Chapter TV

STUDIES ON HIGHWAY SIGNING:
DESCRIPTION, DATA ANALYSES AND RESULTS

The purpose of this chapter is to present detailed descriptions and results
of the eight field studies and three laboratory studies conducted in this research.
The field studies are numbered F-1 through F-8 and the laboratory studies are
numbered L-1, 1-2, and L-3.

Study F-1

Title: A Study for Developing Data Base on Sipn Reading Behaviors of Drivers

Objectives: The primary objective of this field study was to collect driver eye-
movement data under different signing and traffic conditions to generate a data
base that could be used to enable the development of assessment techniques to
relate road sign characteristics to driving performance,

Since prior to this study almost no data was available on the sign reading
behaviors of drivers, the [ollowing independent variables were considered for
this study.

1. Relevancy of signing to the driving task
a., Relevancy type NR (Not Relevant): Signs that are not
relevant; i.e,, when a driver does not need information
from signs to continue driving on the highway.
b. Relevancy type NP (Not Pertaining to Route): Signs that
are relevant but do not present information pertaining to

route (or destination),

c¢. Relevancy type PR (Pertaining to Route): Signs that pre-
sent relevant information pertaining to route (or destination),

2. Type of Mounting
a. standard side mounted signs

b. standard overhead mounted signs
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3. Visual loading related to traffic conditions

a, open road driving: This condition can be considered to
resemble low levels of traffic densities,

L, normal car following:s This condition can be considered to
resemble medium to high levels of traffic density.

c. car following at minimum safe distance: This condition
can be considered to resemble high levels of traffic density.

4, Signing density

a. low (defined crudely as highways having less than 5
individual directional signs per mile on the average)

b. high
DESCRIPTION OF THE STUDY

Overview: In this study, eye-movement data and driving-performance data for
five subjects were collected on different sections of Interstate 71 under the fol-
lowing two types of instructions,

Instructions of Type [: Under these instructions, the driver was
asked to drive on the highway in a normal manner at about 50 mph
until he was given further insiructions either to pull over on the
shoulder of the highway or to take an exit. The route guidance signs
encountered by the driver under the following instructions that

were not relevant (NR) [or the driver,

Instructions of Type II; Under these instructions the driver was
asked to drive in 4 normal manner at about 50 mph and was asked
to exit at a specified exit.

The route guidance signs encountered by the driver while
driving under the above insiructions (i,e., Type IT) thus can fall
into the following two categories: a) signs that are relevant but
do not present information pertaining to the exit (NP), b signs
that present relevant information pertaining to route (PR).

The above two types of instructions were presented in the following
three types of driving conditions
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1. open-road driving,

2. normal car following (In these runs the driver was further
instructed o drive behind another vehicle in a normal man-
ner, The lead vehicle usually did not exit at the exit that
was specified to the driver under instructions of Type II.)

3. car following at minimum s:ufe distance, (In these runs the
driver was further instructed to drive behind a lead vehicle
and maintain minimum safe distance. The lead vehicle in
these runs did not take the same exit under instructions of
Type I11,)

Test Route and Signine on the Test Route

For this study two sections of Interstate 71 were chosen. Section I was
used for open-road driving runs and Section I was used for car-following runs,

Section I extended from Stringtown Road south of Columbus to U, S, Route
41, also south of Columbus, This section of roadway consists of two lanes of
pavement in each direction. The road handles low density traffic with the
exception of rush hours when traffic density is appreciably greater. Signing on
this section of roadway is mounted along the side of the road, A typical sequence
of signs designed to furnish information about a freeway exit on this section of
roadway normally consists of three signs. These include:

1. A large side mounted sign located one mile from the exit
indicating the name of the exil, the route identification of
the exit road, and the fact that the exit is one mile away.
Some of these signs also include lower panels which indicate
how far away the next exit beyond the one immediately ahead
is located,

2. Another large sign mounted beside the road shoulder indicating
the name of the exit, the route identification of the exit, and an
arrow indicating & move to the right is necessary in order to take
the exit. These signs are normally positioned about ,15 miles before
the exdt,

3, Finally, a small sign located in the gore area features the word,
EXIT, a sequential exit number and an arrow indicating that a
move to the right is necessary in order for the driver to make
the exit,
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In addition to these signs, all of the exits have a fourth sign (located
hetween the first and second signs described above) which indicates whether
gas, food, or lodging are available at the next exit. These signs are mounted
beside the road shoulder. An example of this type of signing sequence is shown
in Figure 4.1, Each of the signs on this section of freeway occurs by itself
(i.e,, the message furnished by one sign is presented at a time when no other
sign can be read, although in many instances the next sign can be seen), An
exception to this occurs with the last two signs in the sequence, When the
driver is still capable of reading the sign located about .15 miles from the
gore area, he becomes able to read the EXIT sign located in the gore area.,
The signs of this sequence were, therefore, considered to occur in areas of
"low signing density."

In contrast to this area of "low density' sipning, the Bection I chosen
for the study had "high density" signing., This area consisted of a4 section of
Interstate 71 within the boundaries of the city of Columbus, Ohio, and running
from Fifth Avenue to the northern intersection of I-71 with 1-270. Traffic
density on this roadway is moderately heavy through the day and extremely
heavy during the rush hours at the beginning and the end of the working day.
Sequential signing for purpose of indicaling a given [reeway exit is mounted
on overhead supports for the most part., As on the rural section of [-71
deseribed previously, information is presented in steps,

A normal design of signing for an exit on this section of [reeway would
include the following signs:

1. An overhead sign indicating the presence of an exit 1/4 mile to
1 mile ahead.

2. An overhead sign indicating the presence of an exit and an arrow
to indicaie that a move Lo the righl is necessary to make the exit,

3. A sign in the gpore area indicating the presence of an exit and an
arrow indicating that a move to the right is necessary Lo make
this exit,

In addition to these signs, other signs are present which indicate next exits, lanes
for thru traffic, and the exits to take for places such as The Ohio State University
and Port Columbus International Airport. An example of the signing encountered
at one of the exits on which data were collected on this section of highway for
Phase I of the research is given in Figure 4,2, (Note: The sign sequence pre-
sented in Figure 4,2 i5 encountered where the driver is exiting at 17th Avenue.)
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Mount Sterling
London
EXIT 1 MILE

NEXT EXIT 10 MILES]

GAS-FOOD
LODGING
NEXT RIGHT

Mount Sterling
London

Dl

EXIT

37 M

Figure 4. 1. --Typical Sequence of Route Guidance Signs Encountered on I-71
South of Columbus in Study F-1
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17th Ave

EXIT1 MILE

Hudson 5t

>4

SPEED

LIMIT

60

Trucks50

MIN

40

17 th Ave

o

Zanesville

Springfield

JCT 2 MILES

11th Ave

EXIT %y MILE

Figure 4.2, --Typical Sequence of Route Guidance Signs Encountered on I-71 in
Columhbus, Ohio
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For purposes of the research, the sipning on this portion of the free-
way was considered to occur in an area of "high density signing" (i.e., more
than one sign was usually available to be read at any one time).

Summarv of Test Runs

The test runs conducted on the above two sections of the interstate high-
ways can be summarized under three driving types of driving environmental situ-
ations (or driving conditions); i.e., A, B, and C, as shown in the matrix in Figure
4.3,

In this study twenty test runs were conducted for each subject, Out of the
twenty test runs, ten were conducted in driving condition of type A and five test
runs were conducted in both B and C types of driving conditions, A run included
all the signs that a driver encountered while traveling under a specified set of
instructions,

For example, one of the runs in type A driving condition consisted of
a study of sign reading behavior of subjects for the signs on I-71 (south) between
Stringtown Road and U, S, Route 62 exit, In this run, a subject entered the
freeway at Stringtown Road and was given the following instructions,

We would like you to drive this car as you normally
would at about 50 mph on this section of {reeway and
exit at the U, 8. Route 62 exit, If you desire to
change lanes, tell us and we will let you know if it is
safe to do so. Are there any questions ?

Any questions that the subject drivers had were answered as concisely
as possible. The portion of the instructions concerning the lane changes was
included to prevent the subject from making excessively large head movements
while wearing the eye-movement camera equipment,

These instructions required the driver to pass the S, R, 665 exit before
encountering the U, 8, Route 62 exit, The signing for 8., R. 665 was considered
to be of type NP because it indicated to the driver that no change in performance
was required while the signing for U, 5. 62 was considered to be of type PR because
it indicated to the driver that he should leave the freeway, (Note: In these
instructions and all other instructions employed in this research the word "sign"
was nol mentioned hut the drivers were required to process road sign informa-
tion.)

A more detailed description of the instructions, signs on the test route
and experimental conditions in this study are presented in Appendix C of the
interim report on this project,
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The data collected in the twenty runs for each subject were later categorized
to obtain information corresponding to each of the cells of the matrix in Figure 4.3,

Results

The data obtained from all the test runs was analyzed by using SEADEM I
to obtain sign evaluation measures and ratios. The sign evaluation measures
and ratios were further analyzed to determine the effects of different independent
variables considered in this study, and the results are discussed below.

1. The Effect of Visual Loading Due to Traffic Density on the Sign
Evaluation Measures

Fipure 4.4 presents the values of means and medians of the measures
Te, Tyand T, oblained by ageregating data collected over all signs and for
all subjects in the driving conditions of type A, B, and C. The data presented
in Figure 4,4 clearly indicates that the car-following situations;i.e,, conditions
B and C have a marked effect on Ty than the remaining two measures, when com-
pared with the data obtained under conditions A, Statistical analysis of the data
on Ty showed that Ty is significantly smaller (p < 0,001, considering t-tests)
under car-following situations when compared with open road driving situations,

On the basis of the above finding it can be stated that with inereased visual
loads due to car-following; i.e., at higher levels of traffic density, the drivers
tend to begin to acquire information from the sign late; i.e., Tr decreases, as
compared to the open road driving situations,

2. Correlation Between Sign Evaluation Measures

In order to determine relationship between the basic sign evaluation
measures; i.e., Ty, Ty, Tygeq and Ty .., correlation coefficients for the
three conditions were evaluated.

The important results obtained from the eorrelation analysis are pre-
sented in Table 4,1, The interpretation of the results presented in Table 4.1
suggest the following ;

1, The amount of time that is available for a driver to obtain
information from a sign; i.e., Ty, is significantly correlated
(and increases) with Tp,... Tt should be noted that T, ... is
primarily a function of the following variables:

a. the driver's visual capahilities,

b, maximum letter size on the sign,
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Type of Driving T T; T
Condition

| 4,16 9,83 18,75
(B
A
3.5 10.0 11.5
i —i- e A .
3.74 6,87 13,43
{ ® @- ®
B
1 2.9 T.0 13.0
3,40 G,70 1280
| ® @ @
C
3.5 7.0 13.0
s -
0 time before passing sign (in seconds) —
Notation: @ : Mean of Tg (&) : Mean of Ty
B :Medianof T & : Median of Ty
tMeanof Ty, o

@ : Median of T .o

Figure 4.4.--Means and Medians of T, Ty, and Tm:LX Obtained
by Aggregating Data for All Subjects for All Signs in the
Driving Situations of Type A, B, and C in Study F-1
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¢. velocity of the vehicle, and

d. the location of the sign with respect to the
driver's path.

2. The measure, T,g.q, is significantly and positively related to
Tf and it is independent of T, ..

3. When the above two findings are considered concurrently with
the previous finding that Ty decreases at increased levels of
traffic density, it is evident that Ty is the most important
variable in both; i,e., in the understanding of the sign reading
behaviors of drivers and in the evaluation of signs,

Therefore, in order to gain more insight into the sign reading behaviars of
drivers, the distributions of each of the variables were obtained.

Figures 4.5 through 4, 8 present 15th, 50th, and 85th percentile values
of the measures Ty,../Tp, Tusags Ti/ Tysags and Ta, respecitively. Observation
of the percentile values presented in the above mentioned figures suggest the
following .,

1. With increase in visual loading T, .. /T; increases
and T, ..4 decreases, (See Figures 4.5 and 4.6.)

2, The measurcs TifTused and T, do not appear to be
influenced (in any noticable trend) by the type of
driving conditions. In other words, it appears that
the time-sharing behavior of the drivers and the
time distance at which they STOP time-sharing with
a 8ign is much more stable as compared to the effect of
driving conditions (or loading) on Ty.

The variability in the above data can be further attributed to the following two
factors:

1. sequential aspects of signing, and

2. type of relevancy of signs with respect to the
driving tagk,
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Tahle 4,1

Correlation of Sign Evaluation Measures

t Correlation Coefficients for driving[
Measures conditions types:
Correlated

A B A
Tmax 20d Tg (0.3291** 0,2973% 0.2412%*
Ty and Tygeq 0.3077 0,3780% 0.5334%%*
T ax 80d Tygeq -0, 0466 -0, 1069 ‘ -0, 16025

Note: i) Sample sizes used for computing the above correlation
coefficients (P's) ranged between 30 to 75.

ii) Hypothesis tested
Hp: 2> 0 vs Hy: P=ED
Notation of significance levels
*2 P* 0,10

*: p= 0,05
#tk. p< 0,001
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2.0 2.0
1.5
|:l.{} ——1.0 —"1.0
A B c

Driving Conditions

Figure 4.5.--Effect of Driving Conditions on the 15th, 50th, and
85th Percentile Values of T _ /T,

4,0

= 1.903] F 2.0 el
ﬁ} {mean) . .

.-és i 1.3

i |
o 1.0
5'; 0,881 B L

- ; 0.8649
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Driving conditions

Figure 4.6, --Effect of Driving Conditions on the 15th, 50th, and
85th Porcentile Values and Means of Tuse d
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used

T, (in seconds)

10.0

10,3

2.0

4,0

3.0

L 11,0 1.0

A

B C
Driving Conditions

Figure 4,7.--Effect of Driving Conditions on the 15th, 50th, and

85th Percentile Values of Ti;’T

used

8.5 6.5
: 6.0
o VAR 13,5
2.5
i|
| 1.0 . |1.0
| N
A B C

Driving Conditions

Tigure 4,8, —Effect of Driving Conditions on the 15th, 30th, and
85th Percentile Values of Tc
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3, Some Effects of Sequential Sisning on the Siegn Reading Behaviors
of Drivers

Figure 4.9 presents the percentage of signs read; i.e., for which
Tused > 0, as a function of the number of the sign in the sequence in a trial in
the three types of driving conditions. The number of a sign in the sequence was
defined as the serial number of sign location in which the driver encountered a
sign (or signs in case of multiple signs at a location) counted from the beginning
to the end of a trial. (See Figure 3.4 for illustrative definition of sign location
number; i.e., the number of sign, in a sequence of signs.) The data presented
in Figure 4.9 is obtained by aggregating the data for all subjects and over all
trials in each of the types of driving conditions.

In the driving condition of type A, the sequence of signs in all trials was
as follows {see TFigure 4.1):

1. sipn indicating exit 1 mile ahead,

2. "Gas - Food' sign,

3. sign indicafing exit "Next Right", and
4. exit sign,

The percentage of signs read by the drivers in the above type of sequence
were B6, 54, 75, and 100, respectively, for each successive sign (see Figure
4.9). This clearly shows that the drivers generally read the majority of first
signs in the sequence and then other signs in the sequence were looked at
depending upon their importance in relation to the driving task. The curves
shown in Figure 4,9 for driving conditions B and C are difficult 1o interpret
on the basis of such aggregated data primarily because the trials in driving
conditions B and C required drivers to pass an average of 4 to 6 sign locations
before arriving at the instructed exit . (See Figure 4.2 illustrating four sign
locations in a trial.) Turther, it should be noted that under these driving con-
ditions the number of signs at each location varied from one sign to three signs.
However, from the data presented in Figure 4,9 for the conditions B and C,
the following suggests two important resulis.,

1. The first signs in a sequence of signs are generally read by
the drivers much more than the later signs., Further, it
should be noted that the percentage of the signs read and the
time spent by the drivers in reading the signs appears to be
highly correlated, (See Table 4.2 and compare with data in
Figure 4.9.)
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Percentage of signs read — =
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80

a0

70

60

50

40

30

SR i . .
) '3 4
Number of Sign in the sequence in a trial

i

urT

Notation: @ Driving Condition A
B Driving Condition B
W Driving Condition C

Figure 4.9, --Percentage of Signs Read as a Tunction of Number
of Signs in the Sequence
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Tahble 4.2

Mean Values of T ;4.4 85 a function
of Number of Sign in the sequence

Number of e

Sign in the Driving Condition

Bequence A B I
1 2 672 1.165 0.682
2 0.668 1,055 1,331
3 2.176 0.342 0.378
4 1.359 0.698 0.446
5 - 0,283 1.099




(5]
.

The subsequent signs are not generally looked at as often
(i.e., lesser percentages of the subseguent signs are read)
and the time spent on these signs are also lower, except

when they require a major control action such as exiting

or lane changing (i.e., when the subsequent signs encountered
are of type PR). The above statement can be supported on

the basis of data presented in Table 4,3,

It should be noted that the above two findings were obtained for the signing
sequences in which the messages consistent with the first sign were presented on
the subsequent signs. The results, therefore, would not be necessarily true if
the subsequent signs do not present messages consistent with the first sign in
the sequence.

4, The Effect of Signing Relevancy on Sign Evaluation Measures

Table 4.3 presents the percentages of sign read as a function of the
driving conditions and the relevancy of signing with respect to the driving task.
From the data presented in this table, the following conclusions can be drawm:

1, As the visual load due to traffic density is increased the per-
centage of signs read by the drivers decreases.

b

As the visual load (due to traffic density) is increased,
drivers tend to disregard signs which are not relevant to
thelr driving task.

3. Ingeneral, the drivers sample information from more signs
which present them information pertaining to the route (or
destination) as compared to the signs which do not present
information pertaining to the route,

Table 4,4 presents mean values of the basic measures defining sign
reading behaviors of drivers as a function of driving condition and the type of
relevancy. On the basis of the data presented in this table, the following con-
clusions can be drawn:

1. The measure Ty does nol seem to be influenced by type of
relevancy but is highly affected by driving condition; i.e.,
visual loading, (From Table 4.4, note that the mean values
of Ty are smaller over all three types of relevancy types in
conditions B and C as compared to the mean values of T
for corresponding relevancy types in condition A.)
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Tahle 4.3

Data Olustrating Percentages of Signs Read as a Function of Driving Conditions
and the Relevaney of Signs with respect to the Driving Task

Type of Driving Condifion

Relevancy A B C
MR

(Not Relevant) 85,2 78.7 37.5
NP

(Mot Pertaining to Route) 54.5 62.5 64,3
PR

(Pertaining to Route) 50,0 75,0 891.0
All Bigns

(Agegregated over all

types of relevancy) 7.2 T0.0 9.9
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2, The drivers generally spend less time looking at the signs
which do not give relevant information to perform the driving
task; i.e., signs of type NR. This finding can be supported
by observing the mean values of Tyged for relevancy type
NR for all the three driving conditions and comparing these
values with the mean values of Tyuseq for relevancy types
NP and PR for the corresponding driving conditions in
Table 4.4,

The differences in the mean values of Tyg.q between relevancy types NP
and PR, presented in Table 4.4 do not appear to show any discernable pattern.
However, the differences between the signs of type PR and NP were observed in
the driver's time-sharing processes with the signs and other tasks in driving.

Figures 4.10 and 4.11 present data in illustrating the differences in the
time-sharing processes of drivers in reading signs that present relevant infor-
mation in relation to the driving task. From these figures, the following con-
clusions can be drawn.

1. The signs which provide positive information; i.e., of type
PR, require high time-sharing activity. This is illustrated
in Figure 4.10, which shows that the 50th percentile values
of Ti/Ty5eq are smaller for signs of relevancy type PR as
compared to signs of relevancy type NP,

2. Tigure 4.11 shows that the 50th percentile values of T;

for signs of relevancy type PR are larger than the signs

of relevancy type NP,

3. The above two findings when considered concurrently suggest
that the sipns which present information pertaining to the
driving task are very highly time-shared; i.e., they are not
only time-shared with higher concentration but also over
longer time intervals.,

4. Under higher visual loads (due to traffic) the increase in Ti
(for signs of relevancy of type PR) is generally achieved by
shortening T,;i.e., T[ appears to be unaffected,

The position of the signs of relevancy type in the sequence of signs is
another important variable and even though it is studied in greater depth in the
study F-6, some insights can be gained on the sign reading behaviors of drivers
from the data obtained in driving condition B and C. Tigure 4,12 presents the
percentages of signs read as a function of relevancy of sign and the number of
gign in the sequence, The data presented in this figure suggests the following,
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1. The emphasis of signs of relevancy type NP, in general, decreases
with the number of sign in the sequence as compared to signs of
relevancy of type PR.

2. In the test routes used for the condition C, the 5th and 6th signs
were generally the last signs that the driver encountered before
exiting, The data, therefore, suggestis that just prior to the
major control action, the importance of signs of hoth types
increases; i,e., the percentages of signs read increases as
a sign location approaches a major control action.

Finally, it should be noted that the independent variable "Type of Mount-
ing' could not be investigated on the basis of data in this experiment and this
was primarily because of the finding that visual leading affects the sipn reading
hehaviors of drivers much more drastically as compared to the type of mounting,
and the two variables;i.e,, 1) the visual loading, and 2) the type of mounting
were confounded in this study, Therefore, the isgsue of side-mounted versus
overhead-mounted signs was investigated in the study F-4.

Study I'-2

Title: A Controlled Validation Study Using Speed Limit Signs

Objective: The primary objective of this study was to determine the maximum
sight distances from which a sign could be read under actual driving situations.
The sight distances obtained from this study were used for the investigations of
the following:

1. to determine the relationship of visual acuity of the test
subjects to their maximum sight distances,

2. to test the assumption that the visual angle subtended by
the letters should be at least 5.5 times the foveal resolution
angle to form a resolvable image of the message displayed
by a sign (It should be noted that this assumption was used for
the analysis of the driver eye-movement data in the computer
program SEADEM I and II,) and,

3. to determine the effect of lateral placement of signs on the
sign reading behavior of drivers,

DESCRIPTION OF THE EXPERIMENT

It should be noted that this experiment was described in detail in the
interim report of this project; therefore, on the following pages the experiment
and the results are described as briefly as possible. An interested reader is,
therefore, referred to the interim report of this project for more details.
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In this experiment two sets of speed limit signs of the R-10 type were
used, These speed limit signs were specially designed by the Ohio Department
of Highways, The first set of signs were of size 24" x 30" and the speed limit
numbers on these signs were 10" high and of type D, The second set of signs
were of size 48" x 60" and the speed limit numbers were displayed on these signs
in 16" high D type letters. DBoth the sels consist of the following four speed
limits: 20, 30, 50, and 60 mph,

These signs were erected on a newly built section of I-70 before it was
open for traffic. The drivers in this experiment were asked to drive in a specified
lane and to change the speed of the vehicle to the speed displayed by the speed
limit signs as soon as they were able to read the numbers on the signs. TFour
subjects were used in this experiment and they were asked to drive on a test
route four times, Along the test route, four speed limit signs were erected,
and after each trial the signs were changed in order to remove any effect due
to the familiarity with a sign at a given sign location. The subjects drove in
different lanes and thus the effect of lateral distances of the speed limit signs
on the maximum sight distances could be evaluated.

During this experiment the eyve movements of the drivers were obtained,
The eye-movement data were synchronized with an oscillograph recorder on
which velocity of the vehicle and gas and brake pedal deflections were recorded.
In order to determine the exact instant at which a driver passed a speed limit
sign, the experimenter pushed a button when passing each sign which caused a
step change on a separate trace on the oscillograph paper,

Results

The maximum sight distances required for the analyses were obtained by
observing the gas and brake pedal deflections made by the driver as he approached
the speed limit signs. The driver eye-movement data was primarily obtained to
verify if the drivers were constantly staring at the sign until the specified speed
limit number was perceived, Trom the data, the visual angles subtended by the
speed limit numbers at the time the driver made a control response; i.e., released
the gas pedal when the displayed speed limit was smaller than the speed prior to
approaching the sipns, or pushing the gas pedal down when the displayed specd
limit was greater than the speed prior to approaching the sipn, were obtained,

The results obtained from this study were as follows,

1, The visual angles subtended by the speed limit numbers
at the sight distances at which the subjects initiated the
gas pedal response, in all the trials, ranged between
4.9 to 5.7 times the foveal resoclution angle of the test
subjects. This linding, thus, supports the assumption
that about 5.5 times the resolution angle is necessary to
resolve the message displayed by a sign.
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9. It was found that with increase in the lateral distances of
signs (from the path of the vehicle) the horizontal distances
qvailable for reading the signs decrease, The relation-
ship between a decrease in longitudinal distances with an
increase in lateral position obtained in this experiment
was found to be comparable to the relationship that one
would have obtained hy considering the geometric con-
figuration and the visual acuity obtained under static
situations.

3, Perhaps the most important implication of the above
findings is that visual acuities obtained under stalic
conditions can be related to sign reading under dynamic
visual environments in driving situations with fairly good
accuracy.

Study F-3

Title: An Exploratory Study for the Investigation of the Possgibility of
Sign Reading by the Extra-Foveal Vision

Objective: As mentioned earlier, during the preliminary analysis of the data
collected in the study F-1, it was observed that the drivers could read the signs
by their extra-foveal vision, The determination of the measures Ty, Ty, T oo q (8€€
Chapter TT) was, therefore, also based on the consideration of the resolvability
of the message on the sign in the extra-foveal portion of the drivers visual field.
Sinee in the literature there is considerable controversy in understanding the

role of extra-foveal vision in sign reading and also the fact that no studies in

this regard have been found in the literature that are conducted under actual
driving situations, it was decided to conduct an exploratory study. There is no
doubt that more research is required to understand the role of extra-foveal vision
in sign reading.

DESCRIPTION OF THE EXPERIMENT

This experiment was conducted on a newly built southwest section of the
Columbus Outerbelt (I-270). This section consists of overhead-mounted signs,
and it has four lanes (2 lanes in either direction), Two subjects were used in
this experiment, namely subject KR and RH. Each subjectdrove past ten selected
overhead signs on the test section,

During each of the trials, the subject was asked to drive hehind a lead

car and was asked to maintain a constant headway of 100 feet. In all the trials,
the lead car was driven at 40 mph, The headway between the two cars was
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monitored by using a device called "yo-yo." The description of the "'yo-ya"

device can be found in Rockwell and Snider (1970). During the trials the subject
was asked to constantly stare at a target placed on the lead car. (See Figure 4,13.)
The target was mounted at a height of 4,97 feet from the surface of the road.

Thus, when the subject drove behind the lead car at exactly 100 feet and stared

at the target, his visual axes were located at 1" above the horizontal plane

(parallel to the surface of the road) and passing through his cyclopean eye position,
The seat of the subject car was so adjusted that the eye height of both the drivers
was approximately 3.5 feet from the surface of the road.

In addition to the task of headway maintenance and the task of staring at
the target, the subject was instructed to read the overhead signs and to report the
perceived message on the sign. Il should be noted that it was emphasized that
under no circumstances the subject was to move his eyes from the target. Since
it was necessary lo keep the headway between the cars as close to 100 feet, the
experimenter constantly monitored the headway on a display mounted in the sub-
ject car and provided the subject feedback when the headway was outside + 10
feet headway bandwidth,

Table 4.5 shows that under the above described geometric configuration
the message displayed on the sign in 16" high letters could be resolvable to the
subject in the extra-foveal portions of his visual field., It should be noted that
foveal vision approximately occupies a circular field of 0.8% radius around
the visual axis, The values of the angles y and o (r) presented in Tahble 4,5
are computed in the same manner as described in Chapter II. It should also
be noted that in developing the methodology (Chapter II) it is assumed that the
letters on the sign could be only resolvable if they subtend angles greater than or
equal to 5.5 times the resolution angle on the part of the retina where the image of
the letters falls. Table 4.5, thus, shows that under the geometric configuration
used in this experiment the image of the standard 16 inch high capital letters on
the sign could be read only by the extra-foveal vision when the driver is within
300 feet of the sign.

During all the trials of this experiment the eve movements of the drivers
and the headway data were recorded. The collected eye-movement data was
later observed to check if the subject performed the task of staring at the target
while approaching a sign, The headway daia was used to check the headways
while approaching a sign.

Results

The verbal responses made by the subjects were recorded by the experi-
menter, In all the trials of the two subjects in which the headways and the
visual axes of the subjects were at the required experimental levels (or positions),
it was found that the subject could usually read part of the message presented in
16" high letters.,
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Table 4.5

Nlustration of the Analytic Determination of the Possibility of Sign Reading
by the Extra-foveal Vision as Considered in the Developed Methodology

Longitu-  Angular lo-|Eccentri- Hesolution |Can the
dinal dis- pation of thgcity angle ¥ angle letters he
tance of thegign=196 3 =7 B.D o {n} in Tead?
driver from|e =tqn (assuming {in minutes| minutes of| Yes, if
the sign=x {%h_ } the subjectiletters on | of arc) arc
in feet Note: staring at ?'}’_F. 5 an)
Z = 20 feet| 0°, P) "%Fg{lgtes Fad
50 187 15° 179 15 87 15,80 8,50 YES
100 97 23r 8% 291 45 8,18 5.40 YES
200 4° 421 3% 49 23 4,18 3.05 YES
300 37 g 2% o 15 2,72 2.55 YES
400 2% 21 19 211 12 2.18 1.90 NO
500 1° 557 55/ ] 1.63 1,52 NO
600 1° 33! 33’ 8 1.45 1.20 NO
700 19 19" 19 6.7 1.21 1,00 NO
500 12 171° 11° 5.7 1.03 0.86 NO
900 1% o 2 5.0 0.91 0.71 NO
1000 53 -5 4.7 0.85 0.80 NO
1100 51' -g! 4.0 0,72 0.84 NO
1200 47" -13" 3.8 0.69 0.90 NO
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Ilustration of the Results Obtained from the Study F-3

Table 4.6

Sign Number

The Message on the Sign

The underlined letters
(or words) were per-
ceived by the subject
under the experimental

trial.

Tl
Columbus
Cincinnoti
Jet 1 MILE

(L)

G2
Grove City

Georgesville Road
EXIT 1 MILE

Georgesville Road
RIGHT LANE

b

Roberts Road
EXIT 3/4 MILE

RBoberts Road
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Table 4,6 presents some illustrations of the resulis obtained from
subject KR's data, From the data presented in the Table 4.6, it is obvious to
note that if the message displayed on the sign was familiar to the driver, he
could easily read it, in spite of the blurred image of the message on the driver's
retina. Forbes (1969) also reports the similar findings that the familiar mes-
sages on the signs can be read from higher sight distances as compared to the
unfamilinr messages.,

The results of this experiment, thus, in general, support that road signs
can be read by the drivers in their extra-foveal vision,

Study -4
Title: A Study for the Evaluation of Sign Changes on I-90 in Cleveland

Objective: The primary objective of this study was to apply the developed
methodology to evaluate the sign changes made by the Ohio Department of
Highways on the Memorial Shoreway (I-90) in Cleveland. In this study the
signing on an eight mile section of 1-90 between Liberty Boulevard and Babbill
Road was studied, Around the middle of 1970, the Ohio Department of High-
ways replaced old signing on the above mentioned section of I-80 with new
improved signing,

Research Approach

The approach taken for evaluation of sign changes was to collect driver
eye movement and driver-performance data on this section of road under identical
conditions (i.e., using same subject, under identical subject instruction, and
under similar traffic conditions) both before and after the sign changes were
made, The data obtained in the above two sets of runs; i.e., before and after
the sign changes were made, was then analyzed by using the computer program
SEADEM I and the sign evaluation measures were compared to evaluate the sign
changes,

Desgion Differences Betwoeen 0O1d and New Signs

Table 4.7 presents a summary of design differences between the old and
new signing on the section of I-90 used for this study. PFor more detailed des-
cription of the sign changes an interested reader is referred to the plans
{Cuyahoga County, CUY-90-20,72) prepared by the Ohio Department of High-
ways,
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Table 4.7

Differences in Physical Characteristics of Old and New Signs

Characteristics 01d Signs New Signs
Type of Mounting Side Mounted Overhead
Number of Signs Per Location One One to Three
Number of Signs Per Exit Two to Three Tour
Length of Message on a Sign: 1-4 lines
(59% signs with 2-3 lines
one line messare)
Number of Lines:
mean 1.41 2,40
std. dev, 0.79 0.66
Numher of Words:
mean 3.33 5.45
std. dev, B 2,23 2.04
Number of Letters and Numbers:
mean 9,60 19.35
std. dev, 6,592 7.05
Sizes of Letters and Numhbers 16T, CE2M,. e, 5, 187, 1af,
on Signs 4", (majority of signs | 12", 10"
had 12" capital letters) | (standard)
Approximate Average Avea of 430 saq, ft. 110 sq. ft.
a Sign
Total Number of Longitudinal 22 aT
Locations of Signs on the Six
Test Routes
Total Mumber of Signs on the b 57

Six Test Routes
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DESCRIPTION OF THE EXPERIMENT

Five college age male subjects with normal vision participated as test
drivers in this study. All the five drivers were so selected that they were
unfamiliar with the Cleveland area, The data for the test subjects was collected
under the two types of signing conditions; i.e., 1) prior to sign changes and
2) after the sign changes. Each subject, thus, was taken two times to Cleveland
for data collection and these two trips for each subject were made at an interval
of about six months. The data under the conditions of old signing was collected
between January, 1969 to May, 1970, and the data under the new signing conditions
was collected between September, 1970 to January, 1971, Due to very heavy
traffic on weekdays on I-90, all data for this study was conducted on Sunday
mornings.

Each subject under each type of signing condition had to make two con-
secutive runs on the selecied test route on 1-90. Each run consisted of the fol-
lowing six trials. (See Figure 4.14.)

Trial 1: Entering I-90 ecasthound at Liberty Blvd,
and exiting at Eddy Road.

Trial 2: Entering I-90 eastbound at Eddy Road
and continuing on I-90 until further
instructions.

Trial 3: After passing the exit of E, 140th Street

while traveling easthound, the subjects
were instrueted to exdt at Babbitt Road.

Trial 4: Entering I-90 westbound at Babhilt Road
and continuing on I-90 until further instruc-
tions,

Trial 5: After passing the exit of £, 185th Street

while traveling westhound the subjecis
were instructed to exit at E. 152nd
atreet,

Trial G: Entering 1-90 westbound at E. 152nd Street
and exiting at Liberty Blvd.

(Note: The signs encountered by the drivers while driving on the test sections
defined by the six trials are presented in Appendix A.)
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1-80

Bahhitt Road

K. 222nd Street

E. 185th Street
West

E. 152nd Street

E, 140th Street

Eddy Road

Liberty Boulevard

Figure 4,14, ——Section of Memorial Shoreway (I-90) Studied
in Study F-4,
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A run, thus, included the above six trials and it essentially covered the
entire section between Liberty Blvd. and Babbitt Road in both directions, At
the beginning of each trial in each of the runs, the subjects were given instruc-
tions, The instructions only included information about the {est route; i.e.,
the subjects were either told where to enter and where o exit or they were
simply asked to continue driving until further instructions. It should be noted
that all the subjects used in this experiment were unaware of the true ohjective
of this study; i.e., the subjects were told that it was a study to determine how
the vehicle handles on the test section of the highway, the the word "sign' was
not mentioned to them in any of the instructions. For more detailed descriptions
of the testing procedure, subject instruetions, and the details of the signs, an
interested reader is referred to the interim report of this project (Rockwell,
et al.; 1870).

The subject instructions for the six trials in a run were different. The
instructions for the trials 1, 3, 5, and 6 required the drivers to exit, whereas,
in trials 2 and 4, the subject instructions did not include exiting instructions;
i.e., they were merely asked to continue driving on the highway. Therefore,
the signs encountered by the drivers in each trial had different relevancy;
i.e., relevancy of sign in relation to the driver's informational need, The signs
therefore, could be classified into three mutually exclusive types of relevancy,
namely, 1) the signs that were not relevant (NR) to perform the instructed
driving task, 2) the signs that did not present information pertaining to the
route (NP), and 3) the signs that presented information pertaining to the route
(PR).

Table 4, 8 shows the combination of independent variables into which the
data obtained in this experimeni can be subdivided for the purposes of analysis.

Resulis

The data obtained for each of the trials conducted for all the five suhbjects
in this experiment was processed by using the computer program SEADEM I,
The output of the program SEADEM I consisted of the sign evaluation measures
and ratios for every individual sign in each of the trials.

At the time when the interim report on this project was written, the
results presented on this study were based on the analysis of the sign evaluation
meagures obtained for only two subjects, After the preparation of the interim
report, the data for the three remaining subjects was analyzed., The results
presented here are based on the complete data obtained from this study. How-
ever, while presenting the results in this report, an attempt is made to avoid
repetition of the results and the data which were described in the interim report.,
An interested reader is, therefore, suggested to refer to the interim report for
a more complete understanding of the results and their implications.
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Table L, 8

Matrix Depicting Combination of Independent Variables
Considered for Study F-4

Signing Condition
0Old Signs New Signs
(Before Sign Changes) [ (After Sign Changes)
Level of
familiarity Fi F2 1 F2
NR
Type of NP
Relevancy PR
Note: Fl= no familiarity (represents the situation of unfamiliar driver)
Fa= low familiarity (represents the situation of an unfamiliar
driver driving second time on the test route)
NR= signs that are "Not Relevant;" i.e., the driver does not need

information from the sign to continue on the highway

NP=  Not Pertaining to route;i.e,, the signs that do not present
information pertaining to route or destination

PR= Pertaining to Route; i.e., the signs that present relevant
information pertaining to route or destination
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The results discussed in the following pages are presented at three levels

of increasing sophistication.

Each successive level of the presentation of results

is so considered that it allows the investigation of the effect of increasing number
of independent variables and their combinations in a systematic manner. The
purpose of the analyses in the three levels is as follows:

Level 1:

Level 2:

Level 3:

to determine important differences
between old and new signing by aggre-
gating data for all subjects over all
trials and all the signs in each trial,

to determine the effect of the type of
relevancy of signing for old and new
signs by aggregating data over all
trials and all subjects, and

to determine the effects of driver famil-
iarity and the length of message on a sign
as a function of signing relevancy, and
the signing condition; i.e., old and new.

Turther, while presenting the results the following two aims were con-

sidered:

1. Results of Level 1 Analvsis

«0 present results that would provide more understanding
into the sign reading behaviors of drivers, and subsequently
contribute towards the enrichment of the methodology, and

to present the observed differences in sign evaluation measure s
and ratios as a function of the characteristics of old and new

signine,

1.1 Contributions Towards Understanding Sign Reading Behaviors of Drivers

In order to gain understanding into the sign reading behaviors of drivers
two separate correlation matrices were evaluated by considering the basic sign
evaluation measures; i.e., Tmax, Tused, Tf, and Tg, by agrregating the data
over all trials and all subjects for the old and new signs. The only measures
that were significantly correlated were found to be Tpya., Tugeds and Ty, The
correlation coefficients are presented in Table 4.9, The results obtained here
were similar to these obtained in study F-1 and they are as follows:
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Table 4.9

Correlation Coefficients Obtained by Aggregating Data
for All Subjects over All Old and New Signs on I-80

o Measures Correlated
Signing
Condition Tmax and Tf T f and Tuse d Tms_x and luse d
Old Signs 0.352%%* 0.186%* 0,064
New Signms 0. 64 2%+* (),415%** 0, 197%**

Note: 1. The sample sizes used for obtaining the above correlation

2.

R =

Hﬂl:
¥ = p < D10
g < 0.01

1
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Hypothesis tested: (Note: 2 = correlation coefficient)
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I. 'I'f is significantly and positively correlated with Tmax’ and

2. T goq 18 significantly and positively correlated with Ts.

The above results, thus, support the previous finding ([rom study F-1) that

the sign reading behaviors of drivers are heavily influenced upon T¢. The
results show that the measure Ty (i,e., the time-distance of the driver from

the sign at which the driver begins to acquire information from a sign) is related
t0 Tiyaxs Which in turn is derived from the following four factors:

1. maximum letter size on the sign,

2. location of sign with respect to the driver,
d. velocity of the driver, and

4. visual acuity of the driver,

The above results, therefore, strongly suggest that as a driver approaches
2 sign, the time-distance from which the driver begins to acquire information from
the sign depends upon the detection characteristies of the sign (which is no doubt a
function of the variables 2, 3, and 4) and also on his understanding (after the
detection) about the size of the maximum letter size (from the unresolved image
of the letters on the sign just after detection).

Turther, in the study F-1, it was found that Ty and T, g4 wWere significantly
and positively correlated., The correlation coefficients presented in Table 4.9
suggest that for the new signs the measures Tf and T\ 4.4 Were significantly and
positively correlated, however, for the old signs the correlation between T¢ and
Tuseq Was low and also significant at low confidence level, Somewhat similar
results were also obtained for correlation between Tiax and Tygoq for the old
and new signs. (See the last column in Table 4,9,)

These differences in the significance of the correlation between Ty and
Thneds 00T 0. and Tgeqds thus, indicate differences in the sign reading
behaviors of drivers due to the differences in the old and new signing,

1.2 Indications of Differences in Sign Reading Behavior of Drivers as a
Funetion of S8igning Differences

Figure 4.15 presents the 15th, 50th, and 85th percentile values of the
measures Ty, Ty, and T, From the figure, it is obvious that these dif-
ferences in the correlations discussed above must have been primarily because
of higher values of Tiyax for new signs as compared to the old signs.
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1,3 Increase in the Perceptual Time Shared with New 3igns

Figure 4,16 shows that T for the new signs was much higher as com-
pared to the old signs and this increase was due to the two following reasons:

1. values of Tf were higher for the new signs as compared to the
old signs (see Figure 4.15), and

2, wvalues of T, were shorter for the new signs as compared to
the old signs (see 15th and 50th percentile values of T, in
Figure 4,16), This appears to be primarily due to the
differences in the type of mounting of the signs. The over-
head mounting characteristics of the new signs thus appear
to be responsible for the reduction in T.

1.4 Reduction in Driver Urgency and Visual Loading due to New Signs

Observing the data presented in Figures 4,17, 4,18, and 4,19, the fol-
lowing conclusions can be drawm.

1. The 85th percentile value of Ty, . /Ty for new and old signs
were respectively, 9,0 and 2,0 (see Figure 4,18). This
suggests that if the ratio T, /Ty is considered as a
measure for the driver's urgency for acquiring information
from a sign, then new signs can be considered to decrease
drivers urgency as compared to the old signs,

2. For new signs the values of T;/T,qoq Were higher in spite
of inerease in T o4 for new signs as compared to the
old signs. In other words, the increase in T} was much
higher as compared to inerease in Tyseq for the new
signs. This suggests that the time sharing activity of the
drivers under new signig was relaxed or was less con-
centrated (or less loaded). The new signs thus show a
definite tendeney in unburdening the drivers; i.e., the
drivers under the new signs do not appear to be pressed
for time to obtain information from the signs as compared
to the old sipns,

1.5 Increased Detectability of New Signs

Figure 4,20 presents percentage of signs that presented resolvable infor-
mation to the drivers (i.e., the signs for which Taiaq ™ 0

117



13.5

II
|
9,0 950
! |
A ]
L |
)
£ |
=1 :
&
)
o
=
2
- 4.0 4.0
H
L 1.5
Old Signs New Signs

Figure 4,16, --Fifteen, Fiftieth, and Eighty-Fifth Percentile Values

of T, for 0ld and New 2igns on I-90
5.0
T8
=
=
o
4k]
]
'-Ew 2' D
T T 3 -
o 1,0
0.5 i 0.5
ld Signs New Signs

Figure 4.17.--Fifteen, Fiftieth, and Eighty-F ifth Percentile Values
of T for Old and New Signs on I-90

118

used



T}naqui

T}fTchd

]

8.0

2.0

1.5 1.5

1.0 1.0
Old Signs New Signs

Figure 4,18,--Fifteen, Fiftieth, and Eighty-Fifth Percentile Values
of T __.f’Tf for Old and New Signs on I-30

o Ehd)
8.5
4,0
2,5 5 0
ll.' "
Old Bigns New Signs

Figure 4,19, --Fifteen, TFiftieth, and Eighty-Fifth Percentile Values
of T;/T geq for Old and New Signs on I-90

1159



Considering the overall percentages of signs read by the drivers while
driving under old and new signing conditions, it is clear that the drivers read
6,8 percent more signs (i.e., 82.7 - 75.9 = 6.8) after the sign changes. This
suggests that the new signs were easy to detect as compared to the old signs.

2. The Results of the Level 2 Analyses

2,1 The Effect of Type of Signing Relevancy

For the analysis of Level 2, the data obtained for the old and new signing
was further categorized according to the type of relevancy of the information
displayed by the signs with respect to the subject instructions.

Figure 4.20 presents data on the percentage of signs of each of the three
relevaney types which provided information to the drivers (i.e., the percentage
of signs for which T ,qog = 0). Figures 4,21 and 4, 22 present mean values of
Tused for the three levels of signing relevancy for the old and new signs, res-
pectively. If should be noted that the means of Tyged, presented in the above
two figures, were computed by considering the signs for which Tygeq was
greater than zero. From the above mentioned three figures the following con-
clusions can be drawn,

1. Al the signs are not attended by the drivers with equal emphasis.
The signs which provide information pertaining to the driver's
intended destination or route are atitended more than signs which
do not give information pertaining to the route., PPurther, the
signs which do not give any relevant information to the drivers
are read with the lowest emphasis,

2. The percentages of signs read for all the three relevancy
types were higher for the new signs as compared to the
old signs, This shows that the new signs were easily
detectable,

3. Tgeq is 2 function of relevancy of sign to the driver.

4, The mean values of Tyged obtained for each of the relevancy
tvpes for the new signs were higher as compared fo the old
signs of the corresponding relevancy type.

2.2 Differences in Correlations Between Ty, Tg, and Ty 5-q 25 2 Function
of the Signing Relevancy

Table 4,10 presents the correlation coefficients between the three hasic
measures: 1) T .., 2) T\ 5.q, and 3) Ty, for each of the types of relevancy for
both the old and new signs.,

120



= 657 §4,6 f“
77.3 -
'r’gw 9 73.5 § |-ﬁ|
! b I
\ | A ‘ |
| \ |
N i N
\! I I\ll i | .
N N ]
f N B ‘ N
2 N % |
% ‘ | N || | |
g | L\ | i | | :\\ { i | i
& ks I i AN ' | .
g N | N\ ||
E‘l \l | ! i I
o N
£ N1
N |
Relevancy Sf;ia
type NI NP PR : NE NP ].Z‘Ii‘l
01d Signs New Signs

Figure 4,20.--Perceniage of Signs Read as a Funcilion of the
Relevancy of Signing to the Driving Task
for Old and New Signs on I-90

121



T 1,331 1,348
| 0.922

s |

=

=

=]

b

al

m

=

=

=t

£

Relevancy type NE NP PR

Figure 4,21. ——Mean values of Ty goq for the three levels
of signing relevancy for old signs on I-90

2,446
1,794
1.652
s}
=
=
S
o
@
ut
5
=
o
o
=
E.
Relevancy type NR NE PR

Tigure 4,22, --Mean values of Tygegd for the three levels
of signing relevancy for new signs on [-90

199

AP



The results of the correlation coefficients suggest the following.

1. The sign reading behaviors of drivers for the old and new signs were
different, Even though the measures Tgx and Tt were significantly
and positively correlated in both the signing conditions, for the old

signs Ty and T4 were not significantly correlated. These results

further suggest the following:

a., The correlation between Tigy and Tt appears
to a more basic relationship in understanding
the sign reading behaviors of drivers.

b. Since Ty and Tge.q Were not correlated for
the old signs, it suggests that the values of
Ty were much smaller and the values of T
were larger (see Figure 4.15). The drivers
had to adapt the stressiul condition by con-
centrating their time-sharing process (as on
the average the value TifTused was smaller
for old signs as compared to the new signs).
{See Figure 4,24.)

¢. Further, the 85th percentile value of T, .. /T¢
for the old signs of relevancy type NR were
much shorter than the signs of relevancy type NR in
new signing, (See Figure 4.25.) This suggests
that since the old signs did not provide adequate information,
the drivers looked at the signs which did not provide
relevant information with inereased urgency; i.e., smaller
values Tmaxf T;. This behavior could have been a result
of the drivers desperate attempts to acquire the required
information due to insufficient signing information pro-
vided by the old signs.

2.3 The Effect of the Location of a Sign in the Sequence of Signs on the Sign
Reading Behaviors of Drivers in 0ld and New Signing Conditions

Figures 4,25 and 4, 26 present the data on sequential aspects of the old
and new signing, respectively. Inthese figures, the percentage of signs read
by the drivers (i.e., the signs for which T, .4 > 0) as a function of the number
of sign location in the signing sequence are presented. In each of these figures
three curves are presented., The three curves represent the data for the fol-
lowing: 1) for all signs;i.e., by aggregating data over signs of all the three
types of relevancy, 2) for the signs of relevancy type PR, and 3) for the signs
of relevancy type NP. Tor the signs of the relevancy of types NP and PR, the
mean values of Tgeq are also presented in these figures.
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Correlation Coefficients Obtained for Old and New Signs

Table 4.10

as a function of the Relevancy of Signing to the Driving Task

Relevancy MEASURES CORRELATED
Signing | of signs to = —
Condition | thedriving | Ty, and Ty Trand Tyges Pax
task used
NR 0.606%** 0.265 0,249
Old Signs NP 0,402%* 0,326%* 0.008
PR 0.611%*= 0.052 0,052
NI 0.563%** 0, &7 TH*E 0,146
New Signs NP 0. 713%+* 0.260%%* 0, 180**
PR 0.6h3*e* 0.360%%* 0. 245%*
Note: 1. The sample sizes used for obtaining the above correlation

cocfficients were as follows:
for Old Signs: 20 to 45, and
for New Signs: 67 to 123,

3

Notation of significance levels:

Hg: =0
*=p =0,10

#**zp =0,01
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Before drawing conclusions from the data presented in the two figures,
namely, Figure 4.25 and 4. 26, it should be noted that there was considerable
difference between the sequential design characteristics of the old and new
signs (see Appendix A for details) and this primarily is due to the fact that there
were two to three signs per exit for the old signing as compared to the four
signing locations per exit for the new signing, Therefore, considering the
above mentioned basic difference and taking into account the subject instructions,
the following conclusions can be drawn from the data presented in the two figures,

1. The driver while driving through the old signing
conditions had difficulty in detecting the first three
signs as compared to the new aigns,

2. Since the new signing involved use of multiple signs
an interesting effect of switching attention between
signs of type NP and PR is observed. The drivers
while driving under new signing conditions placed
more emphasis on the first sign of type PR in the
sequence and then placed more emphasis on signs of
type NP; but as they came closer to the exits they
primarily looked at signs of type PR and the mean
values of T4 in such cases were larger.

3. For the new signs, in general, the mean values of
Tyseq and the percentage of gipne read appear to he
highly correlated.

3., The Results of the Level 3 Analyses

3.1 Effeet of Driver Familiarity for the Old and New Signs

In the previous pages the results were presented by considering the data
ageregated over the two levels of driver familiarity. It should be noted that
under each signing conditions the drivers were asked to drive twice on the test
route involving the six trials under the identical instructions. Thus, while
driving the second time on the test route, the drivers were somewhat familiar
with the test route and the signing cn the test route.

Figures 4, 27 and 4, 28, respectively, present the data on percentage
of signs read and the mean values of T .. q for the old and new signs as a function
of familiarity.

If it is hypothesized that with increase in familiarity the driver would
spend less time reading a sign (as observed in studies F-5, L-1, and L-2j, the
data in Figures 4,27 and 4, 28 would show interesting differences between the
old and new signing conditions,
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Table 4,11

Correlation of T qnq and Driver Familiarity

Data on Signs Correlation Coefficients of T\ .4
Considered for and Familiarity
Correlation .

Old Bigns New Signs
All Signs (all
relevancies 0. 207%*%* -0, 007%%
combined)
NR 0,456%% -0, 068%
NP 0.311% -0, 025
PR 0,031 -0,080*
Hypothesis tested Hp:® =0 Hg: =10
to obtain signifi-
cance levels Hy: P =0 Hy: =0

Notation used to denote significance levels

#=p =0.25
= np=0,10
=g — [ {D‘Dﬁ
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The data shows that with increase in the driver familiarity
under old signing conditions, the drivers actually looked

at more signs and their mean values of Tgeq 2lso increased.
This effect is exactly opposite to the above presented hypothesis,

It appears that this effect is primarily due to inadeguacy of the
old signing in presenting information to an unfamiliar driver.
The old signs were difficult to detect when the drivers were
driving the first time on the test route, and as a result due to
no detection or late detection they could not read all the signs.

In fact, all five test drivers could not find the Eddy Road
exit when they drove for the first time on the test route.

The above discussed effect can be more clearly understood by
observing the correlation coefficients of T;goq and driver
familiarity presented in Table 4,11, TFrom the data presented
in the Table 4,11, the following conclusions can be drawn.

a. For the old signs, T, ;.4 was significantly and positively
correlated to driver familiarity. This result sugpests
that as the driver got more familiar in the second run,
he detected more signs and thus could spend more time
reading the information presented by the signs.

b. For new signing, the measure Tygeq was significantly
and negatively correlated to driver familiarity, This
suggests that since the new signing presented adequate
information to the driver driving under no familiarity,
he spent less time obtaining the same information while
driving in the subsequent run,

Another interesting difference between the sign reading behaviors
of drivers as a function of the signing differences is observed by
observing the significance of the correlation coefficients obtained
for the signs of relevancy types WP and PR, Table 4.11 shows
that in the case of signs of relevancy types NP, T 5.4 and the
driver familiarity were significantly and positively correlated

for the old signing but for the correlation for the same two
variables under new signing was not significant, Exactly

opposite effect is observed for the signs of the relevancy type PR,

These two above effects primarily suggest that in both the
signing conditions the drivers in the second run were reading

more signs of relevancy of type NP as compared to the first run .
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3.2 Determination of Differences Between Old and New Signing by Considering
the Prediction of T\jcoq 88 a Function of Signing Relevancy, Driver
Familiarity and Message Content

Two stepwise linear regression analyses were performed to determine how
the independent variables were related to the values of T, 4.4 obtained for the old
and the new signs. The independent variables considered for the prediction of
Tysed Were as follows:

1. Type of Relevancy (3 levels)
a. type NR =10
b. type NP =1
¢, lype PR=2

2. Driver Familiarity (2 levels)
a, no familiarity (F1= 1)
b. second run (F2 = 2)

3, Content of Message Displayed by a Sign: The three [ollowing
variables were considered to describe the message content:

a. total number of letters (and numbers) displayed on a sign,

b. total number of words displayed on the signs (note: The
milage numbers and route numbers were regarded as a
word.), and

e, total number of lines in which the messapge was displayed
on the sign.

Table 4,12 presents the resulis obtained [rom the two separate stepwise
linear regression analyses;i.e., one for old signing and the other for new signing.
The steps in which each of the independent variables used for the prediction of
Tyuseq for the two signing conditions were different, and these differences can be
interpreted as follows:

1, The T gpq for the new signs was very significantly related to
the type of relevancy. The type of relevancy was the first
variable that was introduced in the prediction of T .4 regression,
whereas, for the old signs it was the fourth variable introduced in
the prediction.,
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Table 4,12

Results of the Stepwise Linear Regression Analysis used for
Prediction of Tysed as a Tunction of Signing Relevancy,
Driver Familiarity and Message Content

Significance levels of regression
for the signing condition:

0ld Signs New Signs

Independent Variable |Step | Significance || Step | Significance
introduced in the step | No. Level MNo. | Level
Type of Relevaney 4 p =0,005 1 p = 0,005
Driver Familiarity 2 p-=0,003 2 p=0,025
Total No. of Letters
on the Sign 3 p =0,005 i p=0.025
Total No. of Words
on the Sign 1 p=0,025 I ) p=0.050
Total No. of Lines !
on the Sign - - | 3 p =0.025
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2, The driver familiarity was the second variable that was
introduced in both the linear regressions sugpesting that
it was the next important variable in the prediction of
Tyseds but its effect was observed to be in the opposite
direction as described earlier.

Table 4,13 presents results of another set of six regression amalyses
performed on the data collected in this study, Since it is difficult to quantily
the type of relevancy as done in previous regression analyses (i.e., Table
4.12) in this case, the data for each type of relevancy for each of the two signing
conditions were treated separately for the stepwise regression analysis.

The results obiained from these analyses primarily suggest that for the
old signs, the driver familiarity and the message content significantly affected
the values of T guq for all the three types of relevancy, whereas, for the new
signs, only the signs that presented information pertaining to the route were
found to be significantly related to the variables deseribing the message contenl
on a sign. It should be noted that the significance obtained by introducing the
driver familiarity for the new signs of type PR was not very dominant.

When the above results are considered with our previous findings that,
1) in general, TifTused was large for the new signs as compared to old signs
and the finding, 2} that the values of T, .q were larger for the new signs as com-

pared to the old signs, it can be stated that the new signs did not require drivers
to adapt and to load their sign reading behaviors as compared to the old signs.

Study I"'-5

Title: A Study for Determination of Treqd Using a Programmable Research
Sign

Objectives: The aim of this experiment was to oblain estimates of minimum time
required by a driver to acquire necessary information from a sign as a function
of the following [hclors:
1. length of message,
a, number of lines,
b, number of words in a line,

2, familiarity of the message to the driver, and

3. type of informational need,
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The results of the previous field studies showed that the sign reading
behaviors of the drivers are influenced by the type of information that a driver
needs from a sign. Therefore, in the experiment the "type of informational
need' was investigated by considering the following three types of information
search by the drivers:

1. searching for required information which forms a part of the
tota]l message displayed by the sign; i.e., varifying the presence
of information which is displayed on the sign (type IN 2),

2. searching for required information which is not displayed on
the sign (type IN 3), and

3. searching for more specific (or additional) information in
relation to required information (type IN 1),

The above three types of informational needs were created by including
questions in the instructions presented to the subjects al the beginning of each
trial., The questions and the instructions are presented on a later page in
detail,

DESCRIPTION OF THE EXPERIMENT

Test Site: This experiment was conducted on a two mile section (east ol
Scottslawn Road entrance ramp) of State Route 33. This section of highway has
two lanes in each direction and the experiment was conducted while driving east-
bound in the left hand lane, The programmable research sign was mounted on
a Rest Area Sign (type RA-3-132) which was located about a mile east of Scotts-
lawn Road entrance ramp.,

Description of the Programmable Research Sign

The programmable research sign used in the experiment is shown in
Figure 4.29, This 12" x 6' overlay sign was mounted to cover an existing
rest area sign. The sign was fabricated at the Sfate Sign Shop of the Ohio
Department of Highways and it was designed according to Ohio Standards to
display four line messages presented in standard 10" E serics upper case letters,
The sign surface was coated with standard green reflectorized sheeting. On the
front side of the sign grooved sirips were spot-welded such that eight 6' x 1!
green reflectorized aluminium plates could be slid in to form four line messages.,
The letters and numbers on these plates were made from standard white reflec-
torized tape material,
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A total of eighteen different one line messapes were selected for the
experiment, The messages can be divided into two groups, each consisting of
nine different messages., The two groups were as follows:

1., Group 1 - one word and one two digit number
(e.g., "WESKET 30"), and

2. Group 2 - two words and one two digit number
(e.g., "BREMEN PLAZA 28"),

Experiment Desicn

The experiment design of the study is presented in Table 4,14, Four
college age male subjects with normal vision participated in this experiment,
Each subject was asked to participate in twenty-four trials. Each subject com-
pleted twelve trials in one afternoon session, In order o obtain the effect due
to familiarity, the two afternoon data collection sessions for each subject were
conducted with an interval of two days.

The details concerning the twelve trials are presented in Table 4,15,
Each subject, thus,went through the same twelve trials (arranged in random
order) in two afterncon sessions to obtain the effects of familiarity. Each trial
consisted of entering the highway at Scottslawn Road entrance ramp and driving
in the left lane for about 1-1/2 miles. The research sign was about 3/4 mile from
the entrance ramp and as the subject approached the research sign, the experi-
menter then directed the subject to take a "U' turn and drive back to Scottslawn
Road for the next trial.

It should be noted that in order to prevent other drivers (i.e., traffic)
from getting confused by the research sign, another sign (type N-113-80, special)
displaying the message "RESEARCH SIGN AHEAD" was mounted at a distance of
1/2 mile upstream of the location of the research sign,

Subject Instructions

Before the beginning of an afternoon session the subject was given the
following instructions:

The purpose of this experiment is to measure your
lateral control precision while acquiring exiting information
from a sign. You will be required to drive to the best of your
ability in the middle of the left hand lane, You will be paid
bonus money for precise accomplishment of this task, You
will be also required to answer questions about our experi-
mental sign. After each run (trial), the data on the sign will
be changed and you will be asked a new guestion before each
run, During each run you will be told when you will be able to
read the sign, so that you need not look until you are told to do so.
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24, --The Programmable Research Sign used in Study F-5
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Experiment Design of Study F-5

Table 4.14

No. of Lines 2L, 4L
Words/Line W+ N WA+ N 1IW + N BN+ N
Familiarity F 2 Fi F 2 F1 Fa2 F1 F2
Type of IN1
Informa-
tional IN 2
Meed
IN 3
Note: L = Lines
W =Waord

N = Two digit number
F = Familiarity

IN = Informational need
Subjecls used = 4
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Table 4.15

Details of Twelve Trials Conducted for Each Subject
in One Afternoon Session

TYPE OTF ABSTRACT ]
THIAL MESEAGE TR TORMA- OF SUTWECT CORRECT
NUMBER 0N S1GN TTON INSTRUC TIONS ANBWER
NEEDED
Tremont 16
1 Summit 19 1 Miles to 20
Dexter 20 Dexter?
Funstock G4
!
2 Summit 19 2 Iz Summit Yes
Swisher 22 ahead?
Francis Terrace 18
a Condid Avenue 39 3 Is Colony Mo
Bishof Drive 23 MNorth ahead?
Coleut Morth 92
4 Bishof Drive 23 2 Is Bishof Drive Yes
Biretta Stroet 25 ahead?
5 Funstock 64 3 Is Fremaont Ko
Fondorf 46 ahead?
B Wesket 30 1 Miles to 51
Weldon 51 Weldon?
Frantiz Road 81
7 Biretta Stroet 25 1 Miles to 81
Colocut North 42 Frantiz Road?
Bremen Plaza 28
B Cosine South 29 3 Is Condid Ko
Colcut North 92 ahead?
Dexter 20
2] Carter 27 2 Is Carter Yoo
Funstock (4 ahead?
Tremont 16
{ 10 Frantiz Road B1 1 Miles to 18
Francis Terrace 18 Francis Terrace ?
Carler 27
il Weaket 30 3 Iz Bremen No
Swisher 83 ahend?
| Tunstock 64
Frantiz Road 81
12 Cosine South 25 2 Is Cosine Yes
Condid Avenue 349 South ahead ?
HBremen Plaza 2§ ]I
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It should be noted that in the above instructions the subject was asked to
drive the vehicle in the center of the left lane. This task was intended to keep
the driver visually loaded. In addition tothis task, the bonus money was offered
to the subjects and the intent of this was to motivate the subjects in obtaining the
required information from the sign as quickly as possible, The instructions, thus,
prevented drivers from staring af the research sign.,

It should be noted that prior to the data collection runs, the subject was
asked to drive at 60 mph in the left hand lane and was asked to stare at the sign
and read a test message "loudly" as soon a8 it became lepible, The maximum
sight distance from which the subject could read the test message was thus
established, In the subsequent data collection runs, the subject was told to
look at the sign immediately after he passed the maximum sight distance. It
should be noted that the test message did not contain any of the data that was
presented on thesign for the data collection trials. The displayed test message
was presented in the same letter sizes and type as the data presented during
experimental trials.

At the beginning of each trial the subject was given the following instruc-
tions;

Drive at 60 mph in the middle of the left hand lane, Do
not look at the sign until your experimenter commands, '""You
may look." As soon as you are able, answer the following
gquestion.

One of the following three questions, depending upon the type of informa-
tional need, was then presented the subject.

TYPE OF INFORMATIONAL INSTRUCTIONS
NEED
N1 You desire o exit at . How many

miles further do you have to drive?
(See trial numbers 1, 6, 7, and 10 in
Table 4.15.)

N 2 You desire to exit at . LDoeg this
sign give you any information as to such
an exit? (See trial numbers 2, 4, 9, and
12 in Table 4,15.)

N 3 You desire to exit at . Does this
sign give you any information as to such
an exit? (Bee trial numbers 3, 5, 8, and
11 in Table 4,15.)
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Tt should be noted that the difference in informational need between type
2 and 3 is due to information presented on the sign., Under trials of type 2
informational need the desired exit was displayed on the sign, whereas, under
trials of type 3 informational need, the desired exit was not displayed on the

sign.
Resulis

During all the trials conducted in this experiment, the eye movements
of the drivers and their verbal answers to the questions were recorded, Out of
the 96 trials conducted for the four subjects, only three incorrect responscs
were made, two by subject KF and one by subject FS, Subjects DF and HU
responded to all answers correctly.

The time taken by subjects in obtaining information from the signs was
obtained by counting the film frames in which the subjects directed their cyes
towards the sign. These fixations were easily identified by the help of the
stimuli, which the experimenter recorded on the film by pushing a switeh (which
lighted a bulb at an end of the beam splitter in the output system of the eye marker
camera system) at twoinstances. The experimenter first pushed the stimulus
switch when he commanded the driver to look at the sign and then he pushed the
stimulus switch again when the driver just passed the research sign.

The time taken by subjeets to obtain information to answer guestions for
each of the trials was considered as response or dependent variable {Tre:qd}'
The data obtained was then analyzed by using the analysis of variance technique
(ANOVAY*, A simple fixed factor analysis of variance model for the experiment
design presented in Table 4,14 was used by considering the following four factors:

1. familiarity (2 levels),

2. type of informational need (3 levels),

3. number of lines (2 levels), and

4, number of words per line (2 levels).

The subjects were considered as replicates.

*The analysis of variance is one of the most powerful tools for statistical
analysis, Basically, it consists of classifying (according to levels of factors)
and cross-classifying (combinationof levels of different factors) statistical
results and testing whether the means of a specified classification (levels of a
factor) differ significantly. In this way, it is determined whether the given
factor is important in affecting results,

142



Table 4,16 presents the most important results obtained from the ANOVA
test, Tigures 4,30 and 4, 31 present the marginal means and cell means, res-
pectively, obtained from the analysis of the data obtained from the study, From
the data presented in Table 4,16 and Figures 4,30 and 4. 31, the following con-
clusions can be drawn,

Conclusions

1. The amount of message displayed by the sign signilicantly affects the
minimum reading time required {o obtain information from the sign. The two
variables, number of lines of message on the sign, and the number of words per
line, both were found o be statistically significant (p < 0.005), The Figures
4.30 (c) and 4.30 (d) both show that with increase in number of lines and numher
of words per line, the minimum time necessary to acquire information presented
on 4 sign increases,

2. Treqd is significantly (p < 0.025) affected by familiarity of the driver
with the message. It should be noted that for all the four subjects the trials under
F1 and F2 conditions were separated by an interval of two days and the average
difference in the marginal means was 318 msecs,

3. The variable IN, the type of information need was found to affect
Treqd significantly (p < 0.025), This result, thus, strongly confirms the
hypothesis that the amount of time a driver requires to obtain required infor-
mation from a sign depends upon his objectives; i.e,, his informational need.

The results presented in Figure 4,30 (b} further shows that drivers
spend considerably more time in searching for information from the sign when
the information that is required is not presented on the sign, (Note:

2,361 - 1.895 = 0.566 sec, is the average difference between IN 3 and T 2
conditions,)

Further, the difference between the mean values of Treqd for IN 1 and
IN 2 conditions is positive, The difference indicates the time required by the
drivers to obtiin milage information in IN 1 type tasks as compared to the task
demanded in IN 2 which did nol include the milage information. Thus, to obtain
this additional milage infovmalion, the drivers spend on the average
2,142 - 1.895 = 0,247 second:,

4, Table 4,16 and Figure 4, 31 show that some interactions hetween dif-
ferent factors were significant. The most significant interactions were due to
Wx Land F x INxW. The interactions appear to be significant due to the fol-
lowing factors:
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Table 4,186

Results of ANOVA for Determining the Effects of

Different Factors on qu{i

Source of Significance
Variation F. Ratio D, F, Level
Due to differences Lines (L) 11.00 2,72 p < 0.005
between levels of Words (W) 8.67 1,72 p< 0.005 |
the factor*: Familiarity (F) 6,43 1,72 p < 0.025
Type of
Informational
Need (IN) 4,59 1,72 p< 0.0325
Due to inter- FxIN 2.10 2,72 p < 0,025 —|
actiong*¥ INXxW 1.59 2,72 p < D.023
between levels of WxL 4.75 1,72 P < 0,025
different factors: FxINxW 3.75 2,72 p<0.025

Mote: 5 [

12

Only the statistically significant findings are presented in
this table.

* = gffect of a factor. The change in response (i.e., 'I‘L,L_.H]“';
produced by a change in the level of a factor,

*#*# = interaction. A relation between two factors in which a
change in the response (Tpaqq) between levels of one factor
is not the same for all levels in the other factor,

. See Table 4,14 for factor levels.,
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a) Familiarity, b) Type of Infcmn.:-ﬁ'mnal Need, d) Number of Words/ Line,
and d) Number of Lines on the Sign
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a, spatial differences in visual search patterns of drivers
in relation to required information on the sign, and

b. differences between words and the driver's familiarity
with the words,

The differences mentioned in a. above were investigated. Figure 4,32
illustrates how two subjects obtained information from the sign in trial number
6. Trom this illustration, it appears that the differences are due to the positions
of first one or two fixations that the drivers make in relation fo the required infor-
mation. The effect of position of needed information displayed on the sign on
Treqd was, therefore, investigated later in study L-3.

Study F-6

Title: A Study for the Investigation of the Effects of Sequential and Multiple
Signs on the Sign Reading Behaviors of Drivers

Objectives: The primary objectives of the study were to determine the effects
of the variables presented below on the sign reading behaviors of drivers and
to attempt to enrich the developed methodology by implementing the findings of
the study.

The independent variables considered for the study were:
1, number of signs per location (multiple signs), and

2. number of locations of sign (or signs) per exit; i.e.,
number of sequential signs per exit,

DESCRIPTION OF THE EXPERIMENT

For the purpose of this experiment signing sequences on 1-270, I-71,
and I-70 were first surveyed and from the survey sixteen different signing
sequences were selected. The signing sequences were so selected that two
examples of signing sequences of each of the eight combinations presented in
Figure 4.33 were obtained. The locations of the selected signing sequences
and the listing of the signs in each of the sequences are presented inAppendix A,

Since the results obtained from study F-1 indicated that the level of visual
load on the drivers' information acquisition and processing activities highly influ-
ence the sign reading behaviors of the drivers; i.e., the unloaded drivers tend {o
stare at the signe excessively, in this experiment the driving task was so designed
that it would impose high visual loading on the drivers. This was achieved hy
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Details of Trial 6

L1 Informational Need:
Miles to Weldon?

‘ WESKET 30

‘ WELDON 51

Sketeh of sign showing

message displayed in Trial 6
Subject | Familiarity Spatial Plot* No. of T eqq
Level of Tixations Fixations secmll%s
L 2L L1
4 3 1 '
s 1 o | I 2 5 2.92
rS 9 8 —ep L1 3 1.91
- 21 L 2
2g L1
KF 1 3 % 3 L2 4 2,21
o
L1
KF 2 {-]'F. - |3 I, 2 3 1.33
i
*Note: The arrows indicate the direction of successive eye movements.
The numbers indicate duration of fixations in units of 1/16tR of a

second.
Figure 4,32, --An Example Illustrating Differences in Spatial

Search Patterns of Drivers in Trial 6
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collecting data under a car-following mode and asking the drivers to stare at the
lead car as much as possible and to exit at a specified exit. The subject instruc-
tions prior to each of the data collection runs were, therefore, as follows:

In this trial we would like you to follow the lead car
at exactly 125 feet and stare at the lead car as much as pos-
sible. We want you to perform this task until you reach x
exit. We would then like you to exit at _x . The lead car
will not exil with you., During this trial if you need to change
lanes, please let us know and we will tell you when it is safe
to do so.

Are there any questions ?

1t ‘should be noted that in the above instructions at the place of x  the
name of the exit (or route) for the trial was specified to the subject. The lead
car in all the runs was driven at a constant 65 mph speed.

Results

Al the time this final report was prepared only aboul one-third of the total
data (note: total data = data of three subjects collected over the sixleen test
routes) was processed by using SEADEM II, Therefore, in order lo aveid delay
in the publication of this report it was decided to report the findings on the basis
of the partal data in this report, A more complete analysis of the data will be
¢ onducted at a later date and the results will be reported in the Final Report of
another research project entitled, EES 407 B: "Implementing Sign Research
Results Into Operational Practices.”

On the basis of the partial data analyzed from this study the following
conclusions can be drawn:

1. Table 4.17 presents 15th, 50th, and 85th percentile values
of sign evaluation measures obtained by aggregating the data
for over the three subjects and over all the analyzed runs.
When the data presented in Table 4,17 is compared with similar
data obtained from studies F-1 and F'—=t, it iz obvious fo note
that the instructions of car following and staring at the lead car
as much as possible, visually loaded the drivers, The values
of Tnmxfo were, in general, hicher (as comparcd to those
obtained in studies I'-1, condition A, and F-4)indicating that
the subjects tended to decrease Tf. It should be noted that an
exactly similar effeet was observed in study -1 (i.e., com-
paring the values of Tmax;’ Tf for condition A with the car-following
conditions B and C). Further, the results show that the values of
Ti,a" Tiseq Were smaller (as under normal driving and low levels of
loading the 50th percentile values of Ti,-"' Tus il in general, lic

between 3.0 to 4.0).
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Table 4,17

Values of S8ign Evaluation Measures Obtained
by Aggregating (Partial Available) Data
over Subjects and Test Roules

Percentile Values
Measure 15% 50% 85%
Tmﬂ_x 10.0 12.5 15,0
Tused 1.0 1.5 4.0
T, 0.5 1.0 2.0
T¢ 2.5 6.0 8,5
T/ Tyeed 1.5 2.0 5.5 2
3 = 5 2.
ir:nﬂx"'!Tf 1.5 2.5 5.0
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Thus, when the above two findings are pul together, they
indicate that due to the instructions of car following and
staring at the lead car, Ty was shortened and as a result
the drivers had to concentrate their time-sharing process
with the signs much more heavily. Further, it was found
that significant positive correlations were obtained between
the following two pairs of measures:

a: Ty end Ty and

b. Tf and TLESE{]'

2. The drivers, in general, spent more time looking at the
first and last (one or two) locations of signs in the sequence
of signs. Such signs usually had lower values of hoth the
measures, T;/T .q and Tonsig! Tps

3. In case of the multiple signs, the drivers, in general, spent
more time looking at the signs which presented information
pertaining to the route (or exit) as compared to the signs
which did not present information pertaining to the drivers'
intended route,

As stated earlier, the above results are based on the analyses of partial
data obtained from this study., The remaining data on this study will be analyzed
in the future and more detailed results of the study will be made available in the
final report of the project, EES 407 B, which is a follow-on study being con-
ducted for implementing the results obtained from the research results obtained
from this project.

Study F-7

Title: A Study of Signing Providing Information Contradictory to the Geometric
Highway Design in the Akron Area

Objectives: There were two primary objectives in conducting this study. One
objective was to investigate the sign-reading behaviors of drivers when they are
confronted with obtaining route guidance information from the signs which pro-
vide information contradicting to the geometric design of the highway; e.g.,

the signing requiring a turn to South in order to eventually end up going North.
The second objective was to apply the developed methodology to the data obtained
for such signing to study the evaluation capability of the methodology.
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Test Site

For the purpose of this experiment many different test sites with dif-
ferent geometric configurations were surveyed. During the search of the suitable
test sites, the officials of the Ohio Department of Highways were informally
consulied to suggest the locations of what are the most commonly considered
as the "problem interchanges';i.e,, the interchanges, about which the highway
engineers received complaints by the users, because of the contradictory and
confusing nature of the signing in relation to the geometric configuration of the
highway, From the survey, three interchanges in the Akron area were selected
for this study (see Figure 4.34), The Akron area was primarily selected for
two reasons, The first reason was that all the three interchanges were separated
by distances of less than 10 miles and they all had geometric features that could
meet the objectives of this study. Further, since none of the subjects used in
the previous studies in this research were familiar with the Akron area, the
data collected while approaching these interchanges by using the same subjecis
was considered to be important. As the use of these subjects guaranteed that
the collected data would be free [rom the effects of the highway familiarity and
also it provided a unique opportunity to enable comparison of the data obtained io
this study with the data obtained from the previous studies in which the same sub-
jects were used.

DESCRIPTION OF THE EXPERIMENT

Five subjects (namely, subjects RH, KF, PZ, CS, and FS) participated
in this experiment. The experiment consisted of the collection of the driver
eye movements and driving performance data for each of the five subjects on Lhe
following three test routes.

Route 600; Entering I-80 5 (East) at Barber Road and exiting at
State Route 8 (North). This test route, thus, passed
through all the three interchanges; i.e., interchanges
A, B, and C in Figure 4, 34,

Route T00: Entering I-80 5 (West) from State Route 8 (South) and then
talkdng I-277 (East) and exiting at Main Street, On this
test route the data was collected while approaching and
passing through the interchanges B, A, and while exiting
at Main Street.

Route 800: Entering I-277 (West) at Main Street then getting on 1-80 5
(East) and then finally getting on I-77 (North), On this
test roule the data was collected while approaching and
passing: ' vough the interchanges A and B,
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Each of the above test routes was further divided into sub-routes according
to different characteristics of the geometric design of the highways. For example,
the test run 600 was divided into three sub-routes, namely, sub-routes 601, 602,
and 603. Fipure 4,35 shows the paths of the drivers through the interchanges in
the different sub-routes. While following the test route 600, the driver first
approaches interchange A, where in order to keep continuing on I-80 5 (East),
he has to get off from the mainstream to the right;i.e., in a direction which is
opposite to where 1-80 5 {East) continues. The details of this sub-route 601 arc
presented in Figure 4,.35. Thus, from the sketches presented in Figure 4,35,

il is clear that in the sub-routes 601, 701, 702, and 802, the drivers had to
turn in a direction opposite to the final heading of the highway in order to keep
continuing on that highway. The test sub-routes 602 and 801 are the examples
where the interstate highway takes a turn on the right, whereas, the continued
section of the highway; i.e,, the mainstream, becomes a different intersiate
highway. The sub-route 603 was studied primarily as it required the driver to
cxdt from the left hand side, whereas, sub-route 703 included the most common
situation; i.e., exiting from the right hand side.

A list of the signs that the drivers encountered while passing on each of
the above test routes are presented in Appendix A,

Subject Instructions

Test Route 600 Prior to entering on the entrance ramp at Barber
Road, the following instructions were given to the
subjects.

"We would like you to enter I-80 S heading east,
and drive on I-80 5 {East) in your normal manner
until you reach State Route 3. We would then like
you to exit at State Route 8 heading north. During
this run if you desire to change lanes, please tell
us and we will let you know when it is safe to do so,"

"Are there any questions 2"

It should be noted that in the above instructions, the instructions concerning
the lane changes were included primarily to avoid excessive large head movements
which could disturb the calibration of the eye-marker camera system used to
record the driver's eye movements., If the subject had any questions, then the
above instructions were presented to him again,

Test Route 700: While traveling on State Route 8 heading south

(before the interchange C) a subject was given the
following instructions,
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Sub-route G601
{Interchange A)

SR 8

I-803

Suh-route 603
(Interchange C)

Sub-route 602
{Interchange B)

\ I-77

Sub-route 701
{(Interchange I

Figure 4.35.-—8ketches of interchanges showing the test sub-routes
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"In this run, we would like you to enter I-80 3
heading west. We would like you to confinue on
I-80 8 (West) until you come to I-277 junciion.

We would like you then to get on I-277 heading
east and then exit at Main Street. During this run,
if you desire to change lanes, please tell us and
we will let you know when it is safe to do 50, "

"Are there any questions ?"

Test Route B00: While parked near the entrance ramp at Main Street,
a subject was given the following ins tructions.

1"We would like vou to enter I-277 heading west
and drive in your normal manner until you reach
1-277 - 1-80 S interchange, At this interchange
we would like you to get on I-80 S heading east.
We want you to continue on I-80 S (East) until
you come to I-77 - I-80 S interchange, We would
then like you to get on 1-77 heading north. Thus,
summarizing, you have to follow I-277 (West),
1-80 § (East) and then I-77 (North). During this
run, if you desire to change lanes, please tell us
and we will let you know when it is safe to do s0."

"Are there any gquestions ?"
Results

The data obtained for all the subjects while traveling on each of the sub-
routes was analyzed by using the computer program SEADEM II, The sign evalua-
+ion measures obtained from SEADEM II were then further analyzed to determine
the differences in the sign reading behaviors of the drivers on each of the sub-
tesl routes,

For this purpose, the data for all the signs on a sub-route and for the
subjects used on that sub-test route was aggregated. On the ageregated data,
eight separate correlation analyses for the eight sub-routes were performed.
The Bio-Medical computer program, BMDO3D, was used for the analysis and
the following twelve variables were considered for the computation of means,
variances,and correlation coetficients:

L. Tl‘ﬂi’LX’

2. Tused=




6. total number of lixations presenting resolvable information
of the sign to the driver,

Tl T }“T

max’ “used?

B 'Typae Tys

a, Ti,fT

used?
10, T ,»"rf,

11, Kj = the number of logitudinal location of the sign; i.e., the
number of the sign location in the sequence of signs, (see
Figure 3.4 for illustration), note K; = 1 denotes the farthest
sign localion [rom the exit, and

12, Kp = the position of the sign in the group of multiple signs at
a loecation, For example, if three signs at a location Ky =1
denotes the left sign; i.e., above the lefl lane, K5 = 2 denotes
the sign at the center and K5 = 3 denotes the right most sign.

Tuables 4,18, 4,159, and 4. 20 present only the significant and the most
important correlation coefficients obfained from the analyses for each of the
test routes.

The correlation coefficients between the three basic measures T .., Ty,
and T, -.q for each of the sub-test routes are presented in Table 4,18, The data
presented in this table gives further support to the findings obtained from studies
F-1, F-4, and F-6, that the relationship between T ... and Ty and the relation-
ship between Teand T, ...4 is a stable and most basic characteristic of the sign

reading behaviors of drivers.

Figures 4,36 and 4,37 present the mean values of T\ o4 and Ty, res-
pectively, for the signs on the eight sub-routes, Ii should he noted that, in
general, the values of T, .4 obtained on these sub-routes were higher than those
obtained in the previous studies, Turther, the values of the measure Ty were
smaller, and as a result the drivers had to time-share heavily with the signhs in
Akron. This finding can be clearly understood by observing the plot of Tmax,f’ T
and T;/T  q.q Presented in Figure 4,38, It should be noted that in this figure the
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Table 4,15

Correlation of Sign Evaluation Measures

oy MEASURES CORRELATED
Number Fpna &b Ty Trand Tygeg Tax and Tgeq
601 0,026 0,663 0,652
602 = 0.902 -
603 = 0.722 -
701 0,647 (.4186 0,853
702 ' 0.720 0. 805 0,480
703 0.7649 0.626 -
501 0.094 0.757 0.512
802 0,487 o 0.373
Note: Only those correlation coefficients (p's) which

were found to be significant at p =0.25 are
present in this table.

Hypothesis tested: ”U: p=10 V5, Hl: p#F 0
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Figure 4.36.--Mean Values of T dOhtained for the Sub-
Routes Studied inuﬁﬁrnn
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Figure 4.37.--Mean Values of Ty Obtained for the Sub-
Routes ‘Studied in Akron
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.0 -

o

4.0 + 4+ New Signs (I-80)

+ I-71 (open road driving)

3.0 +I-T1 (normal car following)
T3/ Tused - ® 702
Old Signs (I-90)

2.0 ® 601, 801, 802
@ ) o
703 603 602, 701

1.0 | | | 'r

2.0 3.0 4.0 5.0
1.0

Tma.xﬂf el

Figure 4,38, --Plot of 50th Percentile Values of T /T; and Ti ;’THEE 3

Mlustrating Marked Differences Beftween the Sign Reading Behaviors of
the Drivers on the Sub-Routes in Akron and the Data Obtained from
Other Studies in this Research Project
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50th percentile values of Tmax/Ttand Ti/Tused obtained from other studies con-
ducted in this research project are also plotted. The comparisons of the values
presented in Figure 4,38 clearly show that all the sub-routes in Akron lie on the
lower right hand side of the plot, and thus, indicating that the subjects while
driving in Akron were highly loaded (due to higher values of Tyngy/Tg which
were found to be associated due to higher levels of visual loads due to increased
traffic density). Further, sinec all the subjects used in this experiment were
totally unfamiliar to the highways, they required higher time to read the signs,
The data, therefore, show that the drivers had to concentrate; i.e., time-share
heavily, on the signs. It should be noted that the average values of T yax for the
signs in Akron were 11,7 seconds,

From the correlation coefficients presented in Table 4.19, the following
conclusions can be drawn.

1. In sub-routes 701, 702, and 801 the time taken by the subjects
to obtain information from the signs increased as the number
of sign location increased;i.e., as the driver approached
closer to the exit, whereas, the data on sub-route 703 shows
opposite driver behavior. It should be noted that the test
route 703 involved the most common and standard geometric
situation, whereas, sub-routes T01 and 702 involved complex
geometric design of the highway.

5. The negative correlation observed between K jand Tivigsed 15
for the sub-routes 603, 701, and 801 showed increase in driver
urgency as the driver approached closer to the exit. It should
be noted that sub-route 603 involved a left hand exit and the
sub-route 703 involved a standard right hand exit and the corre-
lations of Ky with Tax/ Tt for the two have opposite signs.

3. The positive significant correlation between Ky and Ts/ Thised
show increase in concentration of the drivers time-sharing
process on the sign as the driver approached towards the
exit. The above mentioned behavior was ohserved for sub-
routes 602, 703, 801, and 802,

Similarly, a reader is advised to carefully interpret the correlation
coefficients presented in Table 4,19 to gain additional insights into the differcnces
in the sign reading behaviors of drivers on the different sub-routes.

Table 4, 20 presents the correlation of Ko with the sign evaluation
measures. From this table the following inferences can be drawn.
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1. The time spent by the subjects; i.e., Tygeq, Was not related
to the position of signs at any location; i.e., in general, the
drivers tended to use equal time (or there was no statistically
significant difference) to signs in all positions.

2., The sub-route 603 involved a left hand exit and the negative
correlation of T, with K pand the positive correlation between
Tmef and Ko suggest that the drivers primarily attend the
signs on the left side first and then obtain information from
the signs on the right.

3. The sub-test route 703 involved a standard right hand exit and
negative significant correlation of Ky with Ty, /Ty indicates
that the values of Tmax"" Ty were smaller for the signs on the
right side; i.e., the signs that presented information pertaining
to the route,

The discussions presented above on the basis of the ohserved correlations
among different measures illustrate some differences among the sub-routes;
but these discussions primarily illustrate the influence of the signing and road
veometric characteristies on the sign reading behaviors of drivers only at a
macroscopic level, Therefore, further analyses were performed at a microscopic
level; i,e., observing each successive fixation that a driver makes as he approaches
a sign location,

The test sub-routes 601 and 701 were found to be the most difficult rouies
for the test drivers to follow, On the sub-route 601, out of the five subjects
tested, one entirely missed the right hand turn to continue on I-80 5 (East) and
two subjects changed lanes abruptly just prior to the gore area. The other two
subjects completad the maneuver satisfactorily. Similarly, on sub-route 701,
two out of the five subjects made abrupt lane changes and cut through the gore
areas in order to continue on I-80 5 (West) at the interchange B.

Obviously, the geometric design of the highway led the unfamiliar drivers
in making late manuvers (or missing the routes), When the fixations made by
the drivers who responded late were analyzed along with the consideration of the
sizn evaluation measures for cach of the signs on the route, the following impor-
tant effects were ohserved.

1. In case of mulliple signs at a location an approaching driver
(who wants to continue on the same interstiate highways)
generally appears to have a natural tendency to read the
left-most signs first., Thus, when our test drivers were
asked to follow I-80 5 (East) in sub-route 701, being
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unfamiliar with the geometric situation assumed the
interstate highway to be continued straight ahead and
read the left most signs first, Further, since the
values of T,.were smaller, it is found that while
approaching the multiple signs under such situations;
i,e., when a major interstate highway turns in a dif-
ferent direction from the mainstream, the drivers only
had enough time to read the signs of the left and they
either missed the signs mounted on the right side (at
first few locations) or did not have enough time to read
the signs on the right side which provided information pertaining
to their intended route,

2, The above mentioned behavior was most pronounced for the
signs at the last location; i.e., signing just prior to diverging
road geometry, and if the test driver under such conditions
was in the wrong lane he usually made abrupt lane changes and
cut across the gore area to follow the correct route.

3. The drivers on the above discussed conditions were found to
be spending on the average about 2,68 seconds (range: 1.43
to 4,31 seconds) and 1,85 seconds (range: 0.93 to 2.62 seconds)
for the left-most and the right-most signs (at a location), res-
pectively.

St -5
Title: A Study of Signs of Special Interest
Objectives: The primary objective of this study was to investigate the sign
reading behaviors of drivers and to apply the sign evaluation methodology to
attempt to determine causes that contribute towards some special aspects

that are associated with the signing al some selected locations.,

The locations selected for this study had the following special character-
istics:

1. diagrammatic signing,

2, locations al which the signing is generally regarded
as "confusing” {or imadeguate), and

3. special lane change signs located upstream to merging
areas,
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DESCRIPTION OF THE STUDY

This study consisted of the evaluation of signing at five different locations,
At the five locations the driver eye movements and the driving performance data
for two to five subjects was collected. The details concerning the locations of
the test routes, the subject instructions and the category of signing of interest
considered in this study are summarized in Table 4,21, The details of the
signing, the experimental procedure, and the results for each of the test routes
are discussed in the following pages.

Test Route 401

The aim of the testing on this fest route was to evaluate a newly mounted
diagrammatic sign on I-70, Figure 4.39 gives a pictorial view of this diagram-
matic sign.

Five subjects were used for this experiment and the data on the driver
eye movements and the driving performance was collected on this test route in
a car-following mode. A lead car and the experimental vehicle were driven on
I-7T0 westbound from an entrance located at about 3 miles upstream of the dia-
grammatic sign. While car following, the subject was casually given the fol-
lowing instructions.

""We want to calibrate the eye-marker system so, we
want you to follow the lead vehicle at about 125 feet and
constantly stare at the lead car, We want you to perform
this tagk until you come to State Route 79. Then, we want
you 1o exit at State Roufe 79 (South), The experimenter in
the Iead car will be going back to the university, but we
will be conducting additional experiments on Siate Route
79 (South), but do not forget {o stare at the lead car as
much as you can and maintain 125 feet distance.”

After these instruetions, the eye-marker camera and the oscillograph
recorder were turned on to collect data as the driver approached the seven signs
on the test route. The description of the sequence of signs in this experiment is
presented in Appendix A,

Tables 4.22 and 4, 23 present the results obtained from the analysis of
the collected data by using the computer program SEADEM II, The important

results obtained from this experiment are as follows,

1. The subjecis on the average spent 6,65 seconds obtaining infor-
mation from the diagrammatic sign.
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Figure 4.39.--The diagrammatic sign on I-70
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Takble 4,22

Values of the Measures Tyged,
Te and Tf obtained for the Diagrammatic Sign

Tused Tea Tg
mn in in
Subject Seconds Seconds Seconds
HU 4,82 4.2b 10,30
Fa 9.70 1,94 11,81
E10] 5.19 1.20 8.a7
HO G6.80 1.8% 3.68
EN 8,75 3.25 10.58
Mean values G.65 2.50 9,95
by aggregating
the data for five
subjects




Table 4,23

Comparison of the Mean Values of the Measures for the Diagrammatic Sign
with the other Non-diagrammatic Signs on the Test Route

Nondiagrammatic (Al
Measure Diagrammatic signs on the roufe ex-
Sign cept the diagrammatic
sign)
Tused G.6o 1.762
Te 2,50 0. 800
TI"{Tused 1,148 1.585
Tma_xl"JTf 1.180 3.438
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2, The values of measures Tj and T o .4 for the diagrammatic
sign were very high as compared to the other non-diagrammatic
signs on the test route. Also, the values of Tj/T g0q Were
very close to 1.0. (Note: Under normal driving situations and
standard signing the values of T;/T,g.q average in the range of
3.0 to 4.0.)

3. Both the above findings suggest that the drivers had to spend
large amounts of time and concentrate heavily (i.e., very
little time-sharing with the other objects in the driver's view
was exhibited by the driver's between Ty and Tg) on the diagram-
matic sign, Both the above findings, thus, suggest that the
message displayed on the sign was difficult to comprehend as
compared to the standard symbolic highway signs.

4. Tt should be noted that since the diagrammatic sign
studied was the only example of the diagrammatic sign in
the vicinity of the Columbus area, there may be an influence
on the sign reading behaviors of the drivers due to the effect
of the novelty and this is suggested by very low values of
Tax/Tge Further, it should be noted that low values of
T nax/ It 2lso suggest very high sign detection capability;
i.e., the target value, of this diagrammatic sign.

Test Boutes 501 and 502

For the purpose of this experiment a list of various different locations in
the Columbus area which were "commonly" considered as very confusing were
made by interviewing many researchers in our group and also the local officials
of the Ohio Department of Highways. After the discussions it was fell that the
signs encountered by the drivers while approaching I-71 from State Route 33
(Southeast) were good examples of confusing signing (see Figure 4.40). There-
fore, the eye movements and driving performance data for three subjects was
collected while getting on I-71 in both directions from State Route 33 (South-
east), In these data collection runs, no lead car was used and the following
instructions were given to the subjects while driving and when they were about
1-1/4 miles upstream of I-71 on State Route 33 (Southeast),

Test Route 501

"Now we would like you to continue driving in your
normal manner and get on I-71 heading north,"

After the subject completed this run, he was guided by the experimenter

back on State Route 33 heading southeast and the following instructions were given

when he was about 1-1/4 miles upstream of 1-71,
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Tigure 4.40.--Map Showing the Intersection of SR 33
and I-71
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Test Route 502

" Now we would like you to continue driving in your
normal manner and get on I-71 heading south,"

From the map of the test area presented in Figure 4.40, it is clear that
as the driver approached I-71 from State Route 33 (Southeast) there were two roads,
namely, Twin Rivers Drive and Long Street, diverging from State Route 33 and the
side-mounted signs indicating the diverging roads were small and were mounted
in the gore areas of the diverging roads. Tables 4.24 and 4,25 present some
illustrative data and the sketches of the signs on the test routes 501 and 502,
respectively.

The data obtained from these runs primarily indicate that the signs on the
route did not give sufficient time to the drivers to oblain the necessary informa-
tion. The results of the studies F-5, L-2, and -3 have indicated that in order
to read the messages presented in two lines and in 5 to 6 words, the drivers would
require about 2,0 seconds.

In both the test routes the first sign provided adequate time to the drivers
to oblain the information but the later signs provided very little time to read
and select the required path. The illustrative data for the two subjects pre-
sented in Table 4,25 shows that by the time the subjects completed reading the
overhead-mounted sign at the third location that provided the information to get
on I-71 (South), they were about 1/2 second upstream of the sign and this sign
was mounted in the gore area. As a result, two out of the three subjects tested
on this test route (i.e., 502) could not get on I-71 and continued driving on Long
Btreet.

Test Routes 503 and 504

During informal discussions with the local officials of the Ohio Depart-
ment of Highways, a question was raised regarding the use of special lane
change signs. In order to gain some insight into the understanding on how the
drivers obtain information from the lane change signs a small exploratory study
was conducted at the 1-71 = I-270 interchange on the south side of Columbus (see
Figure 4.41).

At this interchange the traffic approaching from both the north and south
directions of I-71 merges into the eastbound tralfic on 1-270 and in spite of the
two lane change signs and the cross stripping on the lanes (see Figure 4.41),
it is observed that the drivers do not change lanes as desired.
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RIGHT LANE ENDS
MERGE LEFT

=

(overhead sign)

[-270

=== e

LRﬂute S

LEFT LANE ENDS 1-71 (North)
MERGE RIGHT

(side mounted sign)

iy

Figure 4.41.--Schematic Diagram of I-71 and I-270 Interchange Showing
the Configuration of Only the Important Ramps, the Cross Stripping
Used to Force Lane Changes and the Location of the Two Lane
Change Signs
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In order to get some exploratory data on the sign reading behaviors of
drivers on the two lane change signs the data was collected for two subjects
using two test routes. The instructions presented to the subjects were as follows,

Test Route 503

While the subject was traveling southbound on I-71 about a mile upstream
of the interchange, the following instructions were presented to the subject.

"Now we want to get on I-270 heading east. So,
please drive in your normal manner and exit at the
junction of I-7T1 - I-270 and follow I-270 (East).
During this run, if you desire to change lanes then
let us know and we will tell you when it is sale to do
so,"

Test Route 504

At the entrance ramp on I-270 (East) at Harrisburg Pike (i.e., U. 8, 62)
the subject was given the following instructions.

"We would like you to enter the freeway and continue
driving in the right lane in your normal manner in 1-270
(East) until we give further instructions. If due to some
reason you need to change the lane, please let us know and
we will tell you when it is safe to do s0.V

Table 4, 26 summarizes the results obtained from the four test runs con-
ducted in this experiment. The results show that in two out of the four cases the
subjects did respond to the lane change signs. In one of the runs, namely, of
subject HU on test route 504, our data indicated that the subject did read the
sign but did not change lanes. The results, thus, suggest that the driver behavior
in lane changes is much more complex and merely the placement of the lane
change signs is not adequate to solve the problem, This is especially true in
a situation such as in test route 504 where our approaching driver can clearly
see at a distance that the lane continues on, in spite of the lane change sign and the
stripping on the pavement,
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Summary of Observed Behavior of the Test Subjects

Table 4,26

in Responding to Lane Change Signs

Test Route
503 504

Subject Go HU Go HU
Details
Was the subject driv-
ing in the correct lang YE3 NO NG NG
prior to approaching
the lane change sign?
Did the subject read
lane change sign? NO YES YES YES
Did the subject
change lanes? (Mot applic- YES YES NGO

able)
Bgad 0.500 0,500 1.000
B 1.0625 3.810 1,935
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Study L-1

Title: A Laboratory Study for the Investigation of Treqd by Tachistoscopic*
Presentation of 5Signs

Objectives: This experiment was conducted as a pilot study to gain more under-
standing for the development of the measure, Trgqd. The aim of this experi-
ment was to investigate the effect of the following factors in the determination

of TI‘Efld’
1. length of message on a sign, and

2, familiarity of the subject with the message presented
ona sign,

DESCRIPTION OF THE EXPERIMENT

In this experiment color slides of 32 different interstate highway signs
were tachistoscopically presented to nine subjects. All nine subjects were
undergraduate students in the Industrial Engineering Department of The Ohio
State University. The signs were presented to the subjects in tachistoscopic
exposures of 10 msec. duration, and the subjects were given advance warning
before presenting each flash to make sure that their eyes were fixated on the
screen., The subjects were allowed to fixate anywhere on the screen in the
experiment. The number of flashed required to recite the message presented
on 4 sign was considered as a response (dependent) variable, The 32 signs
were selected so that four different levels of length of message could be tested.
The criterion used to determine the length of message was the number of lines
of message on a sign. Eight signs displaying approximately the same type of
message were selected for each level. The eight signs in each of the levels, 1,
2, 3, and 4, constituted signs which displayed messages in 1, 2, 3, and 4 lines
of message, respectively. The 32 slides were randomly arranged on the slide tray
of the tachistoscope, and the experiment was replicated three times in the same
random sequence to get the effect of familiarity. For more details on the experi-
ment the interested reader is referred to the interim report of this project,

£A tachistoscope is an apparatus for exposing visual stimuli to the
test subjects for very short durations (of the order of fractions of a second).
The tachistoscope used in this experiment consisted of a Kodak Carousel slide
projector equipped with a shutter in front of its lens, The shutter had the
capability of exposing (or {lashing) slides of signs for durations ranging between
1/1000th of a second to 1 second.
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Results

The data obtained from this experiment was analyzed by using a three
factor analysis of variance model in which the three factors were:

1. familiarity of the subject with a sign,
2. length of message, and

4. subjects.

The results of the ANOVA were as follows:

1. both the linear and the quadratic components of the effect due
to the length of message were significant at 0.001 level,

2. both the linear and the quadratic components of the effect due
to familiarity were significant at 0.001 level,

3. the effect due to subjects was significant at 0,005 level, and

4, the effect due to interaction between subjects and length of
message was significant at 0.025 level.

Figure 4,42 shows the relationship of the number of flashed of 10 msec.
exposure to the number of lines and familiarity.

Study L-2

Title: A Laboratory Study for the Determination of T
Eve-Movement Recorder

reqd by Using a Laboratory

Objectives: This experiment was primarily conducted for the following two
reasons.

1, In study -5, the driver eye-movement data was collected to
obtain the effects of different variables (such as length of mes-
sage, type of informational need, etc.) on the minimum time
':Treqd:' required to obtain necessary information from a sign,
The experimental procedure and the setup required to collect
the data in study F-5 was me consuming and expensive.

Further, the results obtained from the study L.-1 and F-5
couwld not be directly compared because of differences in
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This experiment was, therefore, designed to investigate the effects of the

experimental conditions and due to differences in the unit
of measurement of Treade This experiment was, there-
fore, conducted to determine if comparable results on

T roqq could be obtained in a relatively less expensive
wathy devising a laboratory setup.

The findings of the study F-5 suggest that Tyegd was a
function of line position of the required information in
the displayed message on the sign and since additional
road experiments could not be conducted, it was decided
to study this additional variable;i.e., the effect of posi-
tion of reguired information in this experiment.

following independent variables on qu A

Tis

[n]
.

length of message,
a. number of lines (two levels, 2L and 4L}, and

bk, number of wordsin a line {(two levels, IW and 2W),

familiarity of the message to the subject (two levels, F1 and F2),

type of informational need (IN) (three levels, IN 1, IN 2, and IN 3,

defined similar to those in the study F-5), and

line position of needed information in the displayed information (two
or four levels depending upon if the message length was 2L or 4L),
{(Note: The [our positions are defined as P1, P2, P3, and P4.)

DESCRIPTION OF THE EXPERIMENT

In this experiment, slides of signs were shown to the subjects on 4 screen
and the time required for the subjects to obtain required information from the
gign was recorded. The equipment setup used for this experiment is illustrated
in Figure 4.43. The ecve movements of subjecis were monitored by a laboratory
eye-movement monitor, Biometrics, Model SUHV/2. The output of the eye-
movement monitor was fed into a PDP-8 computer which was programmed to
compute the time spent by the subjects in reading the signs projected on the
sereen. The measurement of the time required by the subjects to obtain the
required information from a sign was accomplished by using the [ollowing

procedure,



As shown in the Figure 4,43, the subject sat at a longitudinal distance
'd' {rom the screen. The projector was located to the right of the subject such
that the center of the slide (i.e., the point 'x' subtended an angle ¢, and the sign
subtended an angle B) at the cyclopean eye position of the subject.

Two subjects, namely, subject KF and DF, participated in this experiment,
Both these subjects had participated in the study F-5, Instudy I'-5, the subjects
had to drive in the left lane and obtain information from a programmable sign
mounted on the right side of the road. The subjects in study F-5 were instructed
to look at the sign when they approached a preselected distance (refer to subject
instructions in study F-5), In order to obtain comparable geometric configura-
tion, the angles ¢ and P in this experiment were selected by studying the data
obtained for each of the two subjects from the study I'-5 (i.e., when the subjects
in that study F-5 started looking at the programmable sign).

In this experiment before presenting a sign, the subject was first asked to
fixate at the calibration point. At that instance, the PDP-8 computer sampled
the horizontal coordinate of the calibration point. The subject was then asked to
fixate on point "zero" on the screen and then the shutter in front of the
lens of the slide projector was opened by the experimenter. As soon as the
shutter was open the subject was instructed to move his eyes towards the sign
to obtain required information and was also asked to move his eyes to the left
and fixate on point "zero' as soon as he finished reading, The PDP-8 computer
determined the time during which the subject’s eyes were directed to the right
of the calibration point, and this measured time was printed on the printer after
the trial was over,

Thus, for each trial the experimenter's task consisted of the operations
in the following seguence:

1, present guestion to the subject, (the questions were different
depending upon the presented slide and the type of informational
need)

2. alert PDP-8 computer,

3. ask subject to look at calibration point for one second,

4, ask subject to lock at the "zero" point,

5. push shutter opening switch, (the subject then immediately
moved his eyes past the calibration point to obtain informa-
tion necessary from the sign and was asked to fixate on point

"zero' as soon as he received the information and verbally
reported the "answer'™)
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Figure 4,43, --Schematic Sketch of the Plan View of the
Experimental Setup in Study L-2
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6. close shutier,
7. record subject's answer,
4, index to the next slide, and

9, ask guestion for next trial and repeat steps (1) through (8)
for the next trial.

Each subject went through two experimental sessions consisting of 108
trials, The two experimental sessions of each subject were conducted at the
interval of two days and in each of the sessions the same 108 trials were con-
ducted., The first session, thus, gave data under conditions of F1 (i.e., no
familiarity) and the data collected in the second experimental session repre-
sented F2 condition,

The 108 trials consisted of presentation of three identical sets of thirty-
six slides. The messages presented on the thirty-six slides are presented in
Table 4,27. Figure 4.44 presents examples of the slides (slide numbers 34 and
5 in Table 4,27). These slides presented the messages in white letlers on
standard green background. It should be noted that the messages presented on
these slides were similar to those used in the study F-5. The 108 slides were
randomly ordered and the questions asked to the subjects for cach of the trials
were arranged so that the experiment design presented in Table 4,28 was mapped.

The trials of type IN 1 and IN 2 required the subject to oblain the infor-
mation that was a part of the total message presented by the slides, whereas,
in trials of type IN 3 the required information was not presenied on the signs.
Therefore, for conditions of IN 1 and IN 2 the effect of position of the required
message (i.e., the number of lines in which the required information was pre-
sented) could be investigated. It should be noted that in the case of the signs that
presented the messages in two lines, the two lines were centered on the slides
such that they appeared in the positions of lines 2 and 3 when compared with signs
with 4 line messapes.,

Subject Instructions

Prior to each data collection session the subjects were given the following
instructions.

"In this experiment we want to find out the minimum

time that you will need to obtain information to answer
the question presented to you prior to presentation of
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Table 4. 27

Mezsages Presented in the Set of Thirty-Six Slides

Slide | Message presented by | Slide Message presented by
No, the slide No. the slide
1 Roclowell Research 17 2 Traffic Solution 22
Frantiz Road 18 Francis Terrace 18
Sepience Center 36 Sunshine Park 38
Bremen Plaza 28 Conoid Avenue 39
3 Golden Island 32 4 Biretta Street 25
Bishof Drive 23 Summer Theater 34
Humsan Factors 41 Colony MNorth 92
Cosine South 29 Ronnie Farm 43
5 Bremen Plaza 28 G Frantiz Boad 81
Seience Center 36 Sunshine Park 33
Sunset Grove 26 Conoid Avenue 39
Walnut Creek 45 Roclowell Research 17
T Tratfic Solution 22 8 Golden Island 32
Cosine South 29 Colony North 92
Human Factors 41 Ronnie Farm 43
Francis Terrace 18 Bishof Drive 23
g Summer Theater 34 10 Roclowell Research 17
Biretta Street 25 Summer Theater 34
Walnut Creek 45 Human Factors 41
Sunset Grove 26 Frantiz Road 81
11 Traffic Solution 22 12 Golden Island 32
Science Center 36 Sunshine Park 38
Ronnie Farm 43 Walnut Creek 45
Bishof Drive 23 Bremen Plaza 28
13 Francis Terrace 18 14 Biretta Street 25
Frantiz Road 81 Roclwell Research 17
15 Conoid Avenue 39 16 Colony North 92
Traffic Solution 22 Cosine South 29
17 Golden Island 32 18 Summer Theater 34

Colony North 92

Sunset Grove 26

1358




Tahle 4,27 {(continued)
Slide | Message presented by Slide | Message presented by__1
Mao. the slide M. the slide
14 Martin 15 20 Morris 21
Tremont 18 Summit 19
Trabue 35 Travis 37
Wesket a0 Weldon 31
21 MNMonroe 31 22 Carter 27
Dexter 21 Mohawk 33
Tuttle 40 Funstock 64
Swigher 83 Astral 42
23 Wesket 30 24 Tremont 16
Trabue 35 Travis 37
Tondorf 46 Weldon 51
Bethel 44 Martin 24
25 Morris 21 26 Monroe 31
Summit 19 Dexter 20
Tuttle 40 Astral 42
Swisher 83 Tunstock 64
27 Mohawls 23 28 Martin 28
Carter 27 Mohawlk 33
Bethel 44 Tutlle 46
Fondorf 46 Tremont 16
29 Morris 1o 30 Monroe 30
Trabue 35 Travis 37
Astral 42 Bethel 44
Summit 19 Dexter 20
31 Carter 27 32 Weaket 30
Tremont 16 Weldon 51 |
a3 Weldon 51 34 SQummit 19
Astral 42 Swisher 83
35 Mohawlk 33 36 Funstock 64

Tunstock 64

Fondort 46
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SUMMIT 19
SWISHER 83

BREMEN PLAZA 28
SCIENCE CENTER 36
SUNSET GROVE 26
WALNUT CREEK 45

Figure 4,44, --Illustrations of slides presented to the subjects
in the Study 1L-2
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each slide of a sign. Your task, therefore, is to

look at the slide as soon as it is presented. After
obtaining the information necessary to answer the
question, we want you to immediately look at the

point "zero" and report the answer., Remember that
it is very important that you do not look at the sign
more than ahsolute minimum time needed to obtain the
answer to the questions. So, try to look at the "zero"
point as soon as you get the needed information, "

After these instructions, the subject was given some practice runs (these
did not use any of the 36 slides used for data collection) until the experimenter
was satisfied over the subjects understanding of his task., After this, the data
collection session began and before each of the trials, depending upon the trial
condition, one of the three questions was presented to the subject.

Type of Informational Need Question
IN1 How many miles is " X "
IN 2 Does this sign include the words "'_x "%
IN 3 Does this sign include the words "_y "7

Note: x = represents the word (or words) that was presented in one of the lines
on the displayed sign, and

y = represents the word (or words) that were not presented on the dis-
played sign.

Results

The data obtained in this experiment was analyzed by considering three
separate problems, The fixed factor analysis of variance model was used on
the three problems. The dependent variable considered for all the problems
was Treqd? i,e,, the minimum time necessary to acgquire the required informa-
tion from the sign, The factors and their levels considered in the three problems
are presented in Table 4,20,

Tahble 4,30 presents a summary of the results obtained from the threc
separate problems. The results show that the following main factors, F, IN,
and L, were statistically significant, The factor W (i.e., the words per ling)
was not found to be significant in problems A and B, but in problem C was found
to be significant at 0.10 level,



Tahle 4, 28

Experiment Design Showing Number of Replications
Used for the Combinations of the Five Factors

2L 4L

IW+N |[ZWFN|IW+ N | 2W+ N

Fl |F2 |Fl | F2[|¥1|¥F2 |F1 [F2

P1 3 B} 3 R

P2 3 3 3 R 3 d 4 g

IN1|| Pa d 3 3 3 B d 3 3
P4 3 4 B 3

. 3 3 4 3

P2 d d 3 3 3 d 3 3

INZ|| P3 d 3 3 3 3 3 3 3
P4 3 3 3 3

IN3 B G B B |32 12| 13 | 12
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Table 4,29

Summary of Experiment Designs Considered for the Definition of

the Three Problems for the Analysis of Data

Problem Replications Factors Levels J
Subjects 2
Familiarity 3
A 6 Words 2
Lines 2
Informational 3
Need
B Subjects 2
(signs involving G Familiarity a
two line messages Words 2
in conditions IN1 Positions 2
and INZ)
cC Subjects 2
(signs involving 3] Familiarity 2
four line messages Words 2
in conditions IN1 Positions 4
and INZ)
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Table 4,30

Results of the ANOVA Tests

Effect due to:* Significance Levels#*
Gt A Ti}.‘ﬁblem B Pl'roblem (4
{2 line messages ) line messagres)
Subjects (S) NS p<0.100 NS
Familiarity (F) p<0.001 p<0.050 p<0.001
Informational Need (IN)| p<0.001 NA NA
Words (W) NS NE p=0. 100
Lines (L) p=0.001 NA NA
Position (P) NA p<0, 25 p<0.001
SxF p<G. 001 NS p<0, 050
SxL p<0.025 NA NA
W x IN p<0, 25 NA NA
LxIN p<0,0L0 NA NA
S5xTx L p<0, 100 NA NA
SxWxIN p<0.025 NA NA
FxLxIN p=0.250 NA NA
ax P NA p<0.100 p<0. 100
FxP NA NS p=0,250
W=xP NA NS p<0. 250
ExTxW NS NS p=<0.100
# = Note: 1. Notation NS = not significant

NA = not applicable; i.e., tested design did
not include the effect

2. Only the significant interactions are presented in this table,
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Figure 4,45 presents the marginal means of Treqd obtained for the four
variables in problem A, Figure 4.46, similarly, presents the marginal means
of qud as a function of position (i.e., number of line) of the needed informa-
tion in the displayed message. Thus, from the results presented in Table 4.30,
Figure 4,45, and Figure 4.46, the following conclusions can be drawn.

1. Tyagq the minimum time necessary to acquire required information
is significantly affected by familiarity of the subjects with the messages pre-
sented as the signs,

2. Treqqd increases with increase in length of message; i.e., lines and
words per line displayed on the signs. The effect of number of lines of displayed
message on T reqd is more pronounced than the effect of the number of words per
line,

3 Treqd depends upon the type of informational need and effects are
similar to these presented and discussed in study F-5.

4, The resulls obtained from problems B and C indicate that a subject
attempts to search information displayed by a sign from top to bottom. There-
fore, it can be stated that if the required message is presented in lower lines,
the subjects would spend more time acquiring the information as compared to
when it is placed in the very first line. Further, the results obtained from the
trials involving four line messages (see Figure 4,46) indicates that the subject's
dominant search patterns were as follows:

a. aearch for needed information in the first line, and

b, if the information is not found, then search in the lines in
the following order: third line, then the second, and, finally,
the fourth.

5. As mentioned earlier, this experiment was primarily conducted fo
determine if the data on Treqd can be obtained under laboratory conditions.
Figure 4,47 presents the grand mean and marginal means obtained from this
study (problem A) and study F-5, It should be noted that in both the studies the
data was obtained by using similar types of messages. The comparisons of the
values of Trr;'qd presented in Figure 4,47 show thal consistantly the values of
Treqd obtained under actual driving situations are higher than those obtained
under similar conditions in the laboratory. Turther, the resulis show that the
cllect of increase in message content and complexity of informational need
increases values of Treqd in the actual driving situations more sharply as com-
pared to similar inerease under laboratory situations. Figure 4,48 illusirates
the ahove described effect,
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Figure 4,45, --Marginal Means of Treqd Obtained as a Function of Levels of:

a) familiarity, b) type of informational need, c) number of words/line, and
d) number of lines on the sign
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0f course, these differences in the T reqd values obtained in the
field and in the laboratory tasks are expected as the subject needs only to con-
centrate on the reading task in the laboratory situations. Further, the com-
parison made here is hased on the tested "information signs'. If "guide signs"
are tested similarly under the field and laboratory experiments, it appears that
the sign reading behavior of the drivers would be considerably different under
fiold situations as compared to the laboratory situation.

There is no doubt that additional research work will be required to pre-
dict values of T peqd with higher accuracy for actual driving situations on the
hasis of laboratory studies. But the results do indicate a possibility of pre-
dicting values of Tyeqq oD the basis of laboratory work.

St L-2

Title: Determination of relationship of Reading Time {Truqd} to the Amount
of Message Acquired in Sign Reading

Objectives: The primary objective of this study was to gain some ins ight into
the problem of determining the amount of message that a subject can receive in
successive fixations.

In the field experiments it was found that in many situations drivers do
not read the entire message presented by a sign., The drivers, depending upon
the vieual load (due to visual informational need for performing driving tasks
other than the sign reading task) and type of informational need (in obtaining
information fron a sign) generally only read a part of the total message dis-
played by a sign. The independent variable cons idered for this experiment was
the amount of message displayed on a sign and it was studied at three levels,

DESCRIPTION OTF THE EXPERIMENT

In this experiment twenty-four slides of signs were selected from the
slides of the signs used in study L-2. The twenty—-four slides included eight
different signs of the three types as shown in Figure 4.49. The twenty-four
signs were randomly ordered for presentation to the subjects, Each sign was
presented to each of the two subjects in tachistoscopic exposures of 200 msec.
in duration. It should be noted that 200 msec. duration was used for tachisto-
scopic exposures as the data collected in all the field experiments showed that
mean durations of fixations that provided information about the signs were
approximately 200 mseecs. in duration.
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Actual Driving

Situations \

Laboratory

i reqd Situations

Small Large

——® DMessage Content on a Sign
—& (Complexity of Informational Need

Figure 4,48, --Conceptual Mustration of the Effect of Actual

Driving versus Laboratory Conditions on Treq d

201



BETHEL 44

rr}-"PEK
DEXTER 20
TREMONT 16
TRAVIS 57
Type ¥
WELDON 51
MARTIN 24
GOLDEN ISLAND 32
BISHOF DRIVE 23
Type 7
HUMAN FACTORS 41
COSINE SOUTH 28

Figure 4,49, --Examples of Signs Presenting Different Amounts
of Message Used in the Study L-3



Two subjects with normal vision participated in this experiment. The
subjects viewed the signs from a distance of 15 feet and the angle subtended by
the letters was about 2 degrees,

The subjects were instructed to read as much of the message in every
presentation and were asked to recite the acquired message, If a subject could
not obtain the entire message on the presented sign in an exposure then he was
given more exposures (up to 10 exposures) to obtain the remaining message. It
should be noted that prior to each presentation of the slides the subject was given
a signal to get ready and fixate on a screen. The dependent variable, thus, was the
amount of message (in words) acquired in every successive exposure of 200 msecs.
in duration,

Results

Tor the determination of the amount of message acquired, the milage
numbers on the signs were regarded as words. Figure 4,50 presents the cum-
mulative percentage of message read by the subjects as a function of number of
exposures, It should be noted thati the data curves presented in Figure 4,50 are
for pooled data of both the subjects,

The curves presented in Figure 4,50 show that in order to correctly
acquire 90% of the total message presented by signs of types X, Y, and Z, are
about 0,6, 1.1, and 1.9 seconds are required, respectively,



Cumulative Percentage of Message Read from Display Sign
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Number of tachistoscopic exposures of (.2 seconds required to

read the message

Figure 4,50, --Graph of Time Required to Read Percentage of

Total Information Displayed by the Sign
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