situations being studied, no sign was evaluated lower than 3.00 which means
that the subjects found these signs to be fair or very good.

Tables 10-3 and 10-4, presents the total evaluation statistic for -
all possible combinations of alternative signs for both situations. Sign A-1
and B-1 were not compared with any other signs at these locations, therefore
they are not taken into .account in‘the-eva1uaticn statistics.” Those combin-
ations of signs with-higher evaluation statfstics rated higher with thévsubs
jects than those with lower values. In situation 2, Table 10-4, at location
D, signs D-1 and D-2 were given the séme evaiuation statistics as those
associated with signs E-1 and E-2.

In conclusion, it is suggested that those signing systems with total
evaluation statistics higher than 4.00 would provide better ;han average

signing for these types of exiting ramps. The recommended signing system
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Table 10-3

Evaluation of A1l Possible Signing Systems for the Closely Spaced
Right-Hand Exits - Exit Only Situation (Rank Ordered)

Alternative Sign Designs Individual Evaluation Statistics Totai Systém~ Percentile
Comprising Signing System A B C D E Evaluation Statistics Level
A-1, B-1, C-1, D-1, E-1 4.30 | 4.03 | 4.00 | 4.28 | 4.02 4.10 -

A-1, B-1, C-4, D-1, E-1 4,30 { 4.03 | 3.81 | 4.28 | 4.02 4.04 %
{ A-1, B-1, C-1, D-2, E-1 4.30 | 4.03 | 4.00 | 3.79 | 4.02 3.94

A-1, B-1, C-4, D;Z, E-1 4.30 4;03 3.81 3.79l A4;02 3.87 75

A-1, B-1, C-1, D-1, E-3 4.30 { 4.03 | 4.00 | 4.28 | 3.00 3.76

A-1, B-1, C-4, D-1, E-3 4.30 4.03 3.81 | 4;28 3.00 . 3.70

A-1, B-1, C-1, D-2, E-3 4.30 | 4.03 | 4.00 } 3.79 } 3.00 3.60 70

A-1, B-1, C-4, D-2, E-3 4.30 | 4.03 | 3.81 | 3.79 | 3.00 3.53




Table 10-4

Evaluation of A1l Possible Signing Systems for the Closely Spaced
Right-Hand Exits - Optional Lane Situation (Rank Ordered)

“A1ternat1ve Sign Designs Individual Evaluation Statistics Total System .} Percentile
Comprising Signing System A B D E ‘ Evaluation Statistics Level
A-1, B-1, D-1, E-1 © 4.68| 4.09 | 3.95 | 3.95 3.95

A-1, B-1, D-2, E-1 4.68 1 4.09 | 3.75} 3.95 3.85 ,
A-1, B-1, D-1, E-2 4.68 | 4.09 ‘3.95 3.75 3.85 7
A-1, B-1, D-2, E-2 4,681 4.09 | 3.75] 3.75 3.75
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to be used at locations A, B and C for the exit only situation are de-
picted 1in Figﬁre 10{5. Locations D and E are depicted in Figure 10-6.
In situation 2 all of the signing systems received a total evaluation
statistic below 4.00. It is suggested that the system depicted in Figure
10-7. be used for the option Tane situation prior to the use of any of the

other alternate svstems.
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| | CHAPTER 11
STUDY AREA 10 - LEFT-HAND EXIT SIGNING STUDY

A. Objectives | |

The bbjective of this study was to develop a route guidance signing
system for left hand exits diverging from an urban fréeway.' The signihg
system for left hand exits is critical from the'motorists'perspective,
because left hand exits violate driver expectancy. At least 85 percent of
all exits from urban fréeways are right hand exits. The motorists do not
expecf Teft hand exits from urban freeways. When the motorists are faced
with a }eftvhand exiting situation, their perception and reaction time are
increased while they are assfmi1ating the required information and are making
the correct decision on leaving the freeway.

The signing system for left hand exits should present sufficient informa-
tion in as clear and concise a format as pdssib]e. This type of signing will
tend to (1) enforce the drivers perspective of the approaching exit, and

(2) reduce the reaction time so that the motorist may safé]y exit the freeway.

B. Research Methodology

In the left hand exiting signing system study, three separate situations

were examined. Figure 11-1, depicts the first situation examined in this

.study. The exit ramp is a dual lane left hand exit from the freeway. The

extreme left lane, marked (A), is an exit only lane, whereas the second left

lane, marked (B), is an option lane. If the motorist is in the lane marked
(o) he must exit the freeway. If he is in the lane marked (B) he may exit
the freeway or continue along the freeway. Figure 11-2, depicts the second

situation examined in this study. The exit ramp is a single lane left hand
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Figure 11-1. Left-Hand Two-Lane Exit Situations.
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Figure 11-2. Single Lane Left-Hand Exit Situation with the Extreme
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exit. In this situation the extreme left lane, marked (A), is an option lane,
in which the motorist may exit the freeway or continue along the freeway.
Figure 11-3 depicts the last situation examined during this study.' In this
situation the extreme left lane, marked (A), is an exit only lane in which the
motorist must leave the freeway. In all three situations the subjects were
asked to select the sign they preferred at several Tocations as they approached
the exit ramp. |

In each of the three situations, the subjects were to select the sign they
preferred from several alternative signs. The three locations were: (1) one-
mile from the exit, (2) one-half mile from the exit, and (3) at the gore area.
To add realism to the laboratory study, the subjects were shown a 16mm movie of
a car travelling down a freeway and approaching a left hand exit similar to the
one being examined. The‘subjects were told they were driving this car on a
loop around Dallas, and they were going to downtown Dallas. As the sign bridge
appeared at each location, where the subjects were to select the sign they
would prefer, the movie was stopped. A 35-mm slide projector was started and
the various alternative signs at this location was presented. The subjects would
select the signs they preferred by bushing the button on their responder cor-
responding to the slide number which contained the sign they preferred. After
a short break, the subjects would rate a system of signs for each situation.
The subjects rated these signs on a scale of one (1) to five (5). A rating of
one (1) indicated the sign was poor, a rating of three (3) indicated the sign
was fair, and a rating of five (5) indicated the sign was exce11ent.r The sub-
jects were to rate the signs based on information content and format, in re-
lation to the location of the sign on the freeway. The subjects decision

time was also recorded. The decision time was used to isolate differences
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between sign alternatives when the subjects rating of two or more signs
were virtually identical.

Figures 11-4 through 11-6 present the alternative signs used in the
dual left exit situation. The signs in Figure 11-4 were presented one-mile
from the exit. The signs in Figures 11-5 (a) and (b) were presented one-half
of a mile away from the exit, and those signs in Figure 11-6 were presented
at the gore area. Figures 11-7 through 11-9 present the various signs used in
the single left exit-option lane situation. The signs in Figure 11-7 were pre-
sented one-mile from the exit, the signs in Figurev11-8 were presented one-half
mile from the exit, énd the signs in 11-9 were presented at the gore area.
Figures 11-10 through 11-12 presented the signs used in the single left exit-
exit only lane situation. - Figure 11-10 presents the signs used'at the one-mile
location, Figure 11-11 presehts the signs used at the one-half mile Tocation,

and Figure 11-12 presents the signs used at the gore area.

C. Results

Table 11-1 presents the results of the laboratory stddy for the dual left-
Tlane exit situation. The subjects preference, rating of the signs being eval-
uated, and the average decision time it required the subjects to rate each
sign. The signs being rated were based on the éubjects preference of signs
at each Tocation onAthé previous day. - For this reason, several of fhe signs
do not have a rating or a decision time associated with it. At the one-mile
location when considering the subjects preference, there.was no significant
difference between signs Al, A2 or A3. However, when taking into account both
the rating and the decision time it appears that sign A-1 has a sTight edge
over both sign A2 and A3. Sign A2 received a rating of 4.13 whereas sign A-1

received a rating of 3.51. These two ratings are virtually the same, however
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Figure 11-5 (a). Five Alternative Sign Designs Used for the Dual Left-Lane
Exit Situation One-Half Mile Upstream of the Gore Point.
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Figure 11-5 (b). Two Additional Alternative Sign Designs Used for the Dual
Left-Lanes Exit Situation One-Half Mile Upstream from the
Gore Point. '
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Figure 11-7. Alternative Sign Designs Used for the qu]e Left-Lane Exit
Situation, Where the Extreme Left-Lane is an 0pt1on Lane,
One-Mile Upstream from the Gore Point.
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Figure 11-8. Alternative Sign Designs Used for the Single Left-Lane Exit
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One-Half Mile from the Gore Point.
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Figure 11-9. Alternative Sign Designs Used for the Single Left-Lane Exit
Situation, Where the Extreme Left-Lane is an Option Lane,
at the Gore Point.
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Table 11-1

Results of the Dual Left-Lane Exit Situation-
Subjects Preference, Rating, and Decision Time

Alternative Sign Subject Subject Sign Decision
Designs Preference (f) ‘Rating (X) Time (sec)
A-1 26 3.51 5.5
A-2 23 4.13 6.7
A-3 15 2.91 7.2
A-4 12 2.40 6.0
B-1 | 4 3.75 5.1
B-2 1 n.a. n.a..
B-3 12 n.a. n.a.
B-4 | 35 3.47 5.0
B-5 n.a. n.a.
B-6 n.a. n.a.
B-7 10 n.a. n.a.
c-1 g 2.75 4.8
C-2 18 n.a. n.a
C-3 15 n.a. n.a
C-4 39 3.61 4.8

n.a. - not applicable
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when considering the decision times the subjects required 5.5 seconds to rate
sign A-1 whereas it took the subjects 6.7 seconds to rate sign A—Z; This is a
savings of 1.2 seconds. When considering aT] three variables, sign A-1 has a
slight edge over sign A-2. At the one-half mile location sign B-4 had a sig-
nificant difference in subject preference over all other signs listed at this
location. Sign B-1 wés'eva1uated with regards to rating by a smaller number of
subjects and the rating was virtué]]y the same as for sign B-4. The rating for
B-1 was 3.75 and the rating for B-4 was 3.47. It took the subjects 5.0 seconds
to rate sign B-4 and it took them 5.1 seconds to rate sign B-1. The ratings
and the decision time are basically the same for both signs B-1 and B-4. How-
‘ever based on the subjects preference sign B-4 should be used at the one-half
_mile location. At the gore point, sign C-4 was the definite subjects choice when
considering both preference and rating. The decision time was the same, 4.8
seconds for both signs C-4 and sign C-1. 'Therefore sign C-4 was the subjects
choice to be used at the gore point. |

In the single left hand exit, with the exit lane being an option lane, situa-
tion, the results are presented in Table 11-2. At the one-mile Tocation the
" subjects preference and rating for signs A-1, A-2 and A-3 were virtually iden-
tical. However the subjects took half as much time to rate sign A-3 (3.3
seconds) as they did to rate the next best sign A-1 (7.23 seconds). Based on
the decision time and the preference sign A-2 in the choice to use at the
one-mile location. At the one-half mile location more than half of the sub-
jects selected sign B-5. The rating and the decision times for signs B-1 and
B-5 were virtually the same with sign B-1 being rated 3.25 in 5.1 seconds and
sign B-5 being rated 3.48 in 5.4 seconds. Based on the subjects preference alone

sign B-5 should be used at the one-half mile location. At the gore point the
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Table 11-2

Results of the Single Left-Lane (Option) Exit Situation-

Subjects Preference, Rating, and_Decision Time

Alternative Sign Subject Subjects Sign Decision
Designs Preference (f) Rating (X) Time (sec)
A-1 19 3.34 7.23
A-2 16 3.21 6.20
A-3 29 3.25 3.30
A-4 7 n.a. n.a
‘A-5 4 n.a. n.a.
B-1 7 3.25 5.10
B-2 5 n.a. n.a.
B-3 9 n.a. n.a.
B-4 14 n.a. n.a.
B-5 37 3.48 5.40
B-6 3 n.a. n.a.
C-1 31 3.58 4.50
C-2 13 n.a. n.a.
c-3 31 4.00 3.70

n.a. - not applicable
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subjects preferred and rated signs C-1 and C-3‘the same. Sign‘C—lrwas pre-
ferred by 31 subjects and rated 3.58 whereas, Qign C-3 was preferred by 31
subjects énd rated 4.00. The subjects; however, took 3.7 seconds to rate
sign C-3 and 4.5 seconds to rate sign C-1. Based on the rating and the time
required to rate sign C-3, this sign should be used at the gore point for
this situation.

For the final situation being studied, namely the sing]e Teft hand exit,
where the exit lane is an exit only lane, the results are tabulated 1in
Table 11-3. At the one-mile location approximately half of the subjects,
35 subjects; preferred sign A-3 to all others. However the rating for sign
A-3 (3.63) was not as high as the rating for sign A-1 (3.92). The subjécts

required less time to rate sign A-3 (5.10 seconds) than they took to rate

sign A-1 (7.40 seconds). ‘Based on the subjects preference and the time re-
quired to rate the signs, sign A-3 is clearly the subjects choice for this
location. At the one-half mi]e Tocation the subjects preferred and rated sign
B-4 much higher than all other signs. Forty-six (46) subjects indicated they
preferred sign B-4 and rated it at 3.90 while they rated sign B-1 at 2.38. - Sign
B~-1 had a decision time of 4.5 seconds associated with it while the decision
time for sign B-4 was 4.8 seconds. Therefore, sign B-4 is the sign which should
be used at this location based on the number of subjects preferring this sign
and the performance ratihg given to this sign. |

At the gore location, two signs were preferred by the majority of the subjects.
Sign C-4 was preferred by 36 (49%) subjects and sign C—l was preferred by 23 (31%)
subjects. These two signs received almost identical ratings by the subjects,
4.11 for sign C-1 and 4.07 for sign C-4. The subjects todk 3.8 seconds to rate

sign C-1 and they took 4.5 seconds to rate sign C-4. These results indicate
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Table 11-3

Results of the Single Left-Lane (Exit Only) Exit Situation-

Subjects Preference, Rating and Decision Time

Alternative Sign Subjects Subject Sign Decision
Design Preference (f) Rating (Y) Time (sec)
A-1 17 3.92 7.40

A-2 12 n.a. n.a.
A-3 35 3.63 5.10
A-4 11 n.a: n.a.
B-1 2.38 4.50
B-2 n.a.v n.a.
B-3 n.a. n.a.
B-4 46 3.90 4.80
B-5 6 n.a.. n.a.
c-1 23 4.11 3.80
c-2 7 n.a n.a.
c-3 8 n.a. n.a.
C-4 36 4.07 4.50

n.a. - not applicable
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that if subjects préference is the deciding factor then sign C-4 should be
used at this location. HoweVer, if the decision time is the sole criteria,
then sign C-1 should be used.

Tables 11-4 through 11-6 rank order the various combinations of signs
for the three situations'based on their total system evaluation statistics.
Table 11-4 rank orders the various combinations of signs for the dual ]eft-
hand exit study. The percentile levels are based on the various percentage
breakdown using 5.00 as the 100th percentile. Table 11-5 presents the same
information for the single left-turn exit where the exit lane is an optional
lane, and Table 11-6 presents the information for the sing]é left-lane exit
which is an exit only lane. It is recommended that the signing system
corresponding to the higher percentile levels be used before those with

lower percentile levels.
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Table 11-4 ‘
Evaluation of A1l Possible Signing Systems
for the Dual Left Lane Exit Situation (Rank Ordered)

Alternative Sign Designs | Individual Evaluation Statistics Total Systém Percentile
Comprising Signing System A B € Evaluation Statistics Levels
A-2, B-1, C-4 4.13 3.75 3.61 3.83 75
A-2, B-4, C-4 4,13 3.47 3.61 3.74
A-1, B-1, C-4 3.51 3.75 3.61 3.62 70
A-2, B-1, C-1 4,13 3.75 2.75 3.54
A-1, B-4, C-4 3.51 3.47 3.61 3.53
A-2, B-4, C-1 4,13 3.47 2.75 3.45
A-3, B-1, C-4 2.91 3.75 3.61 3.42
A-1, B-1, C-1 3.51 3.75 2.75 3.34 65
A-3, B-4, C-4 2.91 3.47 3.61 3.33
A-4, B-1, C-4 2.40 3.75 3.61 3.25
A-1, B-4, C-1 3.51 3.47 2.75 . 3.24
A-4, B-4, C-4 2.40 3.47 3.61 3.16 60
A-3, B-1, C-1 2.91 3.75 2.75 3.14
A-3, B-4, C-1 2.91 3.47 2.75 3.04
A-4, B-1, C-1 2.40 3.75 2.75 2.97 55
A-4, B-4, C-1 2.40 3.47 2.75 2.87
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Figure 11-13. Recommended Signing System for Dual
Left Lane Exit Situation.
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Table 11-5
Evaluation of All Possible Signing Systems for
the Single Left Lane (Optional) Exit Situation (Rank Ordered)

Alternative Sign Designs | Individual ~Evaluation Statistics Total. System Percentile
Comprising Signfhg System A B C Evaluation Statistics Levels
A-1, B-5, C-3 3.34 3.48 4.00 3.61

A-3, B-5, C-3 3.25 3.48 4.00 3.58

A-2, B-5, C-3 3.21 3.48 4.00 3.56 70
A-1, B-1, C-3 3.34 3.25 4.00 3.53

A-3, B-1, C-3 3.25 3.25 4.00 3.50

A-2, B-1, C-3 3.21 3.25 4.00 3.49.

A-1, B-5, C-1 3.34 3.48 3.58 3.47

A-3, B-5, C-1 3.25 3.48 3.58 3.44

A-2, B-5, C-1 3.21 3.48 3.58 3.42 65
A-1, B-1, C-1 3.34 3.25 3.58 3.39

A-3, B-1, C-1 3.25 3.25 3.58 3.36

A-2, B-1, C-1 3.21 3.25 3.58 3.35
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Figure 11-14.

Recommended Signing System for the Single
Left Lane (Optional) Exit Situation.
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Table 11- ‘
Evaluation of A1l Possible Signing Systems for
the Single Left Lane (Exit Only) Exit Situation (Rank Ordered)

6

Alternative Sign Designs Individual Evaluation Statistics Total Systems Percentile
Comprising Signing System A B C ‘ Evaluation Statistics Levels
A-1, B-4, C-1 3.92 3.90 4.11 3.98
A-1, B-4, C-4 3.92 3.90 4.07 3.96 75
A-3, B-4, C-1 3.63 3.90 4.11 3.88
A-3, B-4, C-4 3.63 3.90 4.07 3.87
A-1, B-1, C-1 3.92 2.38 4,11 3.47
A-1, B-1, C-4 3.92 2.38 4.07 3.46
A-3, B-1, C-1 3.63 2.38 4.11 ©3.37 65
A-3, B-1, C-4 3.63 2.38 4.07 3.36
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Figure 11-15. Recommended Signing System for the Single
Left Lane (Exit Only) Exit Situation.
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CHAPTER 12
SUMMARY OF CONCLUSIONS

The conclusions drawn from the responses obtained in these laboratory
studies will be outlined briefly in this section. These conclusions will
be outlined by study area for easier referencing to the abpropriate»section
in this report.

In study Area 1, ”Designation of Routes to the Downtown‘Area", it was
determined, based on the subjects responses, that at the entering city limits
the subjects both expected and preferred the city name as the one-word mess-
age. The two-word message both preferred and expected was Downtown-Denver.

As the subjects approached the loop they would expect to see Downtown or
Business. The two-word message that the subjects both expected'and preferred
was again Downtown-Denver. As they approached the intersecting freeway lead-

ing to the downtown area, the subjects indicated they would expect either

Downtown or Lamar Street. The subjects responded thet at this location they
would expect the two-word message Downtown-Denver. And as the subjects were
approaching their exit on Lamar St. they responded that they would both expect
and prefer Downtown-Lamar St. as the two-word message. The analysis of
variance indicated that the location and the message at each Tocation had
a significant effect on the subjects decision time, wherees, the messages
themselves did not have a significant effect, at the 5% or lower level.

In study area 2, "Formatting and Method of Presenting Route Transfer
Information," the responses indicated that the subjects both expect and
prefer the destination route and control city at all diversion points for

both belt and radial cities. If this is not possible the destination route
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should be given as a minimum. When studying the effects that different
strategies of presenting information have on the number of érrors and
the motorists' decision time as they approach their exit location, the
amount of information presented to them about their exit should stay con-
stant or get progressively smaller. At their exit it might be best to
gfve them an exit direction sign with their destination route being the
only information.

In study area 3, "Reading Time of Freeway Guide Signs,"‘showed results
that the optimum accuracy 1ev¢1 was about 6 bits of information per panel
when combining the display times of 6, 4, and 2% second. The average per-
cent of correct responses increased as the number of panels and the informa-
tion load per panel was increased. This was attributed to the subjects'
familiarity with the signs and the order of presentation. When the informa-
tion Tevel was between O and 15 bits, 100% of the signs performed acceptably,
when the level was 16-30 bits, 51% performed acceptably, and when the level
was 31-50 bits, only 33% performedvacceptab]y. It is apparent that route
selection accuracy decreases as the number of route choices increases. }On
a large sign (4 or more panels) the information content should not exceed
16 bits of information per sign. The .time required to read a sign also in-
creases with the number of routé choices and total information on the sign.

In study area 4, "Relationship of Shield Size and Placement of Route
Markers on Sign Panels," the subjects responses indicated that when the State,
U.S., and Interstate shields are the same size, the state shield appears
larger in all cases, indicating that it has a higher target value, than both
the U.S. and Interstate shields. This higher target value may be the result

of either (1) the shape of the shield, (2) the color combination of the
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shield, or (3) both the shape and color combination of the shield. The
results also indicate that to make the target value the same for all shields
the state shield should be one size sm§11er than the other shields, That

is to say, if a 48 x 48 inch U.S. and/or Ihterstate shie]d is sued, av36“ X
36" state shield should be used.

In study area 5, "Concurrent Signing - Motorist Understanding,” the
results of the laboratory study indicates that 57 percent of the subjects
preferred non-concurrent signing as opposed fo 43 percent preferring con-
current signing. This study was conducted in two parts. In the first part
the subjects were not told the nature of the problem being studied and 63
percent of the subjects responded that they preferred non-concurrent signing,
whereas, 37 percent preferred concurrent signing. In the second parf of this
laboratory study, the nature of the problem was exp]afned, 54 percent res-
ponded they preferred concurrent signing and 46 percenf preferred non-con-
current signing. We cannot explain, at this time, the shift in responses
when comparing the before responses to the after responses.

In study area 6, "Concurrent Signing - Route Number Reduction”, it
was desired to evaluate the relative effectiveness of route number reduction
strategies where a concurrent freeway may have its lower priority route num-
ber droppedrfrom the route's signing. A highway-to-freeway scenario and a
freeway—freeWay scenario were studied. While the study had experienced 1im-
itations, some important research results were obtained. It was determined
that the removal of U.S. numbered routes from existing Interstate facilities
should be acceptable and should perform better than will the removal of an

U.S. numbered route from an U.S. numbered highway which is connected wifh
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the Interstate freeway only for a short distance. There was no evidence
collected in this experimenf to suggest that eliminating the redundant U.S.
route numbers from an Interstate freeway would not be successful from a na-
vigational viewpoiht. There was some evidence (i.e., increased response
times) to suggest that eliminating the concurrent U.S. highway route num-
befing from a short section of concurrent Interstate would result in de-
graded navigation performance by motorists traveling the U.S. numbered
highway.

In study area 7; "Control City Information", two problems were
addressed. The first was to determine the size and the distance to the
control city. The subjects responses indicate that 65 percent of the subjects
selected cities with populations of 100,000 and above in population. Seven
(7) percent selected cities with populations of 25,000-50,000, 21 percent
selected cities with populations between 5,000 and 25,000, and seven (7)
percent selected cities with 1,000-5,000 in total population. When consider-
ing the subjects first choice of control city, 50 percent wanted the control
city to be no further than 100 miles away from their present location, and
85 percent wanted the control city to be no further away than 200 miles.
When considering both the first and second choices of control cities, 50
percent indicatéd 150 miles or less, wﬁereas, 85 percent indiéated 250
miles or less. It is recommended that the control city be né smaller than
a total population of 25,000 and Tocated no further than'ZQO miles away.

The second problem was to determine the Tocation within an urban area
where the control cify name changes. In general, the-subjects' responses
indicate that what want and expect with regard to control city names are the

same. As they enter the city 1imits the subjects expect the city name, as
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they approacﬁrthe loop and to appro%imate]y 5 miIes from the CBD they

expect either the city name and/or Downtown, any distances closer to the CBD
they expect to see the name of the neXt control city. The subjects'
responses indicated that very few were cOnfused when the'contro1'city was
not their destination city. The results of the questionnaire survey indi-
cated that theAmotorists were generally favorable to changing the control
city at: (1) near the loop entering the city, (2) near the loop leaving the
city, or (3) near the exiting city limits. Based on the results of the lab-
oratory studies and the questionnaire survey,.it is recommended that the
name of the city should be used as the control city until they approach the
loop, at that location they should pick-up the term Downtown, and near the
CBD the name of the next control city should appear.

In study areé 8, "Suburb City Information", the subjects responses for
the control city messages were not significantly different than the major
arterial messages for determining any meaningful relationship. The responses
for the advanced warning messages were significantly different than those
for the exit direction messages, indicating that the subjects preferred
the advanced warning messages to the exit direction messages. This re-~
sult, however, could be a result of the experimental design. The reSpon;es
a]sb indicated that there was no significant difference in response rates
between the Downtown messages and the Denver messages. The decision time
for any of the messages. The average decision time for the Downtown
messages was 8.70 seconds and 8.66 seconds for the Denver messages. The
only message in which there were very few correct responses and longer
decision times was Downtowh - Kansas City. This indicated that the subjects

were interpreting their messages to mean Downtown - Kansas City literally

12-5




and not Downtown Denver. In all other situations the term Downtown was
competitive with the other meséages. Thus, Downtown should be Qsed on a
sign panel either alone to refer only to the downtown area of the central
city or in combination with the name of the central city of the metropolitan
area.

In study area 9, "Right-Hand Interchanges Exiting Systems", the results
indicate for situation 1 - Exit Only situation - the subjects preferred sign
E-1. This determination waé based on the number of responses and the eya]ua-
tion of the subjects. At location D the subjects preferred sign D-1, and at
location C they preferred sign C-1, the diagrammatic sign.. In the second
situation - the option lane - the subject preferred sign'E-Z at location E.
It is recommended that the signing.systems with the highek systém eVa]uation
statistics be'imp]emehted before the other. A graphic representation of the
recommended signing systems for each of the above situations are presented
in Figure 10-5, 10-6 and 10-7.

The results of study area 10, "Left-Hand Exit Signing Study," indicate
that for the dual left-lane exit situation, signs A-1 and A-2 could be used
at the gore area, sign B-4 was the subject's definite choice at the one-ha]f
mile location and that sign C-4 should be used one-mile away from the exit.
Sign B-1 recieved a higher rating by thé subjects than did sigﬁ B-4, how-
ever only four subjects selected sign B-1 as the preferred sign whereas 35
subjects selected sign B-4. For the single left-lane exit situation when the
exit lane is an option lane, the subjects preferred sign A-3 at the gore area,
sign B-S'one-ha1f mite away‘from the exit and either sign C-1 or sign C-3
at the one mile location. Sign A-1 recejved a slightly higher rating (3.34)

than did sign A-3 (3.25), however this difference is not significant. There
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were ten (10) more subjects that preferred sign A-3 (29) than preferred sign
A-1 (19). Either of these signs could be used interchangeably. At the one
mile location sign C-3 received a higher rating (4.00) than did sign C-1
(3.58). In the single left-lane exit situation where the exit lane is an
exit only lane, the subjects preferences indicate that signs A-3, B-4 and
C-4 should be used at the various locations. Sign A-1 received a slightly
higher rating (3.92) than did sign A-3 (3.63), however this difference is
not significant. Also sign C-1 recieved a slightly higher rating (3.92)
than did sign A-3 (3.63), however this difference is not significant. Also
sign C-1 received a slightly higher rating (4.11) than did sign C-4 (4.07),
again this difference is not significant. It is for these reasons that the
signing system of A-1, B-4 and C-1 received a higher total system evaluation
statistic (3.98) than did the signing system of A-3, B-4, C-4 which received
a rating of 3.87. This difference is not significant and both 1ie within
the 75th percentile level. Either of these systems could be used inter-
changeably. The recommended signing systems for each of the above situations

are presented in Figure 5.
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