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PREFACE

This report presents the [indings of a two and one-half year research
project in developing a methodology for evaluating road signs by using an
eye-marker camera system as a primary research tool. This project was
sponsored by the Ohio Department of Ilighways and the Federal Highway Admin-
istration.

The research was conducted in two stages, namely, Stage A and B,
Each stage included three phases, The six phases were as follows:

Phage A-I: The Development of Assessment Technigues
for Distinguishing Signing Differences,

Phage A-II: Testing of Assessment Techniques,

Phase A-III: Application of the Assesament Techniques
for the Purposes of Evaluating "Ongoing"
Sign Changes Made by the Ohio Department
of Highways on I-80 in Cleveland,

Phase B-I: Expansion of the Scope of the Methodology
for the Evaluating of Road Signs,

Phase B-II: Increasing the Sensitivity of the Methodology,
and

Phase B-II: Continued Evaluation of Existing Highway
Signing.

This report includes results of a series of eight field studies and three
laboratory studies conducted to fulfill the objectives of this research, For the
computation of the measures developed for the Evaluation of Road Signs, two
computer programs called SEADEM T and I were developed for the Analysis of
Driver Eye-Movement Data collected under actual driving situations., This
report also presents the description of the SEEADEM computer programs.

The research lindings obtained from this project are currently being
further developed wnder another research contract entitled, "Implementing
Sign Research Into Operational Practices,'" (Project EES 407B) sponsored by
the Ohio Department of Highways and the Federal Highway Administration.
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ABETRACT

The objective of this research was to develop a methodology that will
cnable the evaluation of road signs by using an eye-marker camera as 4 primary
research tool, The methodology developed in this research attempts to evaluate
a road sign by determining the degree of match between the sign reading behaviors
of the drivers and the characteristics of the signs, and highway and the tratffic
situations,

In this research eight different field studies and three laboratory studies
were conducted to determine the effects of different variables that are related
to the characteristics of the signing, the drivers, the highways and the traffic
situations on the sign reading behaviors of the drivers. The field work invelved
collection of the driver eye movements and driver performance data under actual
driving situations for over 400 different interstate highway signs during daytime

| using an average three to five subjects, The data was analyzed by specially

developed computer programs called SEADEM programs (Sign Evaluation by the
Analysis of Driver Eye Movements). The SEADEM computer programs analyzed
the data and computed sign evaluation measures describing sign reading behaviors
of the drivers, Further analyses of the sign evaluation measures showed that

the measures were related to many different factors associated with the charac-
teristics of the signing, the driver, the highways, and the traffic situations. The
understanding into how various different factors influence the sign reading behaviors
of the drivers provides a basis for the implementation of the methodology for both
the evaluation and the design of highway signing.

Some of the most important results obtained from this research are as
follows:

1. The maximum time-distance fromwhicha driver actually begins
{o aequire information from a sign is the "key" variable for both
the design and the evaluation of signs. The above time-distance
decreases with increase in visual loads caused by increasge in
traffic density.

“2, In general, the drivers do not concentrate on the sign after the
first fixation on the sign, but they time-share with the sign and
other objects on the road. The time-sharing process of the
drivers with the signs is dependent upon factors such as time-
distance to the {irst fixation on the sign, fraffic density, type
of informational need of the driver, length of message dis-
played on the sign, relevancy of information to the driver,
driver familiarity, ete.
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3.

The sign reading behaviors of drivers driving on unfamiliar
roads under "confusing' and "inadequate' signing situations,
in general, exhibit the following characteristics:

1. late beginning of sign reading; i.e,, very low utilization
of legibility distances,

b. concentrated attention on signs during time-sharing
interval, and

¢. late completion of sign reading; i.e., continued reading
as late as possible until the sign is passed,
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Tl'ﬂ X

Tuged

regd

Tepir

Tmax / Ty

Ti/Tused
Tmax/Tused
Tmax/Tpeqd
Tysed/T reqd

T mﬂxs" T3

LIST OF SYMBOLS

maximum time-distance (in seconds) from which informa-
tion displayed by the largest letter (letter size) or symbol
on the sign can be read

time-distance (in seconds) at the beginning of the first fix-
ation when the largest letfer or symbol on the sign forms a
resolvable image on the retina of the approaching driver

time-distance (in seconds) at the last fixation when a letter
of symbol on the signs forms a resolvable image on the

driver's retina

(Tf - Tg) = time in which perceptual time is shared with the
sign and the tasks in driving

total time (in seconds) during which information displayed

by the sign forms a resolvahle image on the driver's retina
(This represents total time available to the driver for obtain-
ing information from a sign.)

minimum time (in seconds) required to acquire the required
information from the message displayed on the sign

minimum possible value of Ty (defined such that from the time
distances below Toplr 8 sign cannot present resolvable infor-

mation to a driver)

sign information availability utilization and urgency indicator
ratio

sign information sampling index

sign information utilization ratio
sign design evaluation criterion ratio
visual load indicator ratio

gign reading and time-sharing index

lime-dislance of the driver from the location of the sign
(measured in seconds)

XX




[oty, ¥(1)]

[B5(t),d;(t) ]

Mi(t)

o (t) ]

Yilt)

x(t)

Ko*

Eq#*

angular location of the eye fixation (or visual axes) of the
driver at time-distance t from the sign (measured in degrees
with focus of expansion considered as the origin (Note:

Focus of expansion is defined as a point in the driver's visual
field from where the driver's dynamic view appears to expand.
It is approximately at the location of a far-point where the two
lane markers seem to meet.)

angular location of the ith point on the sign at time t {measured
in degrees from the focus of expansion as the orgin)

= 1 denotes center of the sign
2 denotes a mid-point on the left edge of the sign
i = 3 denotes the mid-point on the right edge of the sign

e s
]

cccentricity angle of the sign at the ith point on the sign at
time t (Note: Eccentricity angle is defined as the angle between
the visual axis and the ith point.)

resolution angle measured in minutes of arc in the driver's
visual field at eccentricity angle m,(t)

angle subtended by the largest sized letter on the sign at the
cyclopean eye position of the driver

longitudinal distance of the driver from the sign at time t
({measured in feet)

number of longitudinal location of the sign; i.e., number of
the sign location in the sequence of sign (Note: Kj =1
denotes the farthest sign location from the exit

position of the gign (measured from left to right) in a group
of multiple signs at a location (For example, if there are
three signs at a loecation K2 = 1 denotes the left sign; i.e.,
above the left lane; K2= 2 denotes the sign at the center and
K 2= 3 denotes the sign at the right

critical value of Tmax selected for the design or evaluation
of a sign

eritical value of Tmax/Tt selected for the design or evalua-
tion of a sign
xxd



Ez* = critical value of Tuged selected for the design or evaluation
of a sign (This value would be a suitable percentile value
of Treqd+)

Kag* = critical value of the ratio (Ty - Top)p :'-‘fTreq{i selected
for the design or evaluation of a sign

1*14* = critical value of the ratio T/ T 5.

or evaluation of a sign

4 sclected for the design

NR = denotes signs that present information "Not Relevant” to the
driver in following intended route or destination

NP = denotes signs that present information relevant but "Not
Pertaining” to the driver in following intended route or
destination

PR = dentoes signs that present information relevant and pertaining

lo the driver in following intended route or destination

N1 = informational need of Type I: searching for milage number for
a given destination from a zign

IN2 = informational need of Type II: searching for a given destination
when it was displayed on the sign along with other destinations

IN3 = informational need of Type 1[I searching for a given destination
when it was noet displayed on the sign

W = mumber of words per line displayed on a sign

L = number of lines of messages displayed on the sign

F = level of driver familiarity with the sign (or highway)

r = line position of the required measage displayed on the sign
level

p = significance level (probability of rejecting the null hypothesis

iz when it is true in a statistical test)

& = gorrelation coefficient

xxii




Chapter I

SUMMARY OF THE RESEARCH

Introduction

Since January, 1968, the Systems Research Group has been engaged in
the research on highway signing, The primary aim of this research project was
to develop a methodology for evaluating road signs by using an eye-marker
camera as a primary research tool, In this research, eye movements of drivers
were recorded under different actual driving situations and data on driver eye
movements and driver performance was collected for over 400 different inter-
state highway signs using an average of three to five subjects in different
experiments. For field data collection an instrumented vehicle was used. The
instrumented vehicle was designed such that simultaneous synchronized data on
driver eye movements and driving performance could be recorded.

The majority of driver eye movements inthis researchwere collected under
experimental conditions such that the subject drivers werc totally unaware of the
objective of this research. The drivers under field studies were only given free-
way entering and exiting instructions and nothing was mentioned to them about the
signing. The collection of driver eye-movement data, thus, enabled the researcher
to obtain unbiased (instruction free) sign reading behaviors of drivers over time,
Some of the experiments in this research included testing under controlled situa-
tions where specially designed research signs were ercc ted and employed with the
cooperation of the Ohio Department of Highways. The research was further sup-
plemented by conducting some laboratory experiments for investigation of some
effects and hypotheses which are described later in detail,

Objectives of the Study

This research project began in January, 1968, with three primary research
objectives which can be deseribed by considering the lollowing three phases,

Phase A-I: The Development of Assessment Techniques
for Distinguishing Signing Differences: This
phase of the research relied upon the analysis
of driver performance data collected on urban
and rural freeways to indicate the performance
variables that reflected differences in signing
quality.



Phase A-IT: Testing of Assessment Techniques: Controlled
experimental studies conducted with specially
erected signs were used to evaluate the assess-
ment techniques developed in Phase A-T of the
research,

Phase A-III: Application of the Assessment Technigues for
Purposes of Evaluating "Ongoing'" Sign Changes
Made by the Ohio Department of Highways:
Subjects were extensively tested belore and
after major signing changes on an eight-mile
stretch of the Memorial Shoreway (Interstate 90)
in Cleveland, Ohio,

The research on the above three phases was conducted primarily in the
period between January, 1968, and June, 1970, On the basis of the research
findings in the above research phases, a proposal for continuation of this
research was submitted to the Ohio Department of Highways in April, 1870,
and research was continued from August, 1970. In the continuation of this con-
tract, in addition to continuing research on the above three phases, the following
three new phases were added.

Phase B-I: Expansion of the Scope of the Methodology: The
direction considered for the expansion of the
scope of the methodology was to study its cvalu-
ation capabilities in investigating effects of
multiple and seqguential signing under effects of
visual load. (Note: The ferm "multiple signs"
refers to installations having more than one sign
at a longitudinal location on the highway. The
term "sequential signs" refers to sequence of signs
presenting similar information; e.g., signs for
exits presenting information before: one mile,
one half mile, and just before "Next Right.')

Phase B-1I: Increasing the Sensitivity of the Methodology:
Two directions were considered for this purpose:

i. to incorporate exact highway geometry for
the analysis of driver eye-movement data
(Note: This was accomplished by develop-
ing new compufer programs SEADEM II,
See Chapter IM. ), and




fi. to estimate Treqd and investigate the effects
of variables affecting Ty.gqq- {Note: Treqd
is defined as minimum time required to
acquire required information from the sign,)

Phase B-TII: Continued Evaluation of Existing Highway Sign-
ing: The sites considered for this purpose were
categorized in the following manner:

i, signs presenting information contradictory
to geometric highway design; e.g., signing
requiring a turn to south in order to eventually
end up going north,

ii, "confusing signing:" signs which are generally
regarded as confusing; e.g., signing that "con-
tradicts" a performance stercotype; left hand
exits, and

iii. diagrammatic signing,

Figure 1.1 presents a flow diagram showing the relationship of important
research activities conducted in this project to the six research phases deseribed
earlier. The experimental work included eight field studies (number F-1 to ¥F-8)
and three laboratory studies (number L-1 to L-3). All the studies shown in this
figure are described briefly on pages 17 to 19.

It should be noted that all the research work performed prior to June 1370,
was described in detail in the interim report of this project. The final report is,
therefore, primarily written to cover all the research work that was undertaken
after the interim report was submitted. However, in preparing this report,
attempts have been made such that it can be read independently without the help
of the interim report. But for more details on the research prior to June 1370,
the interested reader is suggested to refer to the interim report.

Research Rationale

The rationale underlying this research is of a different nature than the
majority of the researches reported in the literature related to design, improve-
ment and evaluation of road signs. The reported researches in this area are
primarily conducted in determining effects of the following factora:

1. factors determining legibility distances; e.g., contrast of letters,
height of letters, stroke width, ete., and

2. visibility factors related to detection of a sign ("target value" or
"attention value' of a sign); e.g., area of sign, color, brightness
contrast with backpround, ete.
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The implementation of results obtained from the studies on factors such
a5 those presented above are generally not clear when actual driving situations
are considered. This is primarily due fo the fact that the majority of such
researches have been conducted under laboratory conditions where the driving
task is either totally absent or not considered in a truly realistic manner.

In general, the literature review in this research area suggesis that
almost no attention has been given to the problems of determining how a driver
acguires information from a sign., More specifically, questions such as: when
does a driver actively start reading a sign, when does he stop reading, and how
does he time-share with a sign and other driving tasks, are unanswered.

The primary emphasis in conducting this research was, therefore, fo study
sign reading behaviors of drivers from a sign information acquisition-processing
viewpoint, and to develop an assessment technigque for the evaluation of road signs.

While driving, a driver acts as an information processing device which
constantly acquires information, primarily through visual senses, and provides
controlling actions to maintain lateral and longitudinal control of his vehicle on
the highway. A driver cannot attend equally and simultaneously to all the visual
cues available to him through the windshield of his vehicle, due primarily to
physiological limitations of the human retina, maintenance of perceptual char-
acteristics of the binocular vision (Yarbus, 1967), and the human information
processing capahilities., He, therefore, must sample the visual environment
and time-share between various regions and objects in his visual field {o obtain
visual information necessary to perform the driving task. The driver eye move-
ments recorded while driving give important information on the temporal and
spatial characteristics of the visual sampling bebavior of drivers.

The human eye makes different types of movements. A detailed description
on the types of eye movements can be found in Yarbus (1967). While driving, the
majority of driver eye movements consist of discrete "eye fixations" linked by
continuous movements; i,e., saccades of high velocity. An eye fixation can be
defined as an apparent stationary position of the eyes between two successive
eye movements. A driver can extract information from the optical image on
his retinas only in a fixation (Yarbus, 1967). The durations of the fixations
while driving generally range between 100 to 600 milliseconds.

An eye movement system that works on the principle of corneal reflection
was used in this research., The system essentially records superimposed images
of the position of driver's visual axis and the driver's forward visual scene
encompassing 20° x 20° visual field on 16 mm film, A detailed description of
the eye-marker camera system is presented in Appendix B

Figure 1,2 presents a series of pictures illustrating where a driver looks
as he approaches and passes a sign location. The series of pictures shown in

3
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Figure 1.2 were obtained by sampling frames from a 16 mm driver eye-movement
film (obtained at 16 frames/second speed) at the beginning of every successive
fixation. It should be noted that in each of the pictures presented in Figure 1.2
the white spot (usually called the "eye spot") indicates the location of the driver’s
eye fixation (or the visual axis). Further, the pictures (Figure 1.2) in which the
eye spot does not appear on the film indicates that the driver was either looking
(i.c., fixating) at objects outside the 20° x 20° field of the camera scene lens or
the driver was blinking.

The experimental work of this research began with Field Study F-1 which
was primarily conducted to gain an understanding into the problem of studying
sign reading behaviors of drivers. The preliminary investigations (on the data
obtained in Study F-1) made by analyzing the fixations that the drivers make on
signs show that there exist wide individual differences. Some drivers tend to
stare at the signs for a considerably longer time than the minimum time that
they would require to read the message displayed by the signs; whereas, other
drivers, even on totally unfamiliar sections of highways, do not make any direct
fixations on the signs that are relevant to exiting instructions, but, rather use
extra-foveal visual processes.

The possibility of drivers acquiring information by extra—foveal vision
was further investigated by conducting controlled experimental runs in Field
Study F-3. The results, in general, showed that a driver could obtain informa-
tion from a sign if the image of the sign formed on the driver's refina presents
resolvable information. Therefore, it was found to be necessary to analyze the
fixations made close to the signs to consider the possibility of sign reading by
drivers by using their extra-foveal vision.

On the basis of results of Field Study F-1, the methodology for evaluation
of road signs was developed. The assumptions used in developing the methodology
were later tested by conducting field studies numbered F'-2 and F-3. The [ield
study numbered F-5 and the three laboratory studies (mumbered L-1 to L-3) were
canducted to investigate effects of different independent variables on one of the
important variables, Treqd, which is defined as the minimum time required for
a driver to acquire required information from a sign.

The remaining field studies reported herein were conducted either for
the purposes of the enrichment of the methodology or for the evaluation of signing
situations of special interest., A more detailed description of the experimental
work is presented on pages T7 to 204.



A Brief Description of the Methodology

The approach taken in developing the methodology is that of a simple
visual information transfer between the traffic sign (visual information display
source) and the driver,

The methodology attempts to determine the degree of a "mateh" between
the source of information, the sign, and the moving receiver on the road (i.e.,
the driver) in terms of the adequacy of the information displayed by the sign in
relation to the receiver's visual sampling behavior (i.e., the sign reading
behavior) obtained by using an eye-marker camera system.

The sign reading behavior of the driver can be defined as the visual
behavior of the driver that is responsible for acquiring the information displayed
by the sign. The eye movements of the driver while approaching a sign constitutes
only one of the variables that is needed in understanding how a driver acquires the
information from the sign. More specifically, in order to evaluate whether a driver
can or actually acguires the information, the consideration of the following factors
is needed:

1. sign related characteristics

a. location of the sign with respect to the highway,

i. distance of the left edge of the sign from the
right edge marker of the highway, and

ii. height of the lower edge of the sign from the
surface of the road,

b, size of the sign,
c. sizes of letters and symbols,

d. peomeiric perspective of the highway before a driver
passes the sign,

¢. length of the message on the sign,
[. multiple signs, and
g, seguence of signs,

2, driver related characieristics

a. wvisual acuity in the visual field of the driver,

9




b, path of motion of the vehicle with respect to the sign,

¢, vehicle speed,

d. time available for the driver to assimilate and process
the information available and to interpret the message
digplayed on the sign,

e. complexity and familiarity of the message, and

f, relevancy of message with respect to driver objectives,
and

3. highway and traffic related characteristics

situational visual and information processing loads on
the driver due to factors such as traffic density, high-
way design presenting conflicting reometrie cues, etc.

The problem of measuremeni of sign reading behavior of the driver is,
therefore, the same as the problem of measurement of fixations during which
the driver acquires information from an oncoming sign. Further,. the problem
of determining the fixations in which a driver can and cannot obfzin information
from a sign is extremely complex. This is primarily because during the course
of this research it was found that the driver need not make direct fixation on a
sign (i.e., direectly point their eyes or visual axis on the sign) but can obtain
information from the sign fromextra-foveal parts of their visual field provided
the visual capability of the portion of the visual field where the image of the
sign (i.e., the displayed message) forms is high enough to be resolved.

Therefore, the visual information displayed by a sign can be considered
to be available to a driver only if the optical image of the sign formed on the
driver's retinas while driving is "resolvable." The image of the sign can be
considered to be resolvable only if the letters (or numbers, symhols, ele.)
displayed on the sign form an image which is clear enough such that a driver
with a given acuity can extract information when needed. In order to determine
resolvability of letters on a sign in the driver's visual field, the following assump-
tion is made:

A letter (or number) on a sign is considered to form a
“resolvable' image on a driver's retina if the angle
(measured in minutes) subtended by the height of the
letter (or number) is greater than or equal to 5.5
times the resolution angle (i,e., reciprocal of visual
acuity) at that radial position (i.e., eccentricity) on
the retina where the image of the letter is formed.

10




For a detailed discussion on the considerations involved in making the
above assumption and the definition of visual acuity, an interested reader is
referred to Roclawell, et al., (1970), LeGrand (1967}, and Davson (1962), The
above assumption was supported by conducting controlled field studies in this
research. It should be noted that all the field studies in this research werg

conducted under daytime luminance levels ranging between 10 fo 1{]‘1 ed/m”.

In order to determine the availability (or resolvability) of information
displayed by a sign to a driver in successive eye [ixations that a driver makes
as he approaches a sign, a computer program, SEADEM, was developed. The
program, SEADEM (Sign Evaluation by Analysis of Driver Eye Movements)
requires the following inpuis:

1. driver eye-movement data collected on the test section, (The
eyve-movement data consists ol angular coordinates and dura-
tions of successive eye fixations made by the test driver as
he approaches a sign.)

2. highway geomelry,

3. wveloeity profile and the path {i,e., lape position) of the test
vehicle on the test section of the highway,

4, sign characteristies (i.e,, locationof sign, sizes of letters,
sign size, contrast. ete.), and

5. wvisual acuity in the binocular visual field of the test driver.

From the above inputs, SEADEM determines those eyve fixations that pro-
vide resolvable information about the sign to the driver and then computes the
following measures that are used to define the sign reading behavior of the
driver (see Figure 1.3).

T = maximum time-distance during which information dis-
played by the largest letler or symbol on the sign can
form a resolvable image on driver's retina if the driver
were [ixating foveally on the sign.

Ty = time-distance at the beginning of the first fixation when
the largest letter (or number) on the sign forms a
resolvable image on the driver's yetina.

= lime-distance at the last fixation when a letter (or
number) on the sign forms a resolvahle image on the

driver's retina,

11
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(T - Tg) = time interval in which perceptual time is
shared with the sign and the tasks in driving.

o
Il

= total time during which information displayed by the
sign forms a resolvable image on the driver's retina.
{This represents total time available for obtaining
information from a sign.)

used

= minimum possible value of T, (defined such that irom the
time distances below Tuple. 2 sign cannot present resol-
vable information {i.e., blurred image) to a driver due
due to limitation of driver's visual capahbilities, angular
position of the sign and the angular veloeity of the sign in
the driver's visual field).

In addition to the above measures another measure called Treqd was
defined as follows:

Treqgd = minimum time required for an unfamiliar driver to acquire
information displayed by a sign,

For purposes of determining values and distributions of T, 4, as a
fimetion of variables such as length of displayed message, type of informational
need of the driver in relation to the message displayed by the sign, experiments
were conducted. The measure Treqd was defined primarily to enable compar-
ison between the observed values of Tygpd and Treqd for a same sign to inves-
tigate the problems related to partial or excessive sign reading by the drivers.

The above defined measures are functionally related to various factors
such as sign characteristics, driver familiarity with the route, etc. A partial
list of functional relationships can be brielly presented as [ollows:

T miax = I [size of letters, speed ol vehicle, visual acuitly, loca-
tion of driver with respect to sign),

Tused = ¢ {traffic characteristics, familiarity, complexity of
message on the sign, highway geometry),

T = h (sign detection, urgency of information, traffic
characteristics, visual acuity, height of largest letter),

T = k (complexity of message, familiarity, Ty, height of the
largest letler, relevancy of message),

Tehlr = 1 (relative angular position of sign with respect to

driver's path, veloeity, visual acuity), and
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T

reqd

= m (complexity of message, familiarity, relevancy of
message).

Figure 1.4 presents a schematic model showing how some of the basic

factors a

nd the decision making activities of the drivers could be related to

the basic measures that are defined to describe the sign reading behaviors of
the drivers. The model presented in Figure 1.4 is based on the following

hypotheses:

1

L

The time-distance at the first fixation from which the driver begins
to acquire information from a sign would be related to Tmax. More
specifically, it is hypothesized that the higher the value of Tyax,
the higher would be the value of Tf .

The measure Ty would be dependent upon the following factors:
a. driver's informational need, and

b. wvisual load on the driver's information acquisition and
processing capacity due to other driving tasks,

It was hypothesized that with an increase in driver urgency of
information, the value of Tmax/Tf would tend to move close to
1.0. Further, itis hypothesized that with increase in visual
load (primarily due to traffic density) the value of Tmax/Tf
would increase.

3. The total time, Tysed, during which a driver would obtain information

from a sign would depend upon the following factors:

a. (Tf- Teply) = total time available to the driver to
obtain information from the sign,

b. relevancy of information presented by the sign in
relation to drivers informational need,

c. amount of message presented on the sign, and

d. visual information demands in performing other tasks
in driving.
It should be noted that the difference (Tf - Teply) defines the maximum
time that is actually available for a driver. Itis, therefore, hypothesized

that, depending upon the informational need, the driver time-shares his
visual attention (in the period Tt - Tehly) between the sign and other

14
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sources of information which provide him information necessary to
perform other driving tasks, The time-sharing process is further
hypothesized to be a trade-off type process where the driver has to
make decisions on the following:

a, proportion of (T; - Tgpyy) time to be spent between acquiring
information to perform other tasks in driving,

b. percentage of nceded information to be acquired from a
sign without interpretation errors, and

c. driver urgency associated in obtaining the information from
a sign.

The ratio Ti/Tused is hypothesized to be a descriptor of the above
mentioned trade-off process, The signs for which values of Tysed
are higher and the values of Tj/Tused are lower would then indicate
driver's increased concentration on the signs. Therefore, it is
hypothesized that the important criferion for determining "adequacy"
of a sign would be as follows:

2. Tyyqax/Tg should be as small as possible. It should be noted
that the time period (Tj,q - Tf) indicates unutilized
time; i.e., a driver does not utilize the available informa-
tion from the =izn,

b. values of the ratio ([Tf - Teblr ]/ Treqd) should be greater
than or equal to T;/T gaq. It should be noted that Treqd 18
defined as the time required by an unfamiliar driver Lo
obtain the needed information with no interpretation errors.
Further, if Treqd is less than Tygeq. it would indicate that
the driver did not ohtain all the information adequately or he
only read the sign partially.

Some Details Concerning the Experimentation

In order to fulfill the ohjectives of this study eight field studies and three
laboratory studies were conducted, Tables 1.1 and 1.% present some details
concerning the field studies and the laboratory studies, respectively.

In all the eight ficld studies the data was collected by using an instrumented
vehicle, The instrumented vehicle was equipped to record simultaneous synchron-
ized data on driver eye movements and driving performance.
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Table 1.1

Summary of Field Studies

Depmrndend mnel Inedie-
Mo Title of the Study Dhicotives of the Study pendent Vieriubles Highway Used
F-1 A study for developins tin ellect deiver eye-—move - Deprendent Yirinbles 1, 1-71 between
data tmged oo sign rends- ment dota under different Zim eviluation mes— Stringtown Hosd
i behaviors of drivers.  signing and traffic conditlons sureg {sed page ) and SR k1
to generate a datn base, The
dntn base was primarily lnten- Independent Viarciabiles 2. [-71 berwocn
ded for developing nn under- 1, releveney of slgning Broad Streel and
shading inlo sign reading to the driving task (3 1-Z70 | Rorth
bebuvioes of drivers, and lie1a) Sectiont iColum-
subgeguently it was used o a, mo relevaney hius)
develap n mothodology for b relevant bug
euphoating  cond Slgns. ot prrbaining o
rovule
o, relevant and
portaining o
Toauake:
2, type of mounting
a, side mounted
b, overhead moeated
3. wigual looding
14 levels)
a4, npen rigid driv-
ing
b, ear Tollowing
v, e [ollowing ot
minimum anfe dig-
tance
4. sigming denaity
. low
b, high
Fal A controlled valida- 1, to detecinine the Depirndent Variablos 1-T0 befween
tion study using spood maximum sight dis- L. moximun sight SH 28 and 5R
limit nigms, tances from which n distances at the 142 {Iwefore
mlgn could e rend initiation of driver this section
while driving coptrol response of 1=-T0 was
3, to determine rela- T, slin eviluation open lor traf-
tionanip of alght dis- mERAU e fic)
tance to visual noulty
af drivera Independent Variables
A, b dete rnine the I, gprod prior bo
gffect af lateral reaponae Lon spead
placement of signs Limit slgn (4 Ievels)
o e glgn raading 2. helght of lelters on
belaviora of drivers spoed lmit signy 42
Berwae 15
G, lateral pogition
of eign 12 leveols)
F-1i An cxplotatory study L investignte the pos— Dependent Variahles 1-270 south-

[or investigetlonat
gign reading by oxtra-
Faveal viminn,

athility ol sign resding
by extrn-foveal vision
while driving for the
validstlon of assumption
used In the devetoped
methodnlogy

BT

amount ol messare
read by the driver

location of fixation
paint (3 bevels)
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Table 1.1 (con't)

F4

A study for the ¢val-
uakion of siga changes
on =94,

ter ppply the developed
muethodology for eval-
unting sigm changes
made by the Ohlo
Department of High- Independeot Variabiles
ways on 1-90 in Cleve- signing differences
land w, old algning

b. oew signing

sigo evaluation meu-
BUrTa

1-80 in Clevies
land hetwesn
Libeerty Hled,
and Babbitt Bd.

A study for determin-
aton of Tr«e d using
Programmable Be-
search Sign

Dependent Variables
Trr‘.‘:qd - minimum_time
{in seconds) required
ta aequire required
information from the

1o determine minlmum time
necedsry o acquire required
information from o sign while
driving

sign
Indepencdert Varlables

1. length of meossage
o. lines (2 levels)
h. words (2 levels)
2, fnmiliarity {2 levels)
3. type of lnformation
needed

SR 33 (ooe mile
gection east of
Scottslawn Rd.
emtrance ramp

A study Tor the lnves-
dgntlon of effects of
sequentiol and multiple
slgms.

to ipvestipate the cffect of the
Totlowing two variables on sign
reading behavior of drivers:
l. mimber of signs per looation
(multlple signe)
ii, number of loeatons of algn
{oT signs) per exit (gequenae af
alge)

Dependent Varisbles
gign evaluation mea-
Bl

Indepondent Variablea
1, number of sigis per
loention {3 levels)

¥, number of sign lode-
tions per exit (1 levels)

1-270 and T-70

F-1

& gtady of slgning in
Akron,

Lo determine effects of signing
praviding information conflicting
to highway geometrics on sign
reading beluvior of drivers

Uependent Variables
mign eynluation mea-
sures

Independent Varlabies
gromelric conligurations
L, right nand turns for
continuing on highways
oo left hand side
L1, left hand turna for
continulig on highwave
an o right heand side
11, left hand cadt

1-808, 1=77
nd 1-277

|
]
[

A gtudy of gigns of
special lnterest

Lo stucly slgn reading behiviory
of deivers under signing siiun-
tions of the following type:
i, generakly regarded as
“ponfuslog
i, apecizl merging signs
ul, dlaprammetlc signs

Dependent Variables
slam evaluation mensures

Indepeimient Varishics
Aipmnirg sitwations

JCT of
b, SR 40 and
T=T1 on weat
side of Calum:
Lz
i, T=270 and
1-T1 inter-
change on sauth
side of Colum-
bary | ared
i I-70 fwaat)
at B 78 [soully
vxil
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Tahble 1,2

Summary of Laboratory Experiments

Study
Na

Tlitle of the Study

Objectives of the Sludy

Dependent and [nde -
pendenl Variables

L~1

A study for preliminary
investigation of Treqdbl’
tachestoscopic presenta-
tions of signs.

to determine effects of length
of message and familiarily on
minimum time necessary to
read standard hiphway signs

Dependent Variable
= No. of tachesto-
scopic exposure of
0.01 sec. duration
required to read
message presented
on the sign

Independent Variahle

1. length of message
in number of lines
(4 levels)

2, familiarity
(3 levels)

L-2

A study for determination
of Treqd by using lahoratory
eye-movement recorder.

to determine if data on Trc—qr:l
obtained by using laboratory
setup can be compared with
ditz collected in a similar
experiment (reforence study
no, F-53) conducted under
actual driving situations

Dependent Variable
= minimum time {in
seconds) required Lo
aequire required
information from a

Eign

Independent Variahle
1. length of message
a, lings (2 levels)
b. words (2 levels)
2. familiarity (2 levels)
d, type of informational
need (3 levels)
4, position of needed
information on the
5ign {4 levels)

A study for relating Treqd
with amount of message
acquired from signs,

to determine relationship
between amount of time spent
in reading signs and per-
centage of total mesaape
acquired

Dependent Variable
No. of tachestoscopic
expogures of 0,200
sec, duration,

Independent Variable

1, length of message
displaved on a sign
(3 levels)
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The majority of driver eye movements inthis researchwere collected under
experimental conditions such that the subject drivers were totally unaware of the
objective of this research. The drivers under field studies were only given [ree-
way entering and exifing instructions and nothing was mentioned to them about the
signing, The collection of driver eye-movement data, thus, enabled the researcher
to obtain unbiased (instruction free) data on the sign reading behaviors of the drivers
over 2 time, TField studies F-2 and T-5 (sce Table 1,1) included testing under
controlled situations where specially designed research signs were erected and
employed with the cooperation of the Ohio Department of Highways.,

The three laboratory studies in this research were conducted primarily
to investigate the effect of message content and informational need of the driver

on the minimum time necessary to acquire information from a sign.

Resulis

Chapter IV presents the description, data analysis, and results obtained
from all the eleven studies conducted in this research.

Summary of Hesults

The analyses of the data obtained from the eleven studies conducted in
this research has provided many interesting relationships between the sign
reading behaviors of the drivers and many different factors related to the
characteristices of the signing, of the drivers, the hichways, and the traffic
situations. The resulfs when pul together provided a unique opporfunity in un-
covering the mechanism involved in the understanding of the sign reading behaviors
of drivers. The understanding into how various different factors influence the
siem reading behaviors of the drivers provide a basis for the implementation of
the methodology for both the evaluation and the design of highway signing,

The results, in general, indicate that the values of the majority of the
evaluation measures and the relationships between different measures are
significantly affected by the following factors,

1. Tactors related to differences in signing characteristics:

a, letter size,

b. length of messapge,

c. relevancy of message with respect to exifing or route
following instructions,

d. Lype of mounting,

e, number of signs in a sequence of signs presenting the
same roule guidance information, and

f. multiple signs(number of signs at a location),
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2, Factors related to drivers (i,e., factors responsible for inter-
subject and intra-subjects diferences)

a. characteristically different sign reading behaviors of
individuals (e.g., some drivers were found to be habitually
sampling excessively at the signs than others),

b. binocular visual acuity of the driver's visual field,

¢. characteristics of driver's informational needs (i.e.,
type of information needed, urgency of the informational need),
and

d. driver familiarity with the highway.

3. Factors associated with visual load on the drivers:

a, traffic density - car-following dermsands, and

b. special driving instructions (e.g., in one of the studies
the driver instructions were: "Stare at the lead ecar as
much as possible and exit at Cleveland Avenue, ™).

4, Factors related to highway geometry (i.e., the relation of the
characteristies of signing to the characteristics of the geometric
design of the highway)

4, signing at the most commeonly designed highway geometric
situations (e.g., standard right hand exit), and

b. situations where signs present information contradictory
to the geometric hichway design (e.g., signing requiring
a turn to the South in order to eventually end up going North).

Before presenting the results obiained in this study in detail, it seems
important to acquaint the reader with the range of values of the measures con-
gidered for the study,

Five subjects were used [or the data collection in this research. Their
binocular foveal visual acuities ranged between 20/15 to 20/35. In general, the
50th percentile values of the measures Trax, Tfand Te for standard freeway
signs and traveling at about 60 mph, respectively, ranged between 11 to 16
seconds, T to 10 seconds, and 1 to 4 seconds.,

Table 1,3 summarizes the results illustrating the effects of some impor-
tant independent variables on the sign evaluation measures,. Il should be noted
that the arrows in this table show the directions in which the sign evaluation
measures were found {o be related with increases in the value of each of the inde-
pendent variables.,
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Table 1.3

Summary of Results Illustrating the Effect of Independent Variables
on the Sign Evaluation Measures

—
| The effeet of un inccease in the valuo of the indepondent variable
i [ndepeadent Varazble on the stgn evnhotion MeLsres
;_? _E { factor | |
Tz Tised Tg | T T Tma:li”f T/ T iged
1 Traffic density || F-2 | F-1 F-1 A Fel
{open road drivimn Feh LA |1-'-r:' | F-4 1A
to car following) §F-7 pF-T | Far
2 Sigmng relevincy
{i.a,, relevodcy of IF-1 iF—I t]—'- 1 F-1
gign Lo the driving LE-t HAR f NAE 4. F-i
task) (oot relevant -
portaining to roule)
] Type of informatonl | JF=3
necd L-& NC NC NC M R
4 DELYET LTRency basu-
cinted with obtaelng NONA 1'r'—4 IHCPNA | NE/NA * F-d N SHA
snformation Trom the
algn
Fad
5 Driver femaliarity with T-3 LF--‘» F-i .*F‘--I. ‘ F-4 LA
the higlway (o7 =HEHs) L-% 1
L-2
] Averame hmainr locs- F-r 1
tion of the sign from 1F-= LFﬂ' I"F--l F-1 1'F-11 HAT
1 ! i
the path ol twe vehicld |
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sequenct of SignE S s -3 sF =4 S .y | e F-4
F-f -6 F-f F =& F-4 F-d
H Poaition of u 4ign in 4
group of fmultiplel signe (=F-7 F-7 =F =T LeF-1 - o= SAE
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and sixe of ledors)
11 Amount of meaaage e | P-4
worids, lines and letders) HES: Raiwe MA/ R
on the sign gnd rmeseage L-1
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| I I
HnLaTIon: 1 Wolup ol 3o evalusiloh MOsUTE e reases with ipcTensy in the
witlee of independent varinhie

Valar of atgn evalintion measare decteases with Inerene (o the
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In the following pages some of the important and more specific results
are presented briefly.

1.

L]
"

It was found that the variable Ty (defined as the maximum time-
distance from which a driver actually begins to acquire resolvable
information from a sign) is the "key" variable for both the evalua-
tion and design of road signs. This is primarily because how a
driver acquires information from the sign was found to depend
highly upon when he begins to attend to the sign. The period

(Tf - Teplr) denotes the time that is available to the driver to
read the signs until he passes the sign. Therefore, depending
upon the driver's informational need, the driver had to adapt

his sign reading behavior in the period (Tt - Tephlr) lo obtain
required amounts of information from the sizgn.

The measures Tmax and Tf were found to be significantly and
positively correlated. (See Table 1.4.) The positive correlation
between Tf and Tmax suggests that Tt is related to the factors
that are associated in determining Tmaw. The primary factors
that are needed for the determination of Tpay are as follows:

a., maximum letter size(i.e., the highest size letier on the sign),
b, visual acuity of the driver,

c. velocity of the vehicle, and

d. location of the sign with respecl lo the driving lane.

The ratio Tmaxr‘"rf was [ound to he a good descriptor of the sign
utilization by the drivers;i.e., if Tmef is equal to 1.0 this
would mean that the driver can begin to acquire information from
the sign as soon ag il is legible, The higher the value of Tma_\'f Ty
is, the less is the utilization of the information availability of the

sign.

a. The ratio Tmax/Tfwas found to increase as the
visual load on the driver's information acquisition pro-
cess increased. It was found that the values of the ratio
Tmaxfo under car-following situations were higher when
compared to the values of the Tma,x ;’Tf for the same drivers
under open road driving situations. (See Figure 1.5.)



Tahle 1.4

Summary of Correlation Between the Measures

d

Tf,ﬂ_ﬂd T

max* used
Study Abstract of Tuas T i and Tmax:
Number Experimental and T T and T i
Condition f used used
F-1 | open road driving 0.3291%+* 0.3077* ~0.0466
normal car following 0.2973%* 0.3780%* ~0.1069
‘ car following at min- 0.2412%%% | 0,5334%F% | -0.16025
imum safe distance
| Signing on 1-90
-4 01d Signs . 552%kkEE 0.186%* 0,064
New Signs (), G4 2F**F 0.415%+* 0, 1874 %%
F-6 car following under 0.505%%% 0.6R4**H 0.268
instructions tostare
at the lead car
F-7 | under conditions of 0.497* to 0.416% to 0.48* to
difficult route selec- 0.769* 0.902# 0.853%
tion in moderate to
heavy traffic density
Notation; p = significance level
# = p<0,23
#* = p<0,10
b p o« ﬂl {JE
wmkkk = |::| o {}.Gl
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Figure 1.5.-=[lustration of the Effect of Tralfic Density
on the Measure Tmax‘“{ T P




b.

Ca

The ratio Tmax/T§was found to decrease with increase
in driver urgency in obtaining information from the sign.

The values of Tynax/ T, in general, were higher for side-
mounted signs as compared to the over-head mounted signs,

4, The manner in which Tygesg was found to be related to different fac-
tors is as follows.

a.

The measure T gg was found to be significantly and pos-
itively correlated to Ty, indicating that if Ty is higher, a
driver can spend more time in obtaining information from
the sign. (See Table 1.4.)

Sign Relevancy: If was found that Tygpq increases with
increase in relevancy of the information presenied by

the sign in relation to the driver's objectives. (See Figure
1.6.)

The measure Tyged was found to be related to visual load on
the driver due to traffic situations. More specifically, it
was found that as the traffic density increases, the time that
is available for the drivers to obtain information from the
signs decreases. (Sce Figure 1.6.)

It was found that T, ;.4 depends upon the amount and type of
information the driver needs, The measure Tyged was found
to increase with increase in length of message presented on
the sign. Further, it was found that values of T 5.4 were
higher when the information required by the driver was
displayed on the sign as compared to when the displayed
information did not contain the information required by the
driver,

Effects of Sequential Signs: If was found that in a sequence
of signs such as, (1) X Road, Exit 1 Mile, (2) X Road, Exit
1/2 Mile, (3) X Road, Exit Next Right, the values of Ty guq
for the first sign are generally higher than the values of T gaq
on the subsequent signs, except for the last sign (or signs)
where a major control action such as exiting or lane changing

iz required.
Positionefa sign in a group of (multiple) signs at a location:
When a driver approaches a group of signs the values of T.

used
were found to be governed by the following factors:
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. 2.0
| |
l b=

1.04

0.5+ |

Mean values of Tygpq in seconds — =

; ]

Sigm Helew.nc:.}

. NR NP PR NR NP PR NR NP PR
"-—.ﬂ,__.__./_ " I % - -

T

I'ype

Open Road Driving Driving in moderate to Car following at minimum
high traffie density safe distance

Increasing traffic density ——=

Note: NR = gigns that are "Not Relevant'; i.e., the driver does not need
information from the sign to continue on the highway
NE = Nat Eertajniug to route; i.e., the signs that do not pregent
information pertaining to route or destination
PR = Pertnining to Route; i.e., the 8igns that present relevant
information pertsining to route or destination

Figure 1.6.--Histograms Showing the Effect of Signing Relevancy
and Traffiec Dengity on Tosa d (from Study F-1)
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i. natural tendencies of the drivers in relation to
driver objectives and positional expeclancy of
relevant signs, and

i1, it was found that a driver wanting to continue on the
highway (i.e., in "Thru Tratfic") generally spends
more time looking at the signs on the left hand side,
whereas a driver wanting to exit generally spends
more time on looking at signs on the right side.

Familiarity of the driver with the highway: It was found that

as the driver gets familiar with a sign he requires less time

to obtain information from the sign. It should be noted that
Tused was found to be negatively correlated to driver familiarity,
but if the signing is inadequate, poor or confusing at low levels

of inereasing familiarity, Tused was not found to increase with
increage in familiarity. (See Figure 1.7.)

T was found that the drivers do not just concentrate on a sign
(after Tf) until they obtain the requirved information from the
sign, but they share their time after Tt between the sign and
objects on the road. It appears that under normal freeway
driving situations; i.e., under low to moderate visual loads,
and for adequate signs the driver time-shares with the signs
such that the 50th percentile values of T;/Tgaq lie between
3.00 to 4,00,

The drivers, in general, do not read all the information dis-
played by a sign but make trade-off decisions hetween amounts
of information to be acquired from the sign and time to be spent
in performing other driving tasks.

As the relevancy of signing with respect to the driver's infor-
mational need increases the values of T;/T, geq decrease.,

The minimum time necessary o acquire required information
from a sign was found Lo be related to different variables as
follows:

i. Trch decreases with increase in driver familiarity.

i, Typgq inereases with increase in the amount of mes-
sage read by the driver. (See TFigure 1.8.)



2.07
2.04 ] '
i
T 1.5+ -
)
o
=
=
o
&
!
=
'ﬁ 1
%
= 1,07
En
L
=]
k!
g
ﬁ |
S 0.54 ' ,
|
1]
Familiarity —F1 72 F1 F2 T1 F2
Level " y ; X > s = v .
From study F-4 conducted From study I'-4 con~- Irom study F-5 con-
onold substandard signs ducted on improved ducted on SR 33 (Columbus)
on I-90 in Cleveland signs on I-80 in using a programmable
Cleveland research sign
Note: Il = no familiarity (represents the situation of unfamiliar

driver)
low familiarity (represents the situation of an unfamiliar
driver driving second time on the test route)

FZ

Figure 1.7.--Histograms Ilustrating the Effect of Driver Familiarity on Tyged
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iii, When a driver is looking for a specific information;
€.8., destination, such as how many miles is Eddy
Road, the minimum time necessary to obtain such
information depends upon the position of that infor-
mation on the sign. If was observed that the drivers,
in general, read the signs [rom top to bottom, There-
fore, if the required information is displayed on the
top line, Treqd is the smallest,

iv. When the information needed by the driver is presented
on the sign, the driver, in general, requires less time
than if the required information is not presented on the
sign, (See Figure 1.8,) Turther, it was found that
when a driver is searching for specific information on
a sign, the minimum time necessary to search and
acquire the information, in general, increases with
increase in the amount; i,e., words and lines displayed
on the sign. (See Figure 1.8,)

1. When the difference (Tygeq = Treqq) 18 negative, it would
indicate one of the following possibilities:

i, driver reading only a partial message from the dis-
played message on the sign, and

ii. familiar driver;
a. [amiliar to the highway, and

b. familiar due to more complete reading of the
preceeding signs,

m. The sign reading behaviors of drivers driving on unfamiliar
road under "confusing" (or contradictory signing) and
"inadequate" signing situations had the following characteristics:

i. high values of T, /Ty (over 2,0),

ii., low values of T;/T,..q (less than 2,5), and

ii. very low values of T;; f.e., T. approximately equal

to Teplr-
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Notation: IN1 = searching for milage number for a given destination
IN2 = searching for a given destination when it was displayed
along with other destinations
IN3 = searching for a given destination when it was not displayed
on the sign

Figure 1,8, --Graph Illustrating the Effects of the Number of Words
Displayed on the Sign and the Type of Information Need (IN)

of the Drivers on T
reqgd
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Implementation of the Results

The results obtained in this research, in general, provide information
in understanding how drivers obtain information from the signs under different
driving and signing conditions. Therefore, as stated earlier, the problem of
the evaluation of the signs can be effectively solved if a proper match hetween
the sign reading behaviors of the drivers, the characteristics of the signing, and
related variables such as traffic density, highway geometry, ete., is achieved.

When all the results obtained in this research are assembled, they sug-
gest that the most important variables associated in determining the degree of

match between a sign and the sign reading behaviors of the drivers are as follows:

1. Ty (defined as the maximum {ime distance from which the driver
first begins to acquire information from an approaching sign),

2, Tgaplp (defined as the minimum time distance from which a driver
can obtain information from the sign),

3. qud {defined as the minimum time necessary for the driver to
obtain the required information from the sign), and

4, T,geq (defined as the time during which a driver obtains or can
obtain information from a sign).

The above four variables, when further analyzed in relation to the following
variables, provide detailed information on how a driver shares or utilizes the time

period (Tg ~ Topip)t
1. the difference between T, ..q and Trequ
3. (Tf - Teple)/ Traqqe and
4. the relationship between Ty and Tp,,., when considered by the
ratio T /Ty, provides information about the driver urgency
and utilization of the sign information availability.
The characteristics of good signs can therefore be briefly presented as

follows. The value of T, should be sufficiently high such that for an unfamiliar
driver:
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1. the ratio Tygeq/Treqd Should be close to 1.0 (note: under higher
visual loads),

3]
.

the ratio Ty/Tgaq should be large; i.e., at least approximately over
3.0, and

3. the ratio Tnmxf'hrf should be close to 1.0.

It should be noted that as Tmasx/Tf increases it indicates decreased util-
ization of the availability of the visual information displayed by the sign. Further,
smaller values of Tj/Tysed show increased concentration of the driver on the
sign in his time-sharing process with the sign and other driving tasks. Foran
unfamiliar driver, if the ratio Tysed/Treqd is smaller than 1.0, it would indicate
partial reading.

Since there exist inter-subjects and intra-subject differences in the sign
reading behaviors of the drivers, it is extremely difficult to make inferences
about the adequacy of a sign just by observing data of one subject. Therefore,
it is recommended that the data on sign reading behavior of many subjects for
the sign to be evaluated must be collected, and based on the characteristics of
the distributions of the above developed measures, inferences on the "goodness"
or "adequacy' of a sign should be drawn.

From the distribution functions of the sign reading behavior of a driver
the following estimates can be obtained in relation to certain preestablished
criteria values such as Kgf, K%, . . ., Kg*.

1. Evaluation of information availability:
Estimate of the probability that Ty, = Kp*

2, Ewvaluation of sign utilization and driver urgency:
Estimate of the probability that T, /T =K *

3. Ewvaluation of the completeness of
Estimate of the probability that T, .4 = Kz*
(Note: Kgo* can be selected as a suitable percentile value
of the Treqd obtained from the distributions of T qu.}

4. Ewvaluation of the time-sharing process:
Estimate of the probability that TifTused =Kyt

Estimate of Kq* - K * where Kq* is the theoritically computed
value on the estimate of the time-sharing process as follows:

Kg* = (Tf - Teplr)/ Treqd-

[k |
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In general, it can be stated that the higher values of the above described
probability estimates would indicate better effectiveness of the sign.

It should be noted that in this research the data on the sign reading behavior
of drivers under many different driving situations was obtained to gain an under-
standing into how the values of the sign evaluation ratio are re lated to different
variables involved in the problem of the evaluation of the signs. From such an
understanding the critical values of the variables Kg*, Ki* . . . . Kq* would
be selected for both the evaluation and design of a road sign for matching the
characteristics of the signwith the sign reading behavior of the drivers under
the traffic and highway situations existent on the vicinity of the sign.

Current highway signing standards presented in the Manual of Uniform
Traffic Control Devices for Streets and Highways do not provide sufficient infor-
mation to a highway engineer for designing highway signs.

The sign design guidelines presented in such manuals provide information
to a highway engineer that only makes him aware of the considerations such as:

1. use of safety factors to account for driver imatiention, and
2, time associated in reading the sign, etc,

The findings of this research when further investigated and implemented
would provide quantified information on many such considerations that are cur-
rently merely deseribed as guidelines without mathematical explicitness in the
Manual of Uniform Traffic Confrel Devices.

Tor example, some of the findings of this research offer solutions in the
following directions in designing signs by considering sign reading behaviors of
the drivers,

1, This research has shown that the 50th percentile values of T mﬂ.xr’J Ty,
under normal traffic conditions and lower visual loads lie in the
neighborhood of 1,5; whereas, under higher visual loads (due to
higher traffic density) the 50th percentile values of Ty, /Ty tend
to lie over 2.0,

This result clearly indicates that if the signs have to be designed
by considering the driver's sign reading behaviors, a highway
engineer should not merely consider the legibility distances but
should take into account the factor T .,/ Ty (obtained for the level
of tratfic density on the highway where the sign would be installed).

B2
M

This research has shown that the time required by the driver to
obtain information from the sign is dependent upon the factors such as:
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a. length of message displayed on the sign, and
b. type of informational need of the driver, cte.

Therefore, based on this research and future research in this
area, some estimates of Tregd and Tysed can be provided to a
highway engineer for better design of the signs.

3. Further, in this research it was found that the drivers do not just
concentrate on the sign to obiain information, but they time share
with the sign. Therefore, standard values of T/ Tygeq for dif-
ferent driving and signing conditions can be established for better
design of the signs,

The above discussions were presented only for the purposes of illustra-
tion. It appears that a more complete and detailed implementation of this
research would lead towards developing schemes and guidelines for both the
evaluation and design of road signs.

A research contract entitled, "Implementing Sign Research Results Into
Operational Practices," (Project EES 407B) was awarded to the Systems Research
Group to continue research work in this area. The specific ohjective of the
research work in Project EES 407B is to implement the results obtained in this
research study along with other findings available in the areas related to the
problem to develop an operational tool that can he used by a highway engineer to
solve the signing system design and evaluation problems. The research work pro-
posed in the Project EES 407B is being aimed at developing a4 computer model
which will, (a) take into account all the necessary design and operational factors
(such as highway geometry, traffic flows in each of the lanes, the range of sign
reading behavior and visual capabilities of drivers, etc.) and their relationships
and (b) perform calculations to provide (1) detailed signing system design, (2)
measures deseribing "zoodness" or "effectiveness" of the design and (3) determine
costs that will be incurred in building, installing and subsequent maintenance of
signs if a signing system designed (or existing designs improved) under such
specifications is actually put into practice.

The above described computer model will have two basic sub-models:

1. to implement the research results for evaluating road signs, and

2. to implement the research results for design of new signs,

Figures 1,9 and 1,10 briefly describe examples of possible schemes in
which the results obtained from this research study can be implemented to solve

the problem of evaluation and the design schemes would show some eriterion
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values (such as, Kg*, K%, Ko®y vovoe ete. ) which will be established by reanalysis
of the data obtained from this study.

Tor example, for the evaluation of a road sign (see Figure 1.9) the estimates
of the following measures will be considered:

=
H

152
.

(i

probability that Tya = Kg"
probability that T ./ Tf =K%
probability that Ty/Tygeq = Ko™
probability that T ..q = Ko™ and

L

1t should be noted that, in general, the higher the values of the ahove
five measures the better the sign. Of course, the relative importance of each
of the above five measures and selection of the criterial values will have to be
considered in defail.
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Study the sign reading behaviors
of drivers for the sign under con-
ditions of known driver informa-
tional needs
|

|

Determine distribution

functions of T under
that i_u.furmatﬂ:?ﬁﬂ need
for the sign

Determine a suitahle

percentile (e.g., B5th)

value of T = Kg*
reqd

Compute

(T¢ - Teh]rjﬂr&qd = Kg*
Note: The above ratic
would be computed by
considering suitable
percentile values of

the measures T¢,

Teblr and T reqq

¥
Determine distribution

functions of the following
/ sign evaluation measures

for the sign: Tmayx, TF,
Tes Tusedr Tmax/Tf
and Ti/Tysed

&

L

Distribution functions Evaluation of the
of Tpyax information avail-

ability- Estimate
probability that
Trax > Kp*

Distribution funetions _ | Evaluation of aign

of T e /Ty utilization - Esti-
mate the probabil-
ity that

LTmef S

Distribution functions Evaluation of the

of Ti/Tuged time-sharing pro-
CEss
Estimate the proba-
bility that

Ti/Tysed SKg*

Distribubon functions “Evaluation of com-
ol Tiyqng pleteness of sign
reading - Estimate
the probability that
TLLEI ed =K 2"r

I Kg* - Kg*

[Evaiuaﬁon of the sign %"—

Figure 1,9,--Flow Diagram Showing a Scheme for the Evaluation

of a Road Sign
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Determine functional requirements
* ot the sign

Select the following

1 design criteria . ’

Select message to be displayed on

the sign

Estimate Ko* =a suitable percentile
|— value of qudie.g. , B5th percentile

l __*.-‘alue}

Prob.: Thseg =Ba™ ™ Design value of Ty 504 ‘
; |
Prol. (15 Tyged —Fa™) —-]_Eesign value of Ti]

_ T ebir i

| Make necessary
Prob. (Tynasx/ Tt EKQ*}}— = Tinax adjustment in
criteria and
message selec—
tion

| !

Design: 1. letier sizes
2, longitudinal
location of
the sizn

Fiigning costs and driver—"'% Cost-Benefit Model }-—-Resuiection of de—\
benefits criteria l sign parameters

Acceptance of the design
parameters

Figure 1,10,--Flow Diagram Showing a Scheme for the Design of a
Road Sign
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