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PREFACE

The overall objective of this study was to examine
the adequacy of Texas highway guide signs. Guided by
this objective, the study team investigated methods for
identifying guide sign problems, classification of these
problems, and alternative signing methods. Several tech-
niques were used to identify highway signing problems.
Field observations of signing and roadway alignment
were recorded, both on still photographs and on video-
tape, along selected segments of highways in Fort Worth,
Austin, and San Antonio. Highway signing problems
were classified into three major groups: poor or insuffi-
cient signing, complex highway geometry, and inad-
equate driver recognition. Alternatives for each problem
category are explored, together with a proposal for a
signing system based on a hierarchy of information.

Highway guide signs to airports (trailblazers) were
also studied. Inspection and photographic logging of air-
port trailblazer signs were performed on approaches to
Robert Mueller Municipal Airport (Austin), San Antonio
International Airport, William P. Hobby Airport (Hous-
ton), Houston Intercontinental Airport, Love Field Airport
(Dallas), and Dallas-Fort Worth Regional Airport.

Roadway-user surveys were conducted to evaluate
alternative highway guide signs. In this study, fourteen
signing-problem situations were tested using fully-
diagrammatic and partially-diagrammatic signs. In
addition, the airport silhouettes used on airport trailblazer
signs were tested. Further recommendations for rescarch
in highway guide signing and airport trailblazer signs are
also discussed.

ABSTRACT

Highway guide signs are used, principally, to direct
motorists to different routes, destinations, and other exits
along the system. Not surprisingly, some motorists find
this system too difficult to navigate and get lost. The ba-
sic issue facing the Texas State Department of Highways
and Public Transportation (SDHPT) is to develop a road-
way information system (guide signs) that enables motor-
ists to drive efficiently, conveniently, and safely. The
overall objective of this research is to examine and evalu-
ate guide signing complaints and suggest alternative sign-
ing methods or configurations to improve roadway-user
information.

Following identification of procedures for inventory-
ing guide sign problems, and after the actual inventory,
guide sign problems were analyzed categorically for (1)
problems that stem from poor or insufficient signing, (2)
problems that stem from complex or unusual roadway ge-
ometry, and (3) problems that stem from inadequate
driver recognition.

A number of roadway users have confronted
ambiguous, confusing, or erroneous guide signs.
Sometimes signs that seem to inform clearly, mislead
people due to incorrect information, or drivers simply
perceive the meaning of the sign differently. It is also

possible that incorrect decisions are made by motorists
for reasons not the fault of the system. Some motorists
may be uninformed about signing procedures.
Additionally, more prevalent use of road maps may lead
to better driver response at difficult interchanges, fewer
missed exits, etc. A survey of the drivers’ understanding
or perception of the meaning of guide signs was
conducted. The survey responses indicate that motorists
have greatest difficulty at interchanges with complex or
unusual geometry. The signs usually contain too much
information for the motorist to comprehend quickly.

Associated with highway guide sign problems are the
unique features of airport trailblazing. The problem, sim-
ply, is with airline clients who are unfamiliar with airport
access routes and lack adequate route information at ma-
jor decision points on the way to the airport. Complaints
have been received from various sources about trailblazer
signs leading to airports that provide commercially
scheduled flights in Texas. Accordingly, airport trail-
blazer signing for the major airports in Austin, Houston,
San Antonio, Dallas, and Fort Worth was inventoried and
analyzed. Surveys were conducted to identify the major
problem areas for airports.



SUMMARY

Generally, roadway signing in Texas is considered
adequate. Surveys from visitors’ information booths
commented on how well Texas is signed. The percentage
of problem signs, as compared with total signs, is small;
however, given that an improperly signed exit or destina-
tion could have serious consequences, it is useful and
necessary to monitor potential signing problems.

The use of road maps could greatly reduce potential
signing problems. A road map, either local or interstate,
could prepare the highway user for what to expect ahead
and give him or her more flexibility in finding the neces-
sary road information. Unfortunately, many roadway us-
ers do not work with maps; but for those who do use
maps, it is important to coordinate the information on
maps with that shown on signs.

Whether or not roadway users employ maps, it is
evident that there are parts of the existing signing system

that are confusing and could be improved. Improved
signing would result from consistency in the type of ar-
rows used in lane assignment; i.e., the number of arrows
should equal the number of lanes. Another important fac-
tor is guide signs placed in advance of all exits and lane
splits.

The study of trailblazer signs for airports indicates
that while signing is adequate on highways in close prox-
imity to the airports, signing at major highway inter-
changes farther away from the airport needs improve-
ment. The solution to this problem, again, could be
enhanced by the use of a map. More extensive use of air-
plane symbol signs for airport trailblazers is recom-
mended.

IMPLEMENTATION STATEMENT

Procedures for identifying guide sign problems are
presented and can be used for future research. Guide
sign problems have been categorized to assist in
development of future signs. Based on the research,

iv

greater utilization of lane assignment arrows, matching
the number of lanes, should improve driver recognition
and understanding.
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CHAPTER 1. INTRODUCTION

THE BASIC PROBLEM

The Texas Highway System has over 77,244 miles,
including Farm-to-Market roads. Highway guide signs
are used, principally, to direct motorists to different
routes, destinations, and other exits along this system.
Not surprisingly, some motorists find the system too dif-
ficult to navigate and get lost. The basic issue facing the
Texas State Department of Highways and Public Trans-
portation (SDHPT) is to develop a roadway information
system (guide signs) that enables motorists to drive effi-
ciently, conveniently, and safely. The overall objective of
this research is to examine and evaluate guide signing
complaints and suggest alternative signing methods or
configurations to improve roadway-user information.

Roadway-user information is a broad term that in-
cludes signing, delineation, roadway maps, and other
user-recognized references. The focus of this research ef-
fort is on two related but distinct signing problems. The
first relates to highway guide signs—signs that convey
route, destination, lane assignment, or exit information.
Throughout this report, any references to signing relate to
this aspect, and not to advertising signs, etc. The second
component is airport trailblazing—a series of signs that
motorists follow to reach a particular airport.
Trailblazing signs, as the name implies, establish a path
for motorists to follow, a path which may cover several
different designated roadways. Guideway signs, on the
other hand, convey information about upcoming exits and
routes and are not intended to establish a route for a par-
ticular destination.

LITERATURE REVIEW

An extensive literature search and review was under-
taken to examine prior research in this area. Most of the
relevant papers and reports found were studies completed
in the United States and published in the Transportation
Research Record by the Transportation Research Board.
A number of research publications by Divisions of the
SDHPT were identified. Publications. by the Texas
Transportation Institute (TTI) were also included, a num-
ber of which are technical memorandums and working
papers. These, and all other publications relevant to this
study, are listed in the bibliography of this report.

In the United States, there has been a perception—
correct or otherwise—that signs are not as effective as
they could be in conveying needed information to the
driver in an efficient and effective manner. Empirical
studies by King, on the performances of drivers engaged
in highway navigation, suggest that driver demographics

and the time of day have little effect on driver perfor-
mance (Ref 1). Field studies were performed with driv-
ers who were observed operating and navigating an auto-
mobile on a prescribed path both during the day and at
night; the distances driven and the travel times were com-
pared with those necessary to accomplish the same tour
using optimum routes. Data analysis indicates that both a
significant portion of the total vehicle miles traveled and
a larger proportion of the total driving time were exces-
sive. While part of the problem was route selection,
route planning, and trip sequencing, drivers also indicated
an inability to follow routes accurately, which included
all aspects of response to, reliance on, and anticipation of
highway signing.

The importance of providing the driver with the in-
formation needed to perform the driving task has been
underscored by researchers in the United States and other
countries. Studies conducted in Great Britain in the
1970’s suggested that, in 1976 alone, between $390 mil-
lion and $540 million (1976 U.S. dollars) had been
wasted in terms of fuel, time, and operating costs by driv-
ers travelling distances in excess of those that were
strictly necessary. This was considered by Wootton to be
directly attributable to inadequate or improper highway
signs (Ref 2).

Waldeland divides the road traffic system into three
major components (Ref 3). The first is the road user, in-
cluding drivers, passengers, cyclists, and pedestrians.
The second component is the vehicle, which includes all
types of motorized and non-motorized vehicles. The
third component is the road system, which denotes the
road and its geometric design, intersections, pedestrian
walks, parking lots, and surrounding environment, and
which includes traffic signals, signs, and road markings.
These three components constitute the traffic system that
people deal with daily. Society allocates resources that
can be supplied to the road sector, thus indirectly decid-
ing the standards of the road system. Waldeland argues
that all road systems are more or less imperfect and test
the road user’s capabilities.

The American Association of State Highway and
Transportation Officials has stated that the driving task
depends on how motorists receive and use information
(Ref 4). The driving process is a combination of a
driver’s perception, interpretation, judgment, and reac-
tion; the transmission of information from the road sys-
tem to the driver is essential during this process. Ac-
cording to Waldeland, a continuous stream of visual
sensations or impressions (and to some extent aural im-
pressions) from the roadway, signs, road markings, traffic
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signals, and other road users should be recognized and
evaluated while driving (Ref 3). Faulty or misleading
impressions, misunderstandings, and misjudgments may
lead to wrong decisions, uncontrolled actions, or acci-
dents. Therefore, the information the motorist gets from
the traffic system through geometric design, signing, and
road marking should address the driver’s needs. It is im-
portant that the signs be explicit and easy to understand,
so that accidents and stress are avoided.

A study in Melbourne, Australia, by Ambrose and
Hoffmann about the necessity for traffic sign installations
as judged by local government engineers produced incon-
sistent responses for most sites (Ref 5). When asked to
judge whether the signs at 27 traffic sign locations were
required, the engineers were “...not in agreement as to the
need for a sign” (Ambrose and Hoffmann, page 185). As
pointed out in the study, this lack of agreement is a cause
for concern, because it indicates the use of dissimilar de-
cision-making criteria by the various engineers. These
different evaluations of road signing by engineers suggest
that average drivers may have even more disagreements
about signing.

B. R. Cooper studied the comprehension of traffic
signs by drivers and non-drivers in the United Kingdom
(Ref 6). Forty-six regulatory, wamning, advisory, or infor-
mation signs, and a number of features of direction signs,
were tested through a survey. He said, “Individual signs
were correctly identified by between 18 and 100 percent
of drivers, the average being 75 percent. In general,
signs were best understood by those driving high mile-
ages, by those in lower age groups, and by those in the
higher social groups. Non-drivers understandably had
lower success rates, about 53 percent overall” (Cooper, p
1).

One major objective of this study is to examine the
users’ perceptions of the meaning of highway signs. Few
studies directly discuss this problem. National Coopera-
tive Highway Research Program Report 123 is the most
relevant study found (Ref 7). This report, “Development
of Information Requirements and Transmission Tech-
niques for Highway Users,” analyzes drivers’ information
needs and the means for satisfying them, together with
the role of fixed-highway signing.

CONTRIBUTIONS OF THIS STUDY

This study attempts to provide further insight into the
problem of highway signing. Past researchers have con-
ceived and advocated different systems and technigues
for better highway guidance that have included:

(1) improved trip planning and map reading skills,

(2) improved accuracy, availability, and legibility of
highway maps, and

(3) improved highway information systems.

This study is organized into five chapters. The major
development begins in Chapter 2, where input from traf-
fic management teams and various Texas SDHPT Dis-
tricts is discussed. A list of problem signing situations in
each District as compiled by researchers at the Texas
Transportation Institute (TTI) and the Center for Trans-
portation Research (CTR) is included in Appendix A.
The problem locations in each District were inspected
and videotaped for future reference. Problems related to
video logging are also discussed.

Chapter 3 contains a discussion of drivers’ under-
standing and perception of guide signs. Responses from
user surveys highlight the perceived differences of the
meaning of several different highway signs. Several al-
ternative signing methods, including diagrammatic and
partially-diagrammatic signs, are tested.

In Chapter 4, problems associated with airport trail-
blazer signs are presented. Trailblazer signs in Austin,
San Antonio, Houston, Dallas, and Fort Worth were in-
ventoried and reviewed. Shortcomings of each system,
as well as suggestions for additional trailblazer signs, are
noted. The findings of a survey conducted at DFW,
Houston Intercontinental, San Antonio, and Austin
Mueller airports are also presented.

The report concludes with Chapter 5, wherein the re-
search findings are assessed and areas are identified
where additional work may prove fruitful.

The bibliography lists all relevant publications. Ap-
pendix A is a directory of potential problem locations for
various areas as defined by motorist surveys and other
sources, and Appendix B contains user perception survey
data and demographics. Appendix C contains detailed
data on the airport surveys.



CHAPTER 2. HIGHWAY SIGNING INVENTORY

IDENTIFYING HIGHWAY SIGNING
PROBLEMS

A number of motorists reported problems with vari-
ous locations. These complaints were the initial basis for
a review of highway guide signs. Various sources were
used to identify potential problem locations. Highway
User Surveys, collected by the Texas Transportation Insti-
tute (TTT), contained inputs from officials with different
highway districts in Texas and provided important infor-
mation on problem locations. These problem locations
are listed in Appendix A. Other problem locations were
identified by urban area Traffic Management Teams and
analyses of accident data.

Field inspections, where researchers drove on the
highways and maneuvered through the identified problem
locations, provided valuable insight into the problem of
effective signing. Most of the locations were experienced
by the researchers for the first time and are good ex-
amples of problem signing in Texas. Researchers experi-
enced frustrations similar to those of other motorists by
failing to understand the signing and execute actions in a
timely and effective manner.

HIGHWAY USER SURVEYS

The Highway User Surveys, also referred to as citi-
zens’ surveys, collected by TTI were the principal source
for identification of problem locations. Potential problem
locations identified by these surveys in Fort Worth, San
Antonio, and Austin were videotaped by teams from the
Center for Transportation Research (CTR). Possible
problem locations in other cities (Amarillo, Lubbock,
Abilene, Houston, Corpus Christi, and Dallas) were vid-
eotaped by TTI. These videotapes were used to further
analyze the problem and categorize the highway signing
problems into common groups.

INPUT FROM TRAFFIC MANAGEMENT

TEAMS

The Traffic Management Teams in the major urban
areas in Texas are comprised of transportation officials
from cities, counties, the State Department of Highways
and Public Transportation (SDHPT), police departments,
and other agencies in the metropolitan areas. Several
meetings with the Traffic Management Teams were held,
and these meetings were generally helpful in validating
previously identified problems. As a principal source for
identifying problems, however, these meetings did not
generate significant results.

INPUT FROM OFFICIALS FROM SDHPT
DISTRICTS

Separate meetings were held with SDHPT District
officials from Austin, Dallas, Fort Worth, San Antonio,
and Houston. These discussions were useful in identify-
ing types of problems and reviewing other problem loca-
tions. Sites selected for further study were identified by
the District officials from three of the cities and are listed
in Appendix A. Five problem locations in Fort Worth,
three in San Antonio, and five in Austin were identified
by District officials. All problem sites were videologged.

Additional meetings were held with a Technical Ad-
visory Committee formed for this study, consisting of
various SDHPT District officials and representatives from
TTI and CTR. The primary focus of these meetings was
to review methodology and status reports prepared by
TTI and CTR. Additionally, these meetings fostered bet-
ter coordination among the involved parties and dissemi-
nated pertinent information to the SDHPT.

ANALYSIS OF ACCIDENT DATA

Accident data for some sections of IH-35 in the San
Antonio District were examined to determine whether or
not any correlation existed between problem locations
identified by respondents in the Highway User Surveys
and accidents in that area. Accident data for some sec-
tions of IH-35 were examined, including selected loca-
tions with high accident frequencies.

It was determined that detailed analysis of accident
data and their relationships with highway signing was be-
yond the scope of this study. However, a recent study in
California by the Center for Transportation of the Council
of State Governments found a positive link between sign-
ing and highway fatalities (Ref 8). It is entirely possible
that special signing, such as warning signs at locations
with high frequencies of accidents, might favorably influ-
ence the frequency and/or severity of accidents at prob-
lem locations. This is an area worthy of further examina-
tion.

VIDEO INVENTORY OF HIGHWAY
SIGNS

Visual documentation of the identified signing prob-
lem locations on the highways was needed to analyze and
classify signing problems. In addition, such a catalog
provides an information base useful for further evalua-
tions and studies. Various videotaping techniques were
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tested for performance and accuracy of recording infor-
mation. A 15-minute summary tape was compiled by
CTR researchers to demonstrate certain aspects to video
logging highway signs.

Videotaped results, using both telephoto and wide-
angle lenses, were examined. Certain trade-offs to video-
taping with either of the lenses became clear. Shooting
with a telephoto lens tends to make the lettering of high-
way signs more legible when viewed on a monitor; how-
ever, other factors reduce the quality of the video frames.
A review of each of these factors is provided in the fol-
lowing sections. These factors were demonstrated in the
15-minute summary videotape noted above.

VIBRATIONS

A sign captured with a telephoto lens picks up more
vibrations than a sign taped with a wide-angle lens. Such
vibrations are caused by the road surface and vehicle in-
duced vibrations. The vibrations caused by anti-skid
grooves and pot holes are worse than periodic expansion
joints in the pavement structure. These vibrations make
it nearly impossible to read the signs, especially when a
zoom lens is used. The use of a wide-angle lens lessens
the vibrations and is more effective than a telephoto lens.

FIELD OF VISION

A wide-angle lens has a much wider field of vision
than a telephoto lens and is particularly effective at cap-
turing overhead signs. It also captures signs located in
the right-of-way, adjacent to the paved surface; the tele-
photo lens is not effective in recording such highway
signs. Furthermore, overhead signs videotaped with a
telephoto lens move from the field of vision faster than
when a wide-angle lens is used. At 55 miles per hour an
overhead sign leaves the field of vision of the telephoto
lens almost three seconds before it moves out of the the
driver’s field of vision. Conversely, signs become visible
sooner through a telephoto lens, on a tangent section of
highway. If a sign is mounted beyond even a slight curve
in the highway, the telephoto lens does not record the
sign effectively. The field of vision produced through a
wide-angle lens better approximates the driver’s actual
field of vision. The time lag is only one-half second at
55 miles per hour compared to three seconds for the tele-
photo lens.

PERSPECTIVE DISTORTION

Both telephoto and wide-angle lenses produce a dis-
torted perspective with greater distortion in the telephoto
mode. This aspect is most evident when the highway
segment being taped has an appreciable grade. In gen-
eral, grades tend to be magnified in a telephoto shot and
reduced in a wide-angle shot. If there are any aspects of
a combination of signing and highway grades that have to

be taped, it would be most advisable to shoot two sepa-
rate sequences, one with a wide-angle and one with a
telephoto lens, to provide a basis for comparing dxstor—
tions produced by the different lenses.

LANE POSITION

The field of view provided by a telephoto lens may
not cover overhead signs that are very wide or widely
separated. In cases where three or more lanes with over-
head signs extend along the entire width of the highway,
a telephoto lens may not capture details of all of the
signs. This is especially true of signs mounted over exit
lanes when the camera-mounted vehicle is driven on the
outermost (left) lane. For example, along selected routes
in Dallas, advanced exit signing is placed along the me-
dian while ramp signs are mounted along the right shoul-
der of the highway. With a telephoto lens it is almost im-
possible to capture a good view of all the signs which the
driver passes.

SIGN LEGIBILITY

In this category, telephoto lenses provide an advan-
tage over wide-angle lenses; generally, signs become leg-
ible much sooner through telephoto lenses than when
they are viewed through wide-angle lenses. The small
lettering on historic markers and other side-mounted
signs is extremely difficult to read with a wide-angle
lens.

OTHER FACTORS

Lighting is an important factor; as with any photo-
graphic enterprise, the intensity of ambient light and the
position of the sun with respect to the camera and the
subject is important. Signs in the shade are difficult to
read, especially when the the camera is not in front of the
sun. It is unproductive to tape signs with the sun behind
the subject. Not surprisingly, in most situations, if bad
lighting conditions exist for one direction of a highway,
good lighting conditions exist for the same highway in
the opposite direction.

Taping at night has been limited. For a section of
US-290 west as it connects to IH-35 in Austin, six sepa-
rate tapes were made to test combinations of high beam,
low beam, telephoto lens, and zoom lens. All variations
proved ineffective; very little is visible on any of the

tapes.

SUMMARY

Effects of using the two lense types are summarized
in Table 2.1. Video taping provides a reasonable catalog
of highway signs; however, as a data base for quantita-

tive analyses of highway delineation and signs, its uses
are limited.



TABLE 2.1 EFFECT OF FACTORS ON
TELEPHOTO AND WIDE ANGLE LENSES
Telephoto  Wide Angle

Sensitivity to Vibrations Poor Moderate

Field of Vision Poor Good

Perspective Poor Good

Lane Position Poor Good

Legibility of Signs Good Poor
CLASSIFICATION OF SIGNING
PROBLEMS

The problems of using signs as a means of convey-
ing information to the operator of a motor vehicle are
identified in this study and can be listed in three broad
categories. These major categories are:

(1) problems that stem from poor or insufficient sign-
ing,

(2) problems that stem from complex or unusual road-
way geometry, and

(3) problems that stem from inadequate driver recogni-
tion.

PROBLEMS THAT STEM FROM POOR OR
INSUFFICIENT SIGNING

A number of sign problems relate to information de-
ficiencies. Based on the research, these deficiencies gen-
erally relate to the following items:

(1) information is not available to the user,
(2) information is temporarily obstructed, and/or
(3) information is confusing, misleading, or erroneous.

The first of these problems, in which the information
is not available to the user in time for him to make an ap-
propriate decision, occurs when information on the sign
is missing or incomplete or if no sign exists at the loca-
tion. Inadequate advanced signing and lack of informa-
tion continuity are in this category. Additionally, a prob-
lem occurs when the designation of the highway, e.g.,
TH-820, is not displayed. Inadequate information also oc-
curs when the sign is obstructed from view by an
overpassing bridge, a tree, another sign, etc.

A sign can also be temporarily obscured when the in-
formation on the sign is not present for the driver at the
appropriate time. Moving trucks, road maintenance, and
reconstruction work in the area may temporarily obstruct
the driver’s view of a sign. Both reconstruction and road
maintenance are frequently reported and often difficult to
deal with effectively. The sign may be difficult to read
due to insufficient illumination of a sign during dark
hours or inclement weather.

Many problem locations identified in this study were
created by reconstruction work on highway interchanges

and are therefore temporary in nature. For example, any
number of complaints were received about the signing at
the interchange between the south part of loop TH-820
(IH-20) and IH-35W in Fort Worth. This was a tempo-
rary problem with several of the complaints remedied
prior to the videotaping and inspection of the location.
Out of five public complaints at this interchange, only
one was identified by the research team as a real prob-
lem, and that problem should be rectified following
completion of the interchange.

The last group, which involves confusing, mislead-
ing, or erroneous signs, has to do with the roadway user’s
interpretation of the sign. The sign can be confusing
when it has too much information or when the informa-
tion presented is ambiguous. Most lane assignment prob-
lems fall into this group. Based on the research, it can be
concluded that signing consistency is most apt to reduce
driver confusion, particularly with respect to lane arrows.

Concurrent routing, a procedure commonly used in
Texas, also contributes to the confusion problem. In ur-
ban settings, a single highway may be designated for
three or more different routes. This problem becomes
magnified at major interchanges and can easily lead to in-
formation overload for drivers.

Misleading or erroneous information may also occur
on a sign. Some error may have appeared in the design,
or information on the sign may be obsolete; changes to a
specific location on a sign or to the road system are in-
cluded in this group. If, for example, Arlington Stadium
in Arlington were to change its location, all previous
signing with information about Arlington Stadium would
have to be corrected and new signs for the new location
would have to be provided. If the signs for the old loca-
tion to the stadium were still there, the information would
be incorrect and misleading,

PROBLEMS THAT STEM FROM COMPLEX OR
UNUSUAL ROADWAY GEOMETRY
This category includes problem locations that relate
more to difficult roadway geometry than to inadequate or
improper signing. Because each of these problems is
more location-specific than problems due to poor or in-
sufficient signing, categorization is more difficult. Still,
there are certain geometric features, especially on urban
highways, that are associated with problems related to
conveying information to drivers. These features are
grouped as follows:
(1) Exit-related problems associated with an access-
controlled facility—
(a) Left-hand exits,
() Optional exit lanes / optional thru lanes
(single or multi lanes),
(c)  Exitramp lanes that split,



(d) Exit ramp within an interchange for local
destinations,
()  Multiple exits within a short distance, and
(f) Inconsistency when exit (ramp) is in ad-
vance of or beyond the interchange;
(2) Potential sight distance problems due to highway
geometry—
(@  Crest curve may reduce sight to signs,
W) Overhead structures like bridges block sight
(especially in sag curves), and
(c)  Horizontal curves where lane assignment ar-
rows look like they appear over wrong lane;
and
(3) Other geometric features associated with signing
problems—
(@ Lane drops, for example where the highway
has an upper and a lower level,
(b)  Major freeway divisions or bifurcations,
(c)  Merging of lanes,
(d Lanes added near exits, and
(¢) Tangential off-ramps from curved main
lane,

PROBLEMS THAT STEM FROM INADEQUATE
DRIVER RECOGNITION
The final category is perhaps the most difficult to ad-
dress and is beyond the scope of this study. The driver is
the most important element in the highway system, as is
indicated by the fact that a high percentage of all high-
way accidents are attributable to driver error. But, how-
ever important the driver may be, it is virtually impos-
sible to have a common characterization that would fit a
majority of drivers on a highway. The question then be-
comes, “What are the characteristics of the ‘Design
Driver?’”
Important variables for identifying the design driver
are:
(1) age,
(2) education,
(3) visual acuity,
(4) driving exposure/experience,
(5) familiarity with location,
(6) economic background,
(7) driving while intoxicated, and
(8) other demographic characteristics.

In addition, specific information needed by drivers should
be identified, as well as factors relating to selection and
transmission of information. Visual display of words or
symbols is the commonly recognized procedure for
conveying information to drivers. Still, even this form of
transmission is limited, and there are questions as to the
extent of its usefulness. Research in new communication

technologies and navigation procedures, such as in-
vehicle guidance, may provide new avenues for the
future. Continued research is also warranted in the area
of human factors.

ADDRESSING SIGNING PROBLEMS

Included below is a general description of alternate
approaches to problems that stem from poor or insuffi-
cient signing and to problems associated with complex or
unusual roadway geometry. Alternatives for problems
that stem from inadequate driver recognition are beyond
the scope of this study. Further study is needed to ad-
dress the issues derived from inadequate driver recogni-
tion.

DIAGRAMMATIC SIGNS

Restated, the driving issue in its most general form,
is to define the most effective means of communicating
information to drivers, given that, in most cases, there is
more information to be communicated than space avail-
able. If too much information is presented, it may con-
fuse drivers and cause them to miss the messages they
are interested in or need to know.

During meetings with SDHPT District officials, ad-
vance diagrammatic signs, giving drivers a full perspec-
tive of the layout, were discussed as a means of address-
ing problems at interchanges. In general, the research
findings indicate that advance diagrammatic signs for in-
tersections are well understood by users. The 1980 Texas
Manual on Uniform Traffic Control Devices, in fact, en-
courages the use of diagrammatics at several advance
guide sign locations. It notes, “Diagrammatic signs are
guide signs that show a graphic view of the exit arrange-
ment in relationship to the main highway. Use of such
guide signs has been shown to be superior to conven-
tional guide signs for some interchanges™ (Ref 9, pp 2F-
34).

There is still resistance, however, from federal au-
thorities, to widespread use of diagrammatic signs. Part
of their opposition may be based on research that indi-
cates significant groups of drivers have problems in un-
derstanding symbolic information called for in the
Manual on Uniform Traffic Control Devices. Dewar’s re-
search found that “Recent efforts at developing new sym-
bolic messages indicate that not all {messages for drivers)
can be translated into symbols” (Ref 10). A diagram-
matic sign is comparable to a symbol sign, where the user
perceives a meaning of a sign as ambiguous or simply
may not understand.

Further study on the use of symbols or pictographs to
convey information could be useful, especially in light of
European signing standards that have successfully
adopted this type of design approach. If a more extensive
use of diagrammatics is found valuable, many complex



highway geometry problems can more easily be ad-
dressed.

Examples of diagrammatic signs are found, among
other places, in Fort Worth: westbound on TH-20 at loop
TH-820 west, northbound at IH-35W and state highway
(SH) 121, eastbound at the IH-20 and IH-30 split-off, and
westbound on IH-635 for state highway 121 south and
north. These signs seem to be in accordance with the cri-
teria for a diagrammatic sign in the Manual on Uniform
Traffic Control Devices.

A SYSTEMS APPROACH TO SIGNING

From a systems perspective, a hierarchical approach
to sharing road information (each level or hierarchy
would have its own distinct style and color combination
to provide instant recognition of type) would be most ap-
propriate. To a certain extent, this practice is followed in
the Texas Manual on Uniform Traffic Control Devices
through use of coloring and shapes. Similarly, a hierar-
chy of information could be devised by separating local
destination signs from distant destination signs, not only
by their position on the overhead signpost but also by
color. For example, all signs for distant destinations
could be placed on the extreme left of the overhead
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boarding with a color different from that of signs identi-
fying local landmarks. All signs for upcoming highway
interchange ramps and exit ramps could be placed to the
right of distant destination signboards in a color different
from that of signs identifying distant destinations.

Drivers presented with information at these two lev-
els (local and distant destinations) could selectively
screen out the information that is not of any immediate
interest and focus on the pertinent information. This
would allow placement of more signs without overload-
ing drivers with too much information to sift through. A
comparable practice is used on the European continent,
where West Germany and The Netherlands convey local
and distant destination information with color codes.

A policy could be developed for constructing a hier-
archy for presenting information more systematically.
Development of such a policy would require additional
research into acuity of driver perception of different col-
ors. (Information from some European countries could
be useful in this area.) It is also important to hierarchi-
cally classify all information presented to the driver. Fi-
nally, as in every situation, any policy requires periodic
assessment to insure that it reflects the state of knowl-
edge and practice.



CHAPTER 3. USER PERCEPTION OF HIGHWAY SIGNS

DISCUSSION OF THE PROBLEM

As mentioned in Chapter 2, a number of roadway us-
ers have confronted ambiguous, confusing, or erroneous
guide signs. Sometimes signs that seem to inform clearly,
mislead people due to incorrect information, or drivers
simply perceive the meaning of the sign differently. A
guide sign that is perceived differently by a number of
drivers is unacceptable. The objective of a guide signing
system is to assist drivers in navigation to their destina-
tions in “the most simple, direct manner possible” (Ref
9.

Although the guide sign system may convey am-
biguous, confusing, or erroneous information, it is also
possible that incorrect decisions are made by the motor-
ists for reasons not the fault of the system. Some motor-
ists may be uninformed about signing procedures. Addi-
tionally, more prevalent use of road maps may lead to
better driver response at difficult interchanges, fewer
missed exits, etc.

This chapter presents a discussion the driver’s under-
standing or perception of the meaning of guide signs.
How drivers perceive the meaning of a guide sign is ex-
amined based on results obtained in surveys used to illus-
trate driver response to different signing problems. The
surveys focus on guide sign problems at exit ramps, the
major area of concemn identified in the citizens’ surveys
conducted by the Texas Transportation Institute (TTI).

USER SURVEYS

Motorists’ perceptions of the meaning of traffic signs
are tested in two surveys. Each of the surveys illustrates
a section of highway with various guide signs. Survey
respondents were given a destination and asked to choose
the lane they should be driving in to reach their destina-
tion. Ilustrations used in the surveys are shown in Figs
3.1 through 3.9B.

Importantly, surveys using illustrated material of
highway sections and signing for questions about lane
choice and destination do not replicate the real situations
people confront while driving on a highway. People may
respond differently to a survey as compared to a real sit-
ation. Drivers are often given advance signing that wams
or prepares them for upcoming interchanges, or have
other visual landmarks that cannot be replicated by
single-frame graphic material. Finally, the survey is
based on a sample of convenience and not a random sur-
vey. However, given these recognized limitations, the
survey responses still provide some useful and interesting
information, as well as a methodology for evaluating
signing aiternatives,

The surveys were conducted among students and em-
ployees at The University of Texas at Austin. The survey
respondents, after furnishing some biographical data,
were given an explanation of the questions to be asked,
together with an example. Each respondent was given 10
seconds per roadway problem. Respondents were not al-
lowed any extended time to study, review, or ask ques-
tions about the situation.

Illustrations of the highways and guide signs used in
the first survey were designed to replicate signing loca-
tions in San Antonio and Austin, These locations were
identified through in-situ inspections of problem loca-
tions identified from the citizens’ survey conducted by
TTIL.

The San Antonio problem location tested in the first
survey reccived the most complaints in the citizens’ sur-
vey. This problem is located at an interchange on the in-
ner loop around San Antonio, where there are splits and
mergers of several major highways. The highways in-
volved in this interchange are IH-10 and 35 and US 81,
87, and 90. A map of this location is shown in Fig 3.10.

The second survey tested several options for a prob-
lem interchange and airport trailblazing. Survey two was
conducted in two versions, A and B, with only the desti-
nations changing. The airport trailblazer sign problem
tested the orientation of the airplane symbol used on sev-
eral airport trailblazer signs. The objective for testing the
airport problem was to determine whether or not the air-
plane symbol implied another message—directional in-
formation (see Figs 3.9A and 3.9B).

A number of alternatives were tested for the San
Antonio situation. The order of the problems and the
names of the destinations were changed in order to focus
on the signing methods and not the destination. Fully-
diagrammatic signs (Figs 3.3, 3.4, and 3.8), partially-
diagrammatic signs (Figs 3.7A and 3.7B), signs with
arrows in an upward direction (Figs 3.2 and 3.6), and
signs with lane assignment arrows in a downward
direction (Figs 3.1 and 3.5) were used in the survey.

Figures 3.1 through 3.9B illustrate the scenarios used
in the roadway user perception surveys. Except for the
figure text, the lane numbering, and the participants’ per-
centage choice of each lane that is added, these illustra-
tions are identical to those used in the survey,

DISCUSSION OF RESULTS

Again, it should be noted that an illustration of a
signing problem is not equivalent to the real signing situ-
ation, However, certain typical misunderstandings or
mistakes made in the surveys may be valid in real situa-
tions.



In general, when a guide sign has the same number
of arrows as the number of lanes, respondents seem to
understand the situation and make the correct decision.
Guide signs with the number of arrows not equal to the
number of lanes seem harder for motorists to compre-
hend. This was also pointed out several times in meet-
ings with SDHPT officials. The responses made to the il-
lustration shown in Fig 3.1, where there are three lane
arrows and four lanes, illustrate this confusion. In Figs
3.5A and B, 3.6A and B, and 3.7A and B, where the
number of arrows and lanes are equal, there seems to be
less confusion.

It was found, not surprisingly, in the tests of the dif-
ferent types of signs, that fully-diagrammatic signs were
confusing when too much information was placed on
them. In the fully-diagrammatic signs shown in Figs
3.8A and 3.8B, 80.4 percent and 82.7 percent made the
correct lane assignment, respectively. These results con-
trast with the 97.6 percent correct responses o the exist-
ing fully-diagrammatic sign from Austin (Fig 3.3) and the
90.5 percent correct responses to the illustrative sign in
the San Antonio problem (Fig 34). The problem of in-
formation overload, however, is not specific to diagram-
matic signs. The difference in results from Fig 3.2 and
3.6A seems to be the result of too much information.
Given time to study the guide signs, clearly, the sign in
Fig 3.6A is less confusing than that in Fig 3.2. But given
the time constraint, more respondents correctly identified
lane 4 in Fig 3.2 than in Fig 3.6A. The results indicate
that an illustrative or fully-diagrammatic sign becomes
more confusing when the amount of information to be
conveyed increases. Still, a fully-diagrammatic sign is a
good alternative for explaining complicated geometric
configurations, particularly when little non-geometric in-
formation needs to be conveyed, as demonstrated in Fig
3.3.

The results for the partially-diagrammatic signs are
less conclusive (Figs 3.7A and 3.7B). Although 84.6
percent of the respondents chose correctly in Fig 3.7B as
opposed to 82.4 percent in Fig 3.6A, respondents
continued to choose incorrectly lane 3 in nearly equal
amounts (9.8 percent in Fig 3.6A and 9.6 percent in Fig
3.7B). This latter situation is disturbing given that the
partially-diagrammatic sign in Fig 3.7B is intended to
more accurately convey the optional lane. The results in
Fig 3.7A (98 percent correct responses) are a little more
distinct, as compared to those in Fig 3.6B (94.2 percent
correct responses), although in general the respondents
had less difficulty with far right-hand, exit-only lanes.

The use of a downward-pointing arrow at an exit
split provided some interesting results. Figure 3.1 at-
tempts to illustrate the current signing problem in San
Antonio. Participants in the survey gave varying re-
sponses when Laredo was their destination. Only 19.2

percent chose the lane that would actually lead them to
Laredo, while remaining responses from participants var-
ied. Most of the respondents believed that lane 3 would
direct them to Laredo. This is strong evidence of the in-
adequacy of a single arrow for lane splits.

The last type of sign tested for exit splits uses an
upward-pointing arrow, with the arrows tilted 45 degrees
against the exit (see Figs 3.2, 3.6A, and 3.6B).
Generally, the results and comments received for this
type of sign were favorable. In Fig 3.2, 86.0 percent of
the respondents made the correct lane decision. (An
additional 10.8 percent changed their minds and made the
correct decision.) In Fig 3.6A, 94.2 percent chose the
correct lane to reach their destination, and in Fig 3.6B,
82.4 percent chose the correct lane. As indicated
previously, this difference may be attributable to
respondents’ ease with right-hand, exit-only lanes.

The results of the airport signing problem were not
surprising. The nose of the airplane symbol points left in
Fig 3.9A and right in Fig 3.9B. Prior to conducting the
survey it was hypothesized that the airplane symbol itself
is often perceived by motorists as indicating direction, as
opposed to a directional arrow also used on the sign. In
Fig 3.9B, nearly 35 percent incorrectly chose lane 2, the
direction the airplane symbol points rather than the arrow.
In the similar problem for Fig 3.9A, all survey partici-
pants chose the correct lane. Accordingly, it is recom-
mended that the airplane symbol be used to convey direc-
tion, supplemented by the arrows traditionally used to
indicate direction. William P. Hobby Airport has several
examples of signs where the airplane symbol points in
one direction and the arrow in another (sign numbers 4.1
and 4.3 in Fig 4.3 for W. P. Hobby Airport).

CONCLUSIONS AND
RECOMMENDATIONS

Overall, respondents seem to be confused when too
much information is given on a single sign; this is the
major problem associated with the interchange tested in
San Antonio. Signing is difficult at complex or unusually
designed interchanges. Another factor that complicates
this problem is concurrent routing. The highway section
on the south part of the inner loop in San Antonio repre-
sents five highways (IH-10, US 90, US 87, US 81, and
IH-35), too much information for one sign (see Fig 3.10).
It may be advisable to direct some of the highway traffic
elsewhere, such as through parts of Loop IH-410 and
away from this inner loop, or possibly the state should
explore alternatives to concurrent routing.

Some comments noted in the public surveys included
complaints about the signing system that are beyond the
scope of any signing system. It is evident that a signing
system can never satisfy the needs of all highway users.
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No matter how well the guide sign system is designed,
there will always be some complaints about confusing
guide signs for specific locations.

Road maps can provide additional information about
the roadway system, and it is recommended that highway
authorities encourage their use. Local or inter-state road
maps can provide the highway user with advance infor-
mation, and give him/her more flexibility in finding the
necessary route or destination.

All types of signing tested in the surveys have been
successively used in real situations. Therefore it is ap-
propriate to consider these signing types when evaluating
options for specific locations. However, evidence from
the survey tests shows that the best signing type for exit
splits is the sign with tilted arrows pointing upward (see
Figs 3.2, 3.6A, and 3.6B). This sign type produced the
best survey results and received the most favorable com-
ments from survey respondents.

The research seems to indicate that for a highway
sign at an exit split there is need for one arrow per lane.
The upward arrows above the exit lanes should be tilted
to indicate the direction of the exit and names of destina-
tions should be placed at the tip of the arrow, with the

highway symbols and their directions above these names.
The survey also indicates that diagrammatic guide signs
are appropriate in advance of an exit with a lane split
when a limited amount of information, other than geo-
metric, is to be conveyed. This practice for complete exit
signing is recommended in the Manual on Uniform Traf-
Jic Control Devices:

Page 20 for Fig 3.1,
Page 21 for Fig 3.2,
Page 22 for Fig 3.3,
Page 23 for Fig 34,
Page 24 for Fig 3.5A,
Page 25 for Fig 3.5B,
Page 26 for Fig 3.6A,
Page 27 for Fig 3.6B,
Page 28 for Fig 3.7A,
Page 29 for Fig 3.7B,
Page 30 for Fig 3.8A,
Page 31 for Fig 3.8B,
Page 32 for Fig 3.9A,
Page 33 for Fig 3.9B, and
Page 34 for Fig 3.10.
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7.2 % changed their minds from lane 3 to lane 4

Mark the lane you would drive in if your destination were Laredo.

Fig 3.1. Signing problem 1 in survey 1.
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10.8% changed their minds from lane 3 to lane 4.

Peoria Danville |

A U
o]

Chicago

Mark the lane you would drive in if your destination were Peoria

Fig 3.2. Signing problem 2 in survey 1.
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2.4% changed their minds from lane 3 to lane 4.
7.8% said they would be in either lane 4 or lane 5.

1 52

5

25.1%

64.7%

FM.
: 2222
Northland Dr.

Mark the lane you would drive in if your destination were on FM 2222 West.

Fig 3.3. Signing problem 3 in survey 1.
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7.7% changed their minds from lane 3 to 4.

Del Rio El Paso

Astin

[ |

Mark the lane you would be driving in if your destination were El Paso.

Fig 3.4, Signing problem 4 in survey 1.
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3.8% had no answer.

13.7% said they would be in either lane 1 or 2.
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Draw a line in the lane you would drive in if your destination were New York.

Draw a line in the lane you would drive in if your destination were New York.
Fig 3.5B. Signing problem 2 in survey 2B.

Fig 3.5A. Signing problem 2 in survey 24,
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2.0% had no answer,

“"NORTH]

Del Rio

.=

Draw a line in the lane you would drive in if your destination were Austin

Draw a line in the lane you would drive in if you wanted to go south on US-81.
Fig 3.6B. Use of upward-pointing arrows in
problem 1, survey 2B.

Fig 3.6A. Signing problem 1 in survey 2A.



1.9% said they would be in either lane 3 or 4.
1.9% had no answer.

2.0%
5

........................................................................................ NH -
. T ﬁ Mla
Seattle "

Havre
|Exit 0nI!|

Draw a line in the lane you would drive in if you wanted to go south on US-81.

Draw a line in the lane you would drive in if your destination were Havre. -
Fig 3.7B. Use of partially-diagrammatic sign in
problem 3, survey 2B.

Fig 3.7A. Use of partially-diagrammatic sign in
problem 3, survey 2A.
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2.0% had no answer.
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Draw a line in the lane you would drive in if you wanted to go nerth on IH-35

Draw a line in the lane you would be driving in if your destination were Larede.

Fig 3.8A. A fully-diagrammatic sign in problem 5, Fig 3.8B. A fully-diagrammatic sign in problem 5,
survey 2A. survey 2B.



Draw a line in the lane you would drive in if your destination were the airport.

Fig 3.9A. Airport signing problem 4 in survey 2A,

2.0% answered either lane.

Draw a line In the lane you would drive in if your destination were the airport.

Fig 3.9B. Airport signing problem 4 in survey 2B.
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Fig 3.10. Map of a major problem location in San Antonio.



CHAPTER 4. ROADWAY SIGNING FOR AIRPORTS

DISCUSSION OF THE PROBLEM

The researchers in this study have tried to identify
and address some of the problems unique to airport trail-
blazer signing. The problem, simply, is that an airline
client who is unfamiliar with airport access routes, lacks
adequate route information at major decision points on
the way to the airport. This can lead to incorrect choices
of routes and may delay the driver or create the need for
assistance. These time-consuming delays are a critical
factor for travelers trying to reach scheduled flights.
Complaints have been received from various sources
about trailblazer signs leading to airports that provide
commercially scheduled flights in Texas. Accordingly,
airport trailblazer signing for the major airports in Austin,
Houston, San Antonio, Dallas, and Fort Worth was se-
lected for further study.

The principal routes to the airport, those routes car-
rying significant airport-bound traffic, need to be ascer-
tained. Importantly, routes originating from large hotels,
central business districts, and convention centers should
be included. Many of the trailblazer signs may be off the
state highway system; consequently, coordination be-
tween the State Department of Highways and Public
Transportation (SDHPT) and local officials is essential to
developing an effective airport trailblazing system.

INVENTORY OF AIRPORT
TRAILBLAZER SIGNS

A field survey resulted in a photo inventory of all the
airport trailblazer signs at six major airports in Texas:
Robert Mueller Municipal Airport (Austin), San Antonio
International Airport, William P. Hobby Airport (Hous-
ton), Houston Intercontinental Airport, Love Field (Dal-
las), and Dallas-Fort Worth Regional Airport.

The following sections provide a general description
of the trailblazer sign system for each airport. Airport
Boulevard, terminal, and other signs that may be inter-
preted by motorists as airport trailblazer signs are also in-
cluded. The major signed routes, for each airport, are
graphically illustrated. The illustrations for each airport
identify the location of each airport trailblazer sign. The
numbering sequence for these signs relates to one or
more particular route(s).

ROBERT MUELLER MUNICIPAL AIRPORT,

AUSTIN

Interstate Highway 35 (IH-35) is the only portion of
the state highway system that has trailblazer signs to the
airport. Other major highways, such as U.S. Highway
290 (US 290) and U.S. Highway 183 (US 183), have no
trailblazer signs leading to the airport. Streets within the
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central business district and under the city’s jurisdiction
are without trailblazer signs. Signed routes for the airport
are graphically illustrated in Fig 4.1 and described below:

Route 1:*  Northbound on IH-35 (lower level), exit
onto Manor Road, and eastbound to the
airport (sign numbers 1.1, 1.3 to 1.11).
Northbound on IH-35 (upper level), exit
onto Airport Boulevard southbound, and
exit to Manor Road eastbound to the air-
port (sign numbers 1.2, 2.1, 3.6, 3.7, and
1.8 to 1.11).

Southbound on IH-35, exit onto Airport
Boulevard southbound, and then follow
the signs provided in route 2 (sign num-
bers 3.1 t0 3.7 and 1.8 to 1.11).
Northbound on access road to IH-35, exit
onto Airport Boulevard southbound, and
then follow the signs provided in route 3
(sign numbers 4.1, 3.6 and 3.7, and 1.8 to
1.11).

Northbound on Airport Boulevard, exit
onto Manor Road eastbound to the airport
(sign numbers 5.1, 5.2, and 1.8 to 1.11).
Westbound on Manor Road to the airport
(sign number 6.1).

Eastbound on Martin Luther King Boule-
vard, exit to Pershing Drive northbound
to the airport (sign number 7.1).

Figure 4.1 represents the signs and routes at the be-
ginning of this study. Southbound IH-35 traffic was di-
rected by Airport Boulevard signs (sign numbers 3.1 to
3.3 in Fig 4.1). This was confusing to some drivers who
were unaware that the airport resides next to Manor Road
and not Airport Boulevard. A second, but more impor-
tant, problem was the northbound TH-35 route to the air-
port (sign numbers 1.1 to 1.11 in Fig 3.1). This route di-
rected airport traffic to the lower level of ITH-35. The exit
to Manor Road required motorists to cross three lanes of
traffic in a space of 250 feet, potentially a very dangerous
maneuver (sign numbers 1.3 to 1.4).

Each of these situations has been corrected by the
SDHPT. Additional trailblazer signs, in the form of air-
plane symbols, have been installed at numerous locations
on IH-35. The signs directing airport traffic to Manor

Route 2:

Route 3:

Route 4:

Route 5:

Route 6:

Route 7:

*The new prescribed route for the lower level of IH-
35 directs traffic to the Airport Boulevard exit and then
continues as Route 4 as shown above.
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Road (sign numbers 1.1 and 1.3) have been eliminated,
although the trailblazer signs (numbers 1.4 10 1.11) still
stand.

SAN ANTONIO INTERNATIONAL AIRPORT

San Antonio International Airport has trailblazer
signs from the major highways around the airport, Inter-
state Highway Loop 410 (IH-410) and U.S. Highway 281
(US 281). Five major routes exist, with two variations,
for travel to the airport. They are described below and il-
lustrated in Fig 4.2A for central San Antonio and in Fig
4.2B for north San Antonio, where the airport is located.

Route 1A:  Exiting the central business district on US
281 northbound, exit onto Airport Boule-
vard northbound, which leads to the Air-
port Terminal (sign numbers 1.1 to 1.8).
US 281 northbound, exit onto Terminal
Drive, which leads to the Airport Termi-
nal (sign numbers 1.1 to 1.5,and 1.9 to
1.12).

Southbound on US 281 (north of the
airport), exit onto Terminal Drive (sign
numbers 2.1 to 2.4).

Southbound on access road adjacent to
US 281, exit onto Terminal Drive (sign
numbers 2.5 and 2.4).

Westbound on Loop IH-410, exit onto
Airport Boulevard northbound, which
leads to the airport (sign numbers 3.1 to
3.5, 1.7, and 1.8).

Eastbound on Loop TH-410, exit onfo Air-
port Boulevard northbound, which leads
to the airport (sign numbers 4.1 to 4.5,
1.7, and 1.8).

Arterial streets, San Pedro Avenue and
McCullough Avenue, northbound and en-
ter access road adjacent to IH-410
eastbound until route 4 is reached (sign
numbers 5.1 or 5.2, 4.5, 1.7, and 1.8).

Route 1B:

Route 2A:

Route 2B:

Route 3:

Route 4:

Group 5:

Similar to those in Austin, Airport Boulevard signs

are used as signing for the San Antonio airport (sign
numbers 1.4, 1.5, 4.1, and 4.2). Since the airport termi-
nal in San Antonio is really off Airport Boulevard, it is
not a major problem. However, as a matter of procedure,
signing to Airport Boulevard should be avoided.

WILLIAM F. HOBBY AIRPORT, HOUSTON

William P. Hobby Airport is located in the southeast
portion of the Houston metropolitan area, close to the in-
terchange of Interstate Highways 45 (IH-45) and Loop
610 (TH-610). Most of the signs are located close to the
airport. Six major routes leading to William P. Hobby
Airport are described below and illustrated in Fig 4.3.
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Fig 4.2A. Map 1 for San Antonio International

Route 1:

Route 2A:

Route 2B:

Airport signs.

Northbound on IH-45, exit onto Airport
Boulevard.westbound, which leads to the
airport terminal (sign numbers 1.1 to 1.5).
Eastbound on south part of loop IH-610,
exit onto IH-45 southbound, exit onto
Broadway Boulevard southbound, which
leads to the airport terminal (sign num-
bers 2.1 to 2.10).

‘Westbound on south part of loop IH-610,
exit onto TH-45 southbound, exit onto
Broadway Boulevard southbeund, which
leads to the airport terminal (sign num-
bers 2.11 and 2.5 10 2.10).
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Route 3A: Eastbound on south part of loop IH-610,
exit onto [H-45 southbound, exit onto Air-
port Boulevard westbound (sign numbers
2.1t02.4,3.11t03.4 and 1.5).
Westbound on south part of loop IH-610,
exit onto IH-45 southbound, exit onto Air-
port Boulevard westbound (sign numbers
2.11, 3.1t0 3.4 and 1.5).
Southbound on Telephone Road, exit onto
Airport Boulevard eastbound, which leads
to the airport entrance (sign numbers 4.1
to 4.3).
Northbound on Telephone Road, exit onto
Airport Boulevard eastbound, which leads
to the airport entrance (sign number 4.4).
Other minor routes:
(1) Eastbound on Fauna, which leads into
Airport Boulevard eastbound, which leads
to the airport entrance (sign number 5.1).
(2) Northbound on Monroe, enter Airport
Boulevard westbound, which leads to the
airport entrance (sign number 5.2).

IH-45 and Loop IH-610 are the only state system
highways with airport trailblazer signs. There are no
trailblazer signs on U. S. Highway 59 (US 59), Interstate
Highway 10 (IH-10), or TH-45 south of Hobby Airport.
Trailblazer signs on southbound IH-45 first appear after
the motorist negotiates the Loop IH-610 interchange.
There are no trailblazer signs leading from any of
Houston'’s central business districts to Hobby Airport.

HOUSTON INTERCONTINENTAL AIRPORT

Houston Intercontinental Airport may be one of the
best signed of those airports checked. All major roads
close to the airport have adequate trailblazer signs. There
are even guide signs beyond the central business district,
although the airport is far north of that area. These signs
are located on US 59 northbound (sign numbers 1.1 and
1.2 in Fig 4.4). None of the other airports studied had
guide signs at locations beyond major activity centers.
The major routes for Houston Intercontinental Airport are
described below and illustrated in Fig 4.4.

Route 1:  Northbound on US 59 (start south of
downtown), stay on US 59 until entering
Will Clayton Road, go westbound, which
leads to the east entrance to the Airport
(sign numbers 1.1 to 1.10).

Southbound on US 59, exit to Will
Clayton Road westbound, which leads to
the east entrance to the Airport

(sign numbers 2.1 t0 2.3, 1.9, and 1.10).
Northbound on IH-45/U. S. Highway 75
(US 75), exit onto North Belt Drive
eastbound, which leads to the south en-
trance (Kennedy Boulevard)

Route 3B:

Route 4A:

Route 4B:

Group 5:

Route 2 :

Route 3A :

(sign numbers 1.1 to 1.11).

Northbound on access to ITH-45/US 75,
exit onto access to North Belt Drive
eastbound, which leads to the south en-
trance (Kennedy Boulevard) (sign num-
bers 3.9 to 3.11 and 3.3 to 3.8).
Southbound on IH-45/US 75, exit onto
North Belt Drive eastbound, which leads
to the south entrance (Kennedy Boule-
vard) (sign numbers 4.1 to 4.3 and 3.3
to 3.8).

Eastbound on North Belt Drive and exit
onto Kennedy Boulevard northbound
(south entrance to the airport) (sign num-
bers 5.1 and 5.2).

It should be mentioned that signing inside the termi-
nal area was difficult to follow and understand. First, the
distances between the signs were too short, which re-
sulted in inadequate reading time; second, there was too
much information, making it difficult to read and follow.
These signs are outside the domain of the SDHPT, al-
though many survey respondents who had difficulty with
internal airport signing did not recognize this fact.

Route 3B :

Route 4 :

Route 5 :

DALLAS LOVE FIELD AIRPORT

Undoubtedly, Dallas Love Field airport is the most
difficult airport to locate for a motorist unfamiliar with
the area. There is satisfactory signing close to the airport,
but more signs could be provided at key points on the
roadway network farther away from the airport. Basi-
cally, there are four major routes leading to Love Field
Airport. These are outlined below and illustrated in Fig
45.

Route 1: Northbound on IH-35 East, exit onto
Mockingbird Lane eastbound, which
leads to the airport entrance (sign num-
bers 1.1 to 1.8).

Southbound on IH-35 East, exit onto
Mockingbird Lane eastbound, which
leads to the airport entrance (sign num-
bers 2.1,2.2, and 1.3 to 1.8).

Southbound on State Highway 183 (SH
183 or John W. Carpenter Frwy), exit
onto Mockingbird Lane eastbound, which
leads to the airport entrance (sign num-
bers 2.3 and 1.3 to 1.8).

Northbound on Harry Hines Boulevard,
exit onto Mockingbird Lane eastbound,
which leads to the airport entrance (sign
numbers 3.1 and 1.5 to 1.8).

Southbound on Harry Hines Boulevard,
exit onto Mockingbird Lane eastbound,
which leads to the airport entrance (sign
numbers 3.2 and 1.5 to 1.8).

Route 2A:

Route 2B:

Route 3A:

Route 3B:
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Route 4A:  Northbound on Dallas North Tollway, exit
onto Mockingbird Lane westbound,
which leads to the airport entrance (sign
numbers 4.1 to 4.5 and 1.8).

Route 4B:  Southbound on Dallas North Tollway, exit

onto Mockingbird Lane westbound,
which leads to the airport entrance (sign
numbers 4.6, 4.7, 4.3 10 4.5, and 1.8).

Still, there is sufficient signing at the decision points
on the routes that are currently signed (see Fig 4.5). The
highways closest to Love Field are well signed. From,
for example, IH-35E and Dallas North Tollway, the sign-
ing is adequate, but these are the only highways with air-
port signs. These signs are adequate for motorists with a
map, or with a general idea of where Love Field is lo-
cated.

DALLAS-FORT WORTH REGIONAL AIRPORT

The size of the Dallas-Fort Worth Regional Airport
requires a very large signing area, because of its location
between two metropolitan areas and in the general vicin-
ity of over 100 governmental jurisdictions. No other
trailblazing system studied in this research covered such
a large area. This airport had on average more than twice
as many airport trailblazer signs as any of the five other
airports studied. Trailblazer signs from Dallas and east-
ward areas are shown in Fig 4.6A and include routes 1,
2A, 2B, 3, and 4. Trailblazer signs for Fort Worth and
westward areas involve routes 5 through 7 and are illus-
trated in Fig 4.6B.

Route 1: Northbound on IH-35 East, exit onto Car-
penter Freeway (SH 183), exit onto Air-
port Freeway westbound, which leads to
the south entrance of the Airport (sign
numbers 1.1 to 1.15).

Northbound on IH-35 East, exit onto Car-
penter Freeway (SH 183), enter SH 114
northbound, which merges with North-
west Highway and leads to the north en-
trance (sign numbers 1.1 to 1.6 and 2.1 to
2.7.

Northbound on access road adjacent to
State Highway 114 (SH-114) northbound
(sign numbers 2.8 to 2.10).

Southbound on IH-35 East, exit onto
State Highway 121 (SH-121) southbound,
which leads to the north entrance (sign
numbers 3.1 to 3.10 and 2.7).
Northbound on Lemmon Street (appar-
ently for users from Dallas Love Field),
enter Northwest Highway westbound,
which goes all the way to the north en-
trance (sign numbers 4.1, 4.2, and 2.2 to
2.7).

Route 2A:

Route 2B:

Route 3:

Route 4:
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Route SA: Northbound on Airport Freeway (from
downtown Fort Worth), which goes all the
way to the south entrance. Airport Free-
way merges temporarily with east part of
Interstate Highway Loop 820 (IH-820)
(sign numbers 5.1 to 5.12 and 1.12 to
1.15).

Eastbound on north part of Loop IH-820,
exit onto Airport Freeway eastbound,
which leads to the south entrance (sign
numbers 5.13 to 5.16, 5.7 to 5.12, and
1.12 to 1.15).

Northbound on SH 121 to north entrance
(sign numbers 6.1 to 6.7 and 2.7).
Eastbound on Interstate Highway 30 (IH-
30), exit northbound on State Highway
360 (SH-360), enter Airport Freeway
eastbound, which leads to the south en-
trance (sign numbers 7.1 to 7.7, 5.12, and
1.12 to 1.15).

Most of the highways in the Dallas and the Fort
Worth regions had trailblazer signs, with one major ex-
ception, IH-30 between the two cities. From Dallas there
are no signs on IH-30, and from Fort Worth there is only
one sign (7.1 in Fig 4.6A), immediately before the exit to
SH 360 in Arlington.

There were few airport trailblazer signs inside of
Loop IH-820 in Fort Worth, and no trailblazer signs at the
major interchange between IH-35W and IH-30 (the
“mixmaster”). The only highway in Fort Worth where
airport signs provide guidance all the way to the airport is
SH 121 (Airport Freeway). The Dallas downtown streets
are not signed, except for the sign on Elm Street
southbound in downtown Dallas at the access to IH-35.

Route 5B:

Route 6:

Route 7:

TYPES OF AIRPORT SIGNS

The types of highway signs used for airport
trailblazing range from textual signs on and off the state
highway system to symbol signs on and off the system to
textual guide signs for airport boulevards. The sign types
for each of the numbered signs in the previous figures are
categorized for each of the airports in Tables 4.1 through
4.6. Typical “text highway” signs are illustrated in Figs
4.7 and 4.8. Overall, these represent the largest number
of highway trailblazer signs. Only Houston Hobby
Airport uses more symbol signs than text signs on
highways. “Symbol highway” signs are illustrated in
Figs 4.9 and 4.10. (The new type of symbol sign used on
the highway system in Austin, not listed in Table 4.1, is
shown in Fig 4.11.) Several types of “text local road”
signs are shown in Fig 4.12. Nearly all local road
trailblazer signs use this form. “Symbol local road” signs
are similar to the illustrations in Fig 4.10 and are found in
a couple of locations near Houston Hobby and two
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TABLE 4.1 CATEGORIZATION OF AUSTIN’S
MUELLER AIRPORT TRAILBLAZER SIGNS

Sign
Number

Text Text Local Symbol Symbol Airport
Highway Roads Highway  Local Road Blvd Other

1.1
1.2
13
14
1.5
1.6
1.7
1.8
1.9
1.10
1.11
21
3.1
32
33
34
3.5
3.6
31
4.1
5.1
5.2
6.1
7.1
All (24)

X

X
X
X

P pd D4 >4 4 4

4 4

P R

o oM

4 13 2 0 4

TABLE 4.2 CATEGORIZATION OF DALLAS
LOVE FIELD TRAILBLAZER SIGNS

Sign
Number

Text Text Local Symbol Symbol Airport
Highway Roads Highway  Local Road Blvd Other

1.1
12
13
14
15
1.6
1.7
1.8
2.1
22
23
3.1
32
4.1
42
43
44
45
4.6
4.7
All (20)

X
X

M
P4

>4 4

faRkalle

10 0 0 0 1

O < M4




TABLE 43 CATEGORIZATION OF DFW REGIONAL AIRPORT
TRAILBLAZER SIGNS

Sign Text Text Local Symbol Symbol Airport
Number  Highway Roads Highway  Local Road Blvd Other

1.1 X
12
13
14
1.5
1.6
1.7
1.8
19
110
1.11
1.12
1.13
1.14
1.15
2.1
22
23
24
2.5
2.6
2.7
2.8
2.9
2.10
3.1
32
3.3
34
3.5
3.6
3.7
38
3.9
3.10

Pd P4 D D4 D4 pd DA R e P b D P4 P DA DK D B
tal et

o it

P4 PE P4 P

33
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TABLE 4.3 (CONTINUED) CATEGORIZATION OF DFW REGIONAL
ATRPORT TRAILBLAZER SIGNS

Sign Text Text Local Symbol Symbol Airport
Number  Highway Roads Highway  Local Road Blvd Other

4.1 X
42
5.1
52
53
54
55
56
57
58
59
5.10
5.11
5.12
5.13
5.14
5.15
5.16
6.1
62
63
6.4
65
6.6
6.7
7.1
72
73
74
15
76
17

All (67)

D4 D DA DD D DA DA DA D DA D DDA DA DA DA DY DA DE D DDA D D DA




TABLE 4.4 CATEGORIZATION OF HOUSTON HOBBY ATRPORT
TRAILBLAZER SIGNS

Sign Text Text Local Symbol Symbol Airport

Number  Highway Roads Highway Local Road Blvd Other
1.1 X
12 X
13 X
14 X
15 X
2.1 X
22
23
24
25 X
2.6
27
2.8
29
2.10
2.11 X
3.1 X
3.2 X
33 X
4.1 X
42
43
44
5.1

All (24) 2

ST

o M

O b pd

35
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TABLE 4.5 CATEGORIZATION OF HOUSTON INTERCONTINENTAL
AIRPORT TRAILBLAZER SIGNS

Sign Text Text Local Symbol Symbol Airport
Number Highway Roads Highway  Local Road Blvd Other

1.1 X X
12 X
13
14
1.5
1.6
1.7
1.8
1.9
1.10
2.1
22
23
3.1
32
33
34
3.5
3.6
37
3.8
3.9
3.10
3.11
4.1
42
43
5.1
52
All (29)

X
X

4

ELTE i

> >

g e i e e S ]
>




TABLE 4.6 CATEGORIZATION OF SAN ANTONIO INTERNATIONAL
TRAILBLAZER SIGNS

Sign Text Text Local Symbol Symbol Airport
Number  Highway Roads Highway  Local Road Blvd Other

1.1 X X
12 X
13 X X
14 X
1.5
1.6 X
1.7 X
1.8 X
19
1.10
1.11
1.12
2.1
22
23
2.4
2.5
3.1
32
33
34
35
4.1
42
43
44
45
5.1
52
All (29)

Ko ] M

>

QX MM M
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locations near Austin Mueller as part of the terminal
parking signs.

AIRPORT USER SURVEYS

Following the inventory of airport trailblazer signs, a
survey of airline passengers was conducted to evaluate
the adequacy of the trailblazer signs. Surveys were con-
ducted at Austin Mueller Airport, San Antonio Interna-
tional Airport, DFW Regional Airport, and Houston Inter-
continental Airport. There were a total of 8§91
respondents. A summary of the surveys and responses is
shown in Appendix C. The surveys were designed to
identify the respondents’ experience with the airport
(questions 1 and 2), the type of transportation used to the
airport (question 3), directional assistance information
(question 4), problems with locating the airport (ques-
tions 5 and 6), and the respondents sex (question 7). The
surveys were completed in two phases. The surveys in
the first phase, completed in July and August 1989, were
directed at all airline passengers. Nearly 100 passengers
from each airport were surveyed. Following completion
of this survey, it was determined that the rental car cus-
tomer should be targeted as a survey respondent. (The
phase one surveys generated only 34 responses from per-
sons arriving at the airport by rental car.) This group of
motorists is most likely to be unfamiliar with the sur-
rounding area. All surveys conducted in the second
phase, completed in July, August, and September 1990,
were directed at rental car customers. Total responses for
each of the phases are summarized in Table 4.7.
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Fig 4.13. Residence of survey respondents.

TABLE 4.7 SUMMARY OF AIRPORT
SURVEY RESPONSES
Phase I Phase IT
Airport Surveys  Surveys Total
Austin 100 118 218
Dallas/Ft. Worth 100 131 231
Houston Intercont 101 109 210
San Antonio 99 133 232
All Airports 400 491 891

TABLE 4.8 SURVEY PARTICIPANTS’
FREQUENCY TO THE AIRPORTS
(PERCENTAGE)

First Less than More than
Alrport Time 5 Times 5 Times
Austin 13.8 183 67.9
Dallas/Ft. Worth 8.6 142 77.2
Houston Intercont 10.5 18.1 714
San Antonio 173 18.6 64.1
All Airports 12.6 173 70.1

As shown in Fig 4.13, the permanent residences of
the the respondents were fairly evenly distributed be-
tween Texas residents (45 percent) and non-Texas resi-
dents (55 percent), including the 5 percent foreign resi-
dents.

As illustrated in Table 4.8, most of the survey re-
spondents have been to the airports more than five times
(70 percent), about 17 percent more than once but less
than five times, and 13 percent for the first time.

The combined survey results for type of transporta-
tion used to arrive at the airport are biased to include a
greater number of rental car customers. Consequently,

they account for about 59 percent of the total survey re-
sponses (see Fig 4.14). The plane response represents
airline passengers who were awaiting transfer flights and
the airport where they were surveyed was not their in-
tended destination. The other category includes persons
arriving by bus, courtesy van, taxi, or limousine, for the
most part.

Considering only the responses from the phase one
surveys produces the distribution shown in Fig 4.15.

Similar to the type of transportation used in the
previous question, finding the location of the airport is
also biased by rental car responses. Despite this bias,
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individuals responsible for getting themselves to the
airport generally were already familiar with its location.
As indicated in Fig 4.16, about 44 percent of the
respondents were familiar with the location of the airport.
Nearly 22 percent required the use of a map or of written
or oral directions. Thirty-four percent depended entirely
on road signs. In practice, all respondents used road
signs to assist them in finding the airport. Persons
familiar with the airport still used airport signs as a
reference point.

Excluding persons who were on transfer flights and
had no prior experience with the airport, most respon-
dents (97 percent) reported no difficulty finding the air-
port. As shown in Table 4.9, respondents had the least
difficulty with DFW Regional Airport and the most diffi-
culty with the Austin Mueller Airport.

TABLE 4.9 PERCENT OF
RESPONDENTS HAVING
DIFFICULTY LOCATING THE
AIRPORT

Airport Yes No

Austin 5.0 95.0
Dallas/Ft. Worth 1.1 98.9
Houston Intercont 49 95.1
San Antonio 19 98.1
All Airports 32 968

Interestingly, while only 3 percent of the respondents
had problems locating the airport, slightly more than 12
percent rated the airport trailblazer signs as poor. Re-
spondents’ ratings for the airports are shown in Table
4.10. In a manner similar to that in the previous table,
DFW Regional Airport received the best ratings (66.5
percent excellent and only 3.8 percent poor). Austin, on
the other hand, received the lowest marks (only 14.5 per-
cent excellent and 17.5 percent poor).

TABLE 4.1. RATING OF GUIDE SIGNS FOR
AIRPORTS (PERCENTAGE)

Airport Poor Adequate Excellent
Austin 17.5 68.0 145
Dallas/Ft. Worth 3.8 29.7 66.5
Houston Intercont 17.0 60.2 22.8
San Antonio 113 53.8 349
All Airports 12.3 523 355

The same percentage of Texas and non-Texas resi-
dents rated the trailblazing sign system poor, as shown in
Table 4.11. Non-Texas residents, however, gave higher
marks for airport trailblazing than Texas residents.
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TABLE 4.11 PERCENTAGE
RATING OF GUIDE SIGNS BY
RESIDENCY

Texas Non-Texas
Rating Residents Residents
Poor 12.1 12.1
Adequate 59.1 46.8
Excellent 28.8 41.1

With respect to infrequent users of the airport, over-
all there was a slight increase in the poor rating and a
slight decrease in the excellent rating, as shown in Table
4.12. This was generally true for all of the airports.

TABLE 4.12 RATING OF SIGNS FOR
INFREQUENT AIRPORT VISITORS
(PERCENTAGE)

Airport Poor  Adequate  Excellent
Austin 169 67.8 153
Dallas/Ft. Worth 9.1 24.2 66.7
Houston Intercont 244 56.1 19.5
San Antonio 13.8 539 323
All Airports 16.2 535 303

Respondents who had difficulty locating the airport
were asked to describe the problem they encountered. (A
number of persons who had no problem finding the air-
port still volunteered information about problems they
believed motorists unfamiliar with the area would have in
locating the airport.) Specific comments included the fol-
lowing:

» There are not enough signs, need earlier advance
signs, more signs further away from the airport,
and more signs in central business districts;

« Signs are too small; and

= Signs are confusing and misleading. Additionally,
a number of complaints were received concerning
the signing with the airport facility.

A lack of signs in Austin was cited by respondents
for some specific areas including northbound traffic on
Highway 183, northbound Airport Boulevard prior to
Manor Road, and further away from the airport on
southbound IH-35. With respect to DFW Regional
Airport, some respondents indicated too few signs on IH-
635, Highway 183 from Fort Worth, IH-30 leading to
state highway 360, and from downtown locations. In
Houston, complaints were made about a lack of signs on
FM 1960, US 59 to Beltway 8, interchanges of IH-610
and US 59, and the downtown area. Finally, some
respondents indicated a need for more signs on
westbound Loop IH410 in San Antonio, IH-10, the
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IH-410 and IH-10 interchange, and on highway 281
northbound. Several respondents complained about the
size of the signs, particularly off the state highway
system. Additionally, concern was expressed about
inadequate signing near construction areas.

The confusion or misleading information responses
related to signing for airports and airport boulevards.
Many respondents believe that airport boulevard signs are
trailblazers, when in some instances they are not. Route
1A in San Antonio (Figs 4.2A and 4.2B), for example,
begins its signing for the “Intl Airport” (sign numbers 1.1
to 1.3), but at signs number 1.4 and 1.5 there are signs
for “Airport Blvd.” Many of the respondents indicated
they did not know whether this was the proper exit. For-
tunately, this confusion should not prevent a person from
finding the airport. If persons exit at Airport Boulevard,
sign number 1.6 provides them with a directional sign to
the airport. If they do not exit on Airport Boulevard, they
encounter an airport trailblazer sign just prior to the IH-
410 interchange giving direction to the airport. Prior to
the recent changes in Austin, southbound IH-35 traffic
was directed to Airport Boulevard, only. Northbound IH-
35 traffic created similar problems. Sign number 1.1 for
“Municipal Airport” directs traffic to the middle lane that
leads to the lower level. Sign number 1.2, however, is
for “Airport Blvd” and directs traffic to the upper level.
Sign 1.3, on the lower level, again signs for “Municipal
Airport.” Similar to the situation in San Antonio, selec-
tion of either route will lead the motorist to other signs
leading to the airport. Generally, the confusion experi-
enced by the motorist is only temporary but evidently
frustrating. The situation is similar for some routes at
Houston Hobby Airport.

FINDINGS AND RECOMMENDATIONS

TRAILBLAZING AT MAJOR AND INTERSTATE

HIGHWAYS

Overall, signing on the highways for all the airports
surveyed was adequate, particularly when in close prox-
imity to the airports. Additional signing, however, is
needed at major interchanges farther away from the air-
ports. It is hard to create general recommended practices
or guidelines for providing airport signs on highways.
Judgement must be used to determine which interchanges
should be furnished with airport signs. However, if there
is a loop around the city the airport is within, the loop
should be especially well signed, particularly at major in-
terchanges. An example is Loop IH-410 in San Antonio.
This loop has proper signing close to the airport but
needs airport signs at interchanges farther away, such as
at interchanges with IH-35 and with IH-10, as noted pre-
viously.

AIRPORT SIGNING ON LOCAL ROADS

In general, the major local roads close to the airport
are usually signed as a part of the route from the highway
to the airport. Local motorists sometimes prefer to use
local roads to the airport, since they often are the shortest
route to the airport—for example, Harry Hines Boulevard
to Love Field (Dallas), and Red River Street combined
with Martin Luther King, Jr., Boulevard to Robert
Mueller Municipal Airport (Austin).

The trailblazer signs on the local roads are more dif-
ficult to observe, principally because of the multitude of
other advertising signs. There are some examples of the
signs being too small or in an obscure location. Local
trailblazer signs need to be in a prominent location, easily
visible to a motorist unfamiliar with the area.

AIRPORT SIGNING AT STREETS IN CENTRAL
BUSINESS DISTRICTS

A further study of the signing in central business dis-
tricts (CDBs) may be useful. Data from the surveys indi-
cate a need for better signing from downtown areas. An
origination and destination study would provide more ac-
curate details for downtown trailblazing.

An efficient system of trailblazers from the CDB be-
gins with careful identification of boundary streets based
on origination and destination data. These boundary
streets, plus a few other major streets, would be the only
streets in the central business district with airport trail-
blazer signs. These streets should be selected in such a
way that, whichever direction a motorist goes from the
downtown area, he/she would cross or intersect one of
the chosen signed streets. The basis for such a system is
that a motorist should see an airport sign at least once on
his/her way out of the downtown area. Once a sign for
an airport appears, there should be continuous signing
along the selected route, including every major decision
point and some key locations for confirmation signs until
the motorist has reached the airport terminal area. It is
usually enough to direct traffic into one or two signed
routes from the central business district to an airport. Us-
ing such a methodology for Austin would result in the
following boundary designations:

(1) North/south streets—

(@  Congress — Direct users into 1st or 11th
Street and then IH-35 (two directional),

(b)  Guadalupe — Direct users into 1st Street and
then IH-35 (south direction),

(c) Lavaca — Direct users into 11th Street and
then IH-35 (north direction),

(d) Red River - Direct onto 5th or 11th Street
and then IH-35 (north and some south direc-
tions);



(2) East/west streets—

(a) 1st Street — Direct traffic onto IH-35 north-
bound (east direction),

®) 11th Street — Direct traffic onto IH-35
northbound (east direction),

(©) Martin Luther King Boulevard (MLK) — Di-
rect wraffic eastbound, enter Pershing Drive
northbound (two-directional); and

(3) Other Airport Signs—

(a) At 5th Street and Red River, direct users
onto the airport route on IH-35 northbound,

(®) At 12th Street and Lavaca, direct users in
northern CBD onto the airport route on
MLK eastbound, and

(c) At 15th Street and Congress, direct users in
northern CBD onto airport route on MLK
eastbound.

AIRPORT SIGNING SYMBOLS

A more extensive use of symbolic language to con-
vey airport routing directional information to roadway us-
ers is highly recommended. The most commonly used
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symbol for airport signs is a silhouette of an airplane.
Usually an arrow underneath this icon is used to indicate
the direction of the route. It seems that people easily un-
derstand and react to these airport signs. Many cities
have successfully used these types of signs for their air-
ports. There is a problem, however, when there is more
than one airport in the district; but a smaller, supplemen-
tal sign with letters identifying the specific airport should
eliminate that confusion. In Houston, abbreviations for
the airport name are used to distinguish the use of silhou-
ette signs for Hobby from those for Houston Interconti-
nental Airport.

Another problem with the use of silhouette signs is
that drivers frequently interpret the airplane symbol as a
directional arrow. This is one of the problems tested in
the user perception surveys and was discussed in the pre-
vious chapter (sec Figs 3.9A and 3.9B).



CHAPTER 5. CONCLUSION

RECOMMENDATIONS

Generally, roadway signing in Texas is considered
adequate. Surveys from visitors’ information booths
commented on how well Texas is signed. The number of
problem signs, as a percentage of total signs, is small;
however, given that an improperly signed exit or destina-
tion could have serious consequences, it is useful and
necessary to monitor potential signing problems.

The use of road maps could greatly reduce potential
signing problems. A road map, either local or interstate,
could prepare the highway user for what to expect ahead
and give him or her more flexibility in finding the neces-
sary road information. Unfortunately, many roadway us-
ers do not work with maps; but for those who do use
maps, it is important to coordinate the information on
maps with that shown on signs.

Whether or not roadway users employ maps, it is
evident that there are parts of the existing signing system
that are confusing and could be improved. Improved
signing would result from consistency in the type of ar-
rows used in lane assignment; i.e., the number of arrows
should equal the number of lanes. Another important fac-
tor is guide signs placed in advance of all exits and lane
splits.

The design of a roadway sign should be given care-
ful study. The signing system introduced in Chapter 2,
based on a hierarchy of information, should be consid-
ered. Each level in this hierarchy could have a unique
style and color code to provide instant recognition of
type. With this kind of system, it is easier for drivers to
distinguish between signs for distant and local destina-
tions. The amount of information the roadway user must
respond to would decrease if he or she could easily focus
on signs, for example, of a distant location. Related to
this, consideration should be given to reductions in con-
current routing. Additional research is needed in this
area.

Many of the signing types tested in the surveys
should be considered when evaluating options for a spe-
cific location. When the geometry is complex and other
information is minimal, diagrammatic signs are a good
choice in advance of an optional exit lane or an exit lane
that splits. When too much information is to be con-
veyed, the diagrammatic sign loses its informational
strength by confusing the roadway user. The research in-
dicates that signs with pointed arrows tilting upward are
favored at locations where a lane split occurs, whether it
is an optional through lane or a lane on an exit ramp.
This type of sign produced favorable results in the survey
and received favorable comments from persons complet-
ing and discussing the surveys.
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The study of trailblazer signs for airports indicates
that while signing is adequate on highways in close prox-
imity to the airports, signing at major highway inter-
changes farther away from the airport needs improve-
ment. The solution to this problem, again, could be
enhanced by the use of a map. More extensive use of air-
plane symbol signs for airport trailblazers is recom-
mended.

FUTURE RESEARCH

The major objectives of this study were to (1) ana-
lyze the roadway user’s understanding of existing signing
on Texas highways and provide recommendations for im-
proving signing problems and (2) study airport
trailblazing for selected metropolitan areas and recom-
mend procedures for improvement, if necessary. Al-
though the study focuses on signing problems, it is im-
portant to note that most highway users have few
problems with Texas highway signing. The commitment
to investigate problems, in light of relatively few com-
plaints, is indicative of the Texas State Department of
Highways and Public Transportation’s commitment to the
best possible highway signing system.

The broad subject of roadway-user information and
the infinite number of specific signing problems create a
broad range for future studies. Additional research—
from further user perception analysis of existing signs to
studies of the systematical approach to the signing system
presented in Chapter 2—may provide important informa-
tion and is warranted.

A study of the basic signing system would be useful
for comparing various guide signing types. The signing
system with a hierarchy of information could yield inter-
esting results if it were investigated. Important contribu-
tions for a signing system in the U.S. could be obtained
from an analysis, for example, of highway signing in
West Germany. European signing was internationalized
by the 1968 “International Convention on Signing and
Road Marking” in Vienna, Austria. The hierarchical
signing system has been implemented and studied in sev-
eral countries. An analysis of this system may provide
information on the strength of, as well as improvements
that can be made on, the signing in Texas.

Additional information on road map utilization or fu-
ture in-vehicle guidance systems may be especially valu-
able. Research should address basic questions, such as:
Are maps frequently used? Can utilization of maps or in-
vehicle guidance systems reduce confusion at complex
interchanges? Do maps convey accurate and updated in-
formation? These are important questions to address in
future research.



A detailed analysis of the relationship between acci-
dent data and signing problems is warranted. Recent
studies already indicate a link between improper signing
and highway fatalities. Is it possible that special signing,
such as warning signs at locations with high accident fre-
quencies, may reduce the frequency and severity of acci-
dents at specific locations? This is an important area
worthy of further research.
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Finally, research info concurrent routing may be pro-
ductive. Much of the information overload associated
with complex interchanges is a product of concurrent
routing. Eliminating or reducing concurrent routes may
be the most cost-effective method for improving roadway
information systems.
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APPENDIX A.1. DIRECTORY OF POTENTIAL SIGNING PROBLEM
LOCATIONS IN FORT WORTH

Citizen Survey Input

L N S N e R R N e T T e B e B e e e e R S e e I I N SN S N IR IS TS .Y

IDENTIFIED PROBLEM LOCATIONS IN DISTRICT 2 (FT.WORTH)

vAviviviv)

SDHPT Input

LOCATION

IH-35W NB to US-287 NB
IH-35W SB to IH-30 EB
US-287(Cont) SB (@ IH-35W split)
IH-35W NB to IH-20 WB /(IH-820)
IH-35W NB to IH-30 EB

IH-30 EB to IH-820 NB (EL)
IH-20 EB to IH-35 W NB

IH-20 EB to IH-820 (SL) EB
IH-20 EB to SH-183 NB

IH-20 WB to IH-35 W NB

IH-20 WB to IH-820 (EL) NB
IH-20 WB to SH-183

IH-30 EB to Camp Bowie NB
IH-30 WB to University

IH-30 WB to IH-35W NB

IH-30 WB to Lamar Blvd.

IH-30 WB to Mix-master WB
IH-30 WB to University

IH-30 (Cont) EB @ IH-35W
IH-30 (Cont) WB@ IH-35W
IH-35W NB to IH-820 (NL) EB
IH-35W SB to Berry Street
IH-35W SB to IH-30 WB

IH-35 W SB to IH-820 (NL) EB
IH-35W SB to IH-820 (NL) WB
IH-35W SB to IH-820 (SL) WB
IH-35W (Cont) SB @ IH-30
IH-35W (Cont) SB @ IH-820 (NL)

TH-820 (EL) NB to SH-26 EB

IH-820 (EL) SB to IH-30 WB
IH-820 (NL) EB to IH-820 (EL) NB
SH-121 SB to IH-35W SB

US-287 (Cont) SB @ IH-30
University SB to IH-30 EB

IH-20 EB to SH-157 SB

IH-35W NB to IH-820 (NL) WB
IH-35W NB to IH-30 WB

IH-35W NB to SH-121

IH-35W SB to SH-121



APPENDIX A.2. DIRECTORY OF POTENTIAL SIGNING PROBLEM
LOCATIONS IN SAN ANTONIO

IDENTIFIED PROBLEM LOCATIONS IN DISTRICT 15 (SAN ANTONIO)

Citizen Survey Input

Ll e il el el S E SR S E S S SESE SN SNSRI Y PN |

SDHPT Input

LOCATION

IH-10 (Cont) WB @ US-90 WB
IH-35 SB to IH-410 (NL) WB
IH-10 EB to IH-37 SB

IH-37 NB to IH-410 (SL) EB
Downtown to IH-10

IH-10 WB to IH-35 SB

IH-10 WB to UH-410 (EL) NB
IH-10 (C ont) WB @ IH-35 NB
IH-35 SB to IH-37 SB

IH-37 NB to IH-10 WB

IH-37 NB to IH-410 (EL) NB
IH-410 (EL) NB to IH-35 NB
US-281 NB to IH-410 (NL) WB
US-90 EB to IH-35 NB
Downtown to IH-10 EB
FM-151 WB to Sea World
FM-471 WB to Loop 1604 NB
IH-10 WB to IH-35 NB

IH-10 WB to IH-35/37 NB
IH-10 WB to IH-37 SB

IH-10 WB to IH-410 (EL) SB
IH-10 WB to IH-410 (NL) WB
IH-10 WB to US-90 WB

IH-10 WB to Wurzbach Rd.
IH-10 (Cont) EB @ IH-35 SB
IH-10 (Cont) EB @ US-90 EB
IH-10 (Cont) WB @ IH-35 SB
IH-10 (Cont) WB @ IH-35/US-90
IH-10 (Cont) WB @ Loop 536
IH-35 NB to Commerce

IH-35 NB to IH-410 (SL) EB
IH-35 NB to US-87/IH-10 NB
IH-35 SB to IH-10 EB

IH-35 SB to Loop 1604 WB
IH-35 SB to US-90 WB

IH-35 NB (Cont) WB @ IH-37 SB
IH-35/410 SB to IH-410 (EL) SB
IH-37 NB to IH-35 NB

IH-37 NB to Old Austin Rd.
IH-37 NB to Sab Pedro

IH-37 SB to IH-410 (SL) EB
IH-410 NB to Wurzbach Rd.
IH-410 WB to Sea World
IH-410 (EL) NB to IH-410 (NL) WB
IH-410 (EL) SB to IH-37 SB
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p— ek e

Citizen Survey Input

[ N W S N - Wy S uy Gy SRy

SDHPT Input

wlwlw)

IH-410 (NL) EB to US-281 SB
IH-410 (NL) EB to Whitmore

IH-410 (NL) WB to Cullaghan
IH-410 (NL) WB to SH-16 NB
I[H-410 (NL) WB to Sea World

LOCATION

IH-410 (NL) WB to US-281 SB
IH-410 (SL) WB to IH-35 SB
IH-410 (WL) NB to US-90 EB
IH-410 (Cont) NB @ Austin Hwy Sb
IH-410 (Cont) NB @ IH-35 (NL) NB
IH-410 (Cont) WB @ Austin Hwy SB
US-281 NB to IH-410 (SL) EB
US-281 SB to IH-410 (SL)

US-81 WB to IH-35/37 SB

US-90 EB to IH-410 (WL) NB
IH-410 (EL) to IH-37 NB

IH-410 (SL) to IH-37 SB

IH-410 (SL) to IH-37 NB



APPENDIX A.3. DIRECTORY OF POTENTIAL SIGNING PROBLEM
LOCATIONS IN AUSTIN

Citizen Survey Input

Ll el el e el el e e e e el S O O I I N N,

IDENTIFIED PROBLEM LOCATIONS IN DISTRICT 14 (AUSTIN)

D

D

(whv)

SDHPT Input

LOCATION

IH-35 SB @ level split SB

US-290 WB to IH-35 SB

IH-35 NB to AIRPORT

IH-35 NB @ level split NB

IH-35 NB to 26th Street WB

IH-35 SB to Riverside Dr. EB

IH-35 NB to Yager Lane

IH-35 NB to 6th Street WB

IH-35 SB to 11th Street

IH-35 SB to Airport Blvd

IH-35 SB to SH-71 EB

IH-35 SB to US-290 EB

IH-35 SB to US-183 WB

Loop 1 Mopac NB to Anderson Ln.

Loop 1 Mopac SB to Bull Creek WB

Loop 360 NB to RM-2222

Loop 360 SB to US-290 EB

Loop 360 SB to Lamar Bivd

Loop 360 SB to Loop 1 Mopac Sb

Loop 360 SB to SH-71 WB

SH-71 WB to Loop 1 Mopac NB

SH-71 WB to IH-35 SB

SH-71 (Cont) EB @ Loop 360 EB

Spur 343 SB to SH-71 WB

US-183 NB to Anderson Ln.

US-183 NB to IH-35 NB

US-183 NB to US-290 NB

US-183 NB to Loop 1 Mopac SB

US-290 EB to IH-35 SB

US-290 WB to Airport Blvd

US-290 WB to IH-35 NB

US-290 WB to Loop 1 Mopac SB

US-290 WB to SH-71 NB

US-290 WB to IH-35 SB

US-290 WB to SH-360 WB

US-290 (Cont) WB @ IH-35 SB

US-290/SH-71 WB to US-290 WB

SB Loop 1 Mopac to SH-2244
(No signs for Bee Caves)

IH-35 NB at Pflugerville exits

IH-35 SB at Pflugerville exits
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APPENDIX B

DATA AND DEMOGRAPHICS FOR HIGHWAY USER
PERCEPTION SURVEYS 1 AND 2
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APPENDIX B.1. DATA AND DEMOGRAPHICS FOR HIGHWAY USER
PERCEPTION SURVEY 1

DATA FOR HIGHWAY USER SURVEY 1

Number of Average
Age Sex Licence Years Driving Miles Driver/  Problem Numbers
A Year 1 2 3 4
22 M N 0 1 2 4 4 4
23 F Y 6 3500 2 35 4 4
30 F Y 156 3500 2 4 4 4
25 M Y 1 3500 2 4 5 4
22 M Y 6 3500 2 4 4 4
23 M Y 8 7500 2 4 4 4
30 M Y 10 7500 2 4 4 4
26 M Y 4 12500 2 4 4 4
56 F Y 15 17000 2 3.5 5 3.5
25 M Y 9 17000 2 3.5 5 3.5
19 F Y 2 1000 3 4 4 4
22 F Y 4 1000 3 4 45 4
30 M Y 12 1000 3 4 4 4
32 M Y 16 1000 3 4 4 4
19 F Y 3 3500 3 4 4 4
21 F Y 6 3500 3 4 4 4
21 M Y 3 3500 3 4 4 4
21 M Y 5 3500 3 4 5 4
27 M Y 11 3500 3 4 5 4
20 F Y 2 7500 3 4 4 4
20 F Y 2 7500 3 4 4 4
21 F Y 2 7500 3 4 45 4
22 F Y 4 7500 3 4 4 4
20 F Y 5 7500 3 4 4 4
20 F Y 6 7500 3 4 5 4
23 F Y 7 7500 3 4 4 4
24 F Y 7 7500 3 4 4 4
24 F Y 9 7500 3 4 4 4
27 F Y 11 7500 3 4 5 4
29 F Y 13 7500 3 4 4 4
33 F Y 156 7500 3 4 45 4
26 M Y 2 7500 3 4 5 4
23 M Y 5 7500 3 4 4 4
23 M Y 5 7500 3 4 4 4
24 M Y 5 7500 3 4 4 4
25 M Y 9 7500 3 4 4 4
25 M Y 13 7500 3 4 5 4
33 F Y 17 12500 3 4 4 4
46 F Y 20 12500 3 4 45 4
19 M Y 2 12500 3 4 4 4
24 M Y 3 12500 3 4 5 4



Number of Average
Age Sex Licence Years Driving Miles Driver/  Problem Numbers

A Year 1 2 3 4
20 M Y 4 12500 3 4 4 4
19 M Y 5 12500 3 4 4 4
22 M Y 7 12500 3 4 4 4
22 M Y 7 12500 3 4 4 4
27 M Y 10 12500 3 4 5 4
30 M Y 12 12500 3 4 4 4
29 M Y 14 12500 3 4 4 4
31 M Y 14 12500 3 4 4 4
34 M Y 20 12500 3 4 4 4
19 F Y 4 17000 3 3 4 4
26 F Y 9 17000 3 4 5 4
39 F Y 20 17000 3 4 4 4
23 M Y 9 17000 3 4 4 4
46 M Y 20 17000 3 4 4 4
20 F N 0 1 35 4 4 5
21 M Y 5 1000 3.5 3.5 3.5 3.5
20 M Y 5 7500 3.5 3.5 4 4
22 M Y 7 12500 3.5 4 5 4
19 F Y 2 1000 4 4 4 4
22 M Y 5 1000 4 4 4 4
23 M Y 8 1000 4 4 4 4
21 F Y 3 3500 4 4 4 4
22 F Y 7 3500 4 4 5 4
21 M Y 5 3500 4 4 4 4
23 F Y 5 7500 4 4 5 4
21 M Y 6 7500 4 4 4 4
37 M Y 20 7500 4 4 4 4
19 F Y 2 12500 4 4 4 4
30 F Y 15 12500 4 4 4 4
37 F Y 20 12500 4 4 4 4
38 F Y 20 12500 4 4 4 4
23 M Y 2 12500 4 4 4 4
21 M Y 6 12500 4 4 4 4
26 M Y 12 12500 4 4 4 4
56 M Y 20 12500 4 4 4 4
44 M Y 20 17000 4 4 S5 4
41 F Y 20 7500 5 4 5 4
24 F N 0 1 2 3.545 4
27 M Y 1 1000 2 4 5 4
20 M Y 5 7500 2 4 4 4
22 M Y 7 7500 2 3.5 5 3.5
34 M Y 16 7500 2 3.5 5 3.5
20 F Y 4 12500 2 4 4 4
23 F Y 5 12500 2 4 4 4



Number of Average
Age Sex Licence Years Driving Miles Driver/  Problem Numbers

A Year 1 2 3 4
19 F Y 6 12500 2 3.5 5 3.5
23 M Y 8 12500 2 3.5 3.5 3.5
26 M Y 10 12500 2 4 4 4
25 F Y 8 17000 2 4 4 4
16 F N 0 1 3 4 45 4
20 F N 0 1 3 4 45 4
25 F N 0 1 3 3 45 4
22 F Y 4 1000 3 3 4 4
21 M Y 1 1000 3 4 5 4
19 M Y 4 1000 3 4 5 5
23 M Y 5 1000 3 4 5 4
22 M Y 6 1000 3 4 5 4
30 F Y 2 3500 3 4 4 4
24 F Y 4 3500 3 4 4 4
21 F Y 5 3500 3 4 4 4
24 F Y 5 3500 3 4 5 4
27 F Y 11 3500 3 4 5 4
18 M Y 2 3500 3 4 4 4
19 M Y 4 3500 3 4 5 4
22 M Y 4 3500 3 3 4 4
21 M Y 6 3500 3 4 4 4
24 M Y 6 3500 3 4 4 4
26 M Y 9 3500 3 3.5 35 3.5
25 M Y 10 3500 3 4 5 4
34 M Y 19 3500 3 4 5 4
19 F Y 4 7500 3 4 4 4
23 F Y 8 7500 3 4 4 4
23 F Y 8 7500 3 4 5 4
25 F Y 9 7500 3 4 4 4
40 F Y 20 7500 3 4 4 4
19 M Y 4 7500 3 4 4 4
20 M Y 4 7500 3 4 45 4
21 M Y 5 7500 3 4 4 4
23 M Y 5 7500 3 4 4 4
30 M Y 7 7500 3 4 4 4
22 M Y 8 7500 3 4 45 4
25 M Y 9 7500 3 4 4 4
28 M Y 10 7500 3 4 4 4
30 M Y 10 7500 3 4 4 4
26 M Y 13 7500 3 4 5 4
31 M Y 13 7500 3 4 4 4
19 F Y 3 12500 3 4 4 4
21 F Y 4 12500 3 4 4 4
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Number of Average

Age Sex Licence Years Driving Miles Driver/ Problem Numbers
A Year 1 2 3 4

22 F Y 6 12500 3 4 2 4
36 F Y 20 12500 3 4 5 4
20 M Y 4 12500 3 4 5 4
20 M Y 5 12500 3 4 4 4
21 M Y 5 12500 3 4 45 4
21 M Y 5 12500 3 4 5 4
24 M Y 9 12500 3 4 4 4
26 M Y 10 12500 3 4 4 4
30 M Y 15 12500 3 4 4 4
19 M Y 3 17000 3 4 4 4
28 M Y 10 17000 3 4 5 4
26 M Y 11 17000 3 4 4.5 4
27 M Y 11 17000 3 4 4 4
32 M Y 13 17000 3 4 4 4
36 M Y 18 17000 3 4 4 4
22 F Y 7 17000 3 4 4 4
56 M Y 20 17000 3 4 4 4
21 F Y 2 1000 3.5 4 4 5
23 M Y 4 1000 3.5 3.5 5 3.
21 M Y 3 3500 3.5 3.5 4 3.
25 M Y 4 3500 3.5 3.5 4 3.
26 M Y 6 3500 3.5 3.5 3.5 8.
33 F Y 15 12500 3.5 4 5 4
26 F Y 11 17000 3.5 4 5 4
23 M Y 7 17000 3.5 3.5 4 3.
19 F Y 2 1 4 4 4 4
26 M Y 4 1000 4 4 5 4
22 M Y 4 3500 4 4 4 4
26 M Y 8 3500 4 4 4 4
25 F Y 9 7500 4 4 4 4
24 M Y 6 7500 4 4 4 4
29 M Y 11 7500 4 4 5 4
27 M Y 13 7500 4 4 4 4
24 M Y 3 12500 4 4 5 4
30 M Y 12 12500 4 4 4 4
21 F Y 6 17000 4 3 4 4
23 F Y 7 17000 4 2 4 4
22 M Y 8 17000 4 3.5 4 4
25 M Y 10 17000 4 4 4.5 4
29 M Y 13 17000 4 4 4 4
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SUMMARY OF DEMOGRAPHIC DATA FOR PERCEPTION SURVEY 1.

Total Sample: 168

# Males: 103

# of Females: 65

Age:

Median age : 23 years
Average age : 26 years

Number of years of driving experience:
Median: 6 years
Average: 8 years.

Number of miles driven in the last 12 months:
Median: 7,500 miles
Average: 8,500 miles



APPENDIX B.2. DATAAND DEMOGRAPHICS FOR HIGHWAY USER
PERCEPTION SURVEY 2

DATA FOR SURVEY 2A.

Problem Numbers

in Survey 2A
Age Sex Licence Years Driving Miles/Year 1 2 3 4 5
23 F Y 5 3500 4 1.2 5 4 1
32 M Y 12 12500 4 2 5 5 1
23 F Y 4 1000 4 1.2 5 4 1
23 M Y 6 7500 4 1.2 5 4 1
25 M Y 6 12500 4 1 5 4 1
23 M N 8 1000 5 1 5 2 1
23 M Y 9 1000 5 4 5 4 1
23 M Y 8 12500 3 3 5 4 1
31 M Y 14 12500 4 2 5 4 1
29 M Y 1 7500 3 2 5 4 1
28 M Y 15 7500 4 1 5 4 1
43 F Y 20 3500 3 2 5 4 1
42 F Y 20 7500 3 2 5 4 1
30 M Y 4 7500 4 2 5 4 1
71 M Y 20 7500 4 3 5 2 1
20 F Y 3 7500 4 1.2 5 4 1
45 M Y 20 12500 4 2 5 4 1
29 M Y 11 12500 4 2 5 4 1
22 M N 0 1 4 2 5 4 1
27 F Y 13 12500 4 2 5 4 1
22 M Y 7 12500 4 2 5 4 1
28 M Y 14 12500 5 1.2 5 4 1
22 M Y 6 12500 4 1 5 2 1
24 F Y 6 1000 3 2 5 3 1
24 M Y 8 17000 4 2 5 4 1
24 M Y 6 3500 4 2 5 4 1
27 M Y 7 7500 4 1 5 4 1
22 F Y 4 3500 4 1.2 5 4 1
31 M Y 7 17000 4 1 5 1 1
24 M Y 1 1000 4 2 5 2 1
27 M Y 5 7500 4 2 5 2 1
23 F Y 4 1000 4 1.2 5 4 1
24 M Y 7 3500 4 1 5 2 1
21 F Y 3 3500 4 1 5 4 1
22 M Y 4 1000 4 1 5 4 1
24 M N 0 1 4 1 5 4 1
25 M Y 10 17000 4 2 5 4 1



62

Age
25
25
24
22
21
21
20
36
21
24
21
22
24
35

Sex Licence

T T nNTTIEIEIENESIENEZ

<K€L LK< << <<

Years Driving

ﬁ~44<nu1g<noam<n«>m«n

Miles/Year
7500
7500
7500
3500
12500
7500
7500
7500
17000
7500
17000
7500
12500
12500

S AP ALEPPMPLLLDLEDLOA-

Problem Numbers

in Survey 2A
2 3 4
2 5 4
1 4 2
1 5 4
2 5 4
2 5 4
1 5 4
2 5 4
2 5 4
1 5 4
1 5 4
2 5 4
2 5 4
1 5 4
1 5 4

—t ok —d md =k —d ok md ek ok =k =k =k o LN



Age
23
26
22
26
29
24
26
33
33
28
26
20
24
29
26
25
26
28
31
24
28
75
22
28
25

20
23
21
22
28
26
48
42
22
24
22

Sex Licence

TN ETEITIETTNIAESEETIEITIENEEEETIEIEI NETZEZIZIEINESESESIESETNZ

L LLLLLLLLLLLLLLLLLLLLLLLLLLZT < << <<

DATA FOR SURVEY 2B.
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DEMOGRAPHIC DATA FOR THE SECOND PERCEPTION SURVEY

Total Sample: 103
# of Males: 80
# of Females: 23
Survey 2A, Survey 2B
Sample Size: 51 52
# of Males: 38 42
# of Females: 13 10
Age:
Median age : 24.0 years 25.0 years
Average age : 26.8 years 26.4 years

Number of years of driving experience:
Median: 8.0years 7 years
Average: 8.1 years. 8.3 years

Number of miles driven in the last 12 months:
Median: 7,500 miles 7,500 miles
Average: 8,000 miles 8,500 miles
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APPENDIX C.1. AIRPORT SURVEY DATA AND TABULATIONS

FROM AUSTIN

AIRPORT SURVEY DATA FROM AUSTIN
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SURVEY RESULTS:

AUSTIN AIRPORT

Total Number of Respondents:

Question number, survey response code and totals are shown below:

1. Where is your permanent Residence?
1 - Texas
2 - non-Texas state
3 - non-U.S.A. country

2. Is this your first time to the Airport?
1 -Yes, first time to A/P
2 -No, have been to A/P less than five times
3 -No, have been to A/P more than five times

5. What type of transportation did you use to arrive at the airport?
1 - Passenger car - parked
2 - Passenger car - drop off
3 - Hotel or motel van
4 - Rental car
S - Public Bus
6 - Taxi or limousine
7 - Other
8 - Transfer of flights

6. How did you find the location of the airport?
1 - Street Address
2 - Street Map
3 - Oral Directions
4 - Map by friend or associate
5 - Written directions

218
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BN W W

13
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6 - Highway signs 55
7 - Other 52
8 - Not applicable 46
9 - No response 32

7. Did you have any problems finding the airport?

0-No 192
1-Yes 10
2 - Not applicable 16

8. Overall, how would you rate the signing that guided you to the A/P?

1 - Not applicable 46

2 - Poor 30

3 - Adequate 117

4 - Excellent 25
9. Sex

0 - Female 39

1-Male 179
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APPENDIX C.2. AIRPORT SURVEY DATA AND TABULATIONS
FROM DALLAS-FORT WORTH

AIRPORT SURVEY DATA FROM DALLAS / FT. WORTH

D/FW
Survey
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#
responses

RESID FREQ TRANS LOCAT

DIFF

RATE SEX

232 232 232 232

232

232 232



SURVEY RESULTS:

LA RTH

Total Number of Respondents:

Question number, survey response code and totals are shown below:

1. Where is your permanent Residence?
1 - Texas
2 - non-Texas state
3 - non-U.S.A. country

2. TIs this your first time to the Airport?
1 -Yes, first time to A/P
2 -No, have been to A/P less than five times
3 -No, have been to A/P more than five times

5. What type of transportation did you use to arrive at the airport?
1 - Passenger car - parked
2 - Passenger car - drop off
3 - Hotel or motel van
4 - Rental car
5 - Public Bus
6 - Taxi or limousine
7 - Other
8 - Transfer of flights

6. How did you find the location of the airport?
1 - Street Address
2 - Street Map
3 - Oral Directions
4 - Map by friend or associate
5 - Written directions

232
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31
11

139

12
10
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6 - Highway signs 21
7 - Other 87
8 - Not applicable 62
9 - No response 35

7. Did you have any problems finding the airport?

0-No 182
1-Yes 2
2 - Not applicable 48

8. Overall, how would you rate the signing that guided you to the A/P?

1 - Not applicable 51

2 - Poor 7

3 - Adequate 51

4 - Excellent 123
9. Sex

0 - Female 63

1 -Male 169



83

APPENDIX C.3. AIRPORT SURVEY DATA AND TABULATIONS

FROM HOUSTON INTERCONTINENTAL

AIRPORT SURVEY DATA FROM HOUSTON
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SURVEY RESULTS:

HOUSTON

Total Number of Respondents:
Question number, survey response code and totals are shown below:

1. Where is your permanent Residence?
1 - Texas
2 - non-Texas state
3 - non-U.S.A. country

2. Is this your first time to the Airport?
1 -Yes, first time to A/P
2 -No, have been to A/P less than five times
3 -No, have been to A/P more than five times

5. What type of transportation did you use to arrive at the airport?
1 - Passenger car - parked
2 - Passenger car - drop off
3 - Hotel or motel van
4 - Rental car
5 - Public Bus
6 - Taxi or limousine:
7 - Other
8 - Transfer of flights

6. How did you find the location of the airport?
1 - Street Address
2 - Street Map
3 - Oral Directions
4 - Map by friend or associate
5 - Written directions

210

90
108
12

22
38
150

49
17

113

2

25

19

N O W



6 - Highway signs 38

7 - Other 51
8 - Not applicable 46
9 - No response 45

7. Did you have any problems finding the airport?

0-No 174
1-Yes 9
2 - Not applicable 27

8. Overall, how would you rate the signing that guided you to the A/P?

1 - Not applicable 39

2 - Poor 29

3 - Adequate 103

4 - Excellent 39
9. Sex

0 - Female 48

1-Male 162
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APPENDIX C.4. AIRPORT SURVEY DATA AND TABULATIONS

FROM SAN ANTONIO

AIRPORT SURVEY DATA FROM SAN ANTONIO
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SURVEY RESULTS:

SAN ANTONIO

Total Number of Respondents:

Question number, survey response code and totals are shown below:

1. Where is your permanent Residence?
1 - Texas
2 - non-Texas state
3 - non-U.S.A. country

2. Is this your first time to the Airport?
1 -Yes, first time to A/P
2 -No, have been to A/P less than five times
3 -No, have been to A/P more than five times

5. What type of transportation did you use to arrive at the airport?
1 - Passenger car - parked
2 - Passenger car - drop off
3 - Hotel or motel van
4 - Rental car
5 - Public Bus
6 - Taxi or limousine
7 - Other
8 - Transfer of flights

6. How did you find the location of the airport?
1 - Street Address
2 - Street Map
3 - Oral Directions
4 - Map by friend or associate
5 - Written directions

231
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14

40
43
148

37

138

N O oo O

95
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6 - Highway signs 65
7 - Other 44
8 - Not applicable 55
9 - No response 37

7. Did you have any problems finding the airport?

0-No 206
1-Yes 4
2 - Not applicable 21

8. Overall, how would you rate the signing that guided you to the A/P?

1 - Not applicable 45

2 - Poor 21

3 - Adequate 100

4 - Excellent 65
9. Sex

0 - Female 57

1 - Male 174



APPENDIX C.5. SUMMARY OF AIRPORT SURVEY TABULATIONS

SURVEY RESULTS:

ALL SURVEYS

Total Number of Respondents:

Question number, survey response code and totals are shown below:

1. Where is your permanent Residence?
1 - Texas
2 - non-Texas state
3 - non-U.S.A. country

2. Is this your first time to the Airport?
1 -Yes, first time to A/P
2 -No, have been to A/P less than five times
3 -No, have been to A/P more than five times

5. What type of transportation did you use to arrive at the airport?
1 - Passenger car - parked
2 - Passenger car - drop off
3 - Hotel or motel van
4 - Rental car
5 - Public Bus
6 - Taxi or limousine
7 - Other
8 - Transfer of flights

6. How did you find the location of the airport?
1 - Street Address
2 - Street Map
3 - Oral Directions
4 - Map by friend or associate
5 - Written directions

891

397
448
46

112
154
625

154
100

18
525

16

72

97
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7. Did you have any problems finding the airport?

8. Overall, how would you rate the signing that guided you to the A/P?

9. Sex

6 - Highway signs
7 - Other

8 - Not applicable
9 - No response

0-No
1-Yes
2 - Not applicable

1 - Not applicable
2 - Poor

3 - Adequate

4 - Excellent

0 - Female
1 - Male

179
234
209
149

754
25
112

181

87
371
252

207
684
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