
A Study of the Feasibility of Using Roadside 
Communications for Traffic Control and 
Driver Information 
Report No. 2 

DONALD 0. COVAULT, School of Civil Engineering, Georgia Institute of Technology; 
TURGUT DERVISH, Traffic Planning Associates, Atlanta; and 
ANDREW C. KANEN, Traffic Research Corporation, Toronto, Ontario 

A method of driver-roadside communication was tested on the Atlanta 
Freeway System during daytime and nighttime driving activities in 
1964 and 1965. The two related studies attempted to evaluate the ef
fectiveness of roadside radio communication on behavior of the driver 
as related to his execution of a diverging maneuver from a freeway 
traffic system. The radio system, called Hy-Com, provides radio 
communications from the roadside to the driver and consists of a car
mounted receiver and a roadside transmitter. 

Volunteer participants were randomly assigned to any one of vari
ous test conditions. Each test condition provided guidance information 
of varying degrees of advance and exit information by using highway 
signing, radio communication or a combination of both. While infor
mation was being given to participants in each test condition, data on 
traffic characteristics of the driver were collected at various positions 
along the freeway and the deceleration lane prior to an exit ramp se
lected for the study. Time-lapse motion photography, the BPR traffic 
analyzer, and manual recording were used. 

Analysis of variance and multiple range test techniques were used 
to determine differences between driver performances under different 
levels of information provided during the running of each test condi
tion. The results indicated that audio messages were as effective as 
visual messages and when given together the performance of test 
drivers was generally better than that of test drivers with only visual 
or audio messages. Indications were that a radio-signing system 
which will provide the necessary information where needed can be 
effective and at the same time avoid extensive over-signing. Addi
tional research is required to determinethe use of radio as a com
munication device on a system basis. 

•A METHOD of driver-roadside communication was the subject of a research project 
conducted by the Engineering Experiment Station of the Georgia Institute of Technology 
in cooperation with the Bureau of Public Roads. The purpose was to investigate the 
feasibility of roadside induction radio communication for traffic control and driver in
formation. Three related studies of communicating with the driver through a radio 
system were conducted during the years of 1963, 1964 and 1965. 

The first year study was designed to measure the effectiveness of roadside radio 
communication as a traffic control and driver information device, to gage the driver's 
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acceptance of this type of roadside radio communication, and to obtain enough infor
mation to determine a preliminary value of the price the driver is willing to pay for 
this communication service. 

To accomplish these objectives, a section of a rural freeway (Kentucky Turnpike) 
was selected for study. At a point along the freeway vehicles from the general motor
ing public were randomly selected and equipped with radio receivers. The drivers 
were given audio information on accidents, typical highway maintenance activities and 
route information while traveling through the test section on the freeway. Time-lapse 
motion photography was used to collect data on traffic flow, and the test drivers were 
interviewed at the end of the test section. 

As a result of the experiment conducted, it was shown that radio communication 
could be an effective device for controlling vehicle speed in hazardous areas . This 
conclusion was indicated by significant differences in speeds between test and control 
vehicles at locations of potential hazard along the test section. 

Interview data showed that drivers generally considered radio communication a 
useful device for providing various types of information in a variety of situations. The 
amount of money that they were willing to pay for a receiver capable of receiving road
side broadcasts indicated driver acceptance of this mode of communication. 

The studies of 1964 and 1965 were both concerned with the evaluation of the effec
tiveness of roadside radio communication on driver behavior as related to the execu
tion of a diverging maneuver from a freeway traffic system. The 1964 study was con
ducted during the day, whereas the 1965 study was conducted at night. 

Figure 1. Location of study areas. 



34 

CURB & GUTTER 

2.50' 

Figure 2. Configuration of deceleration lane and exit ramp, 1964 experiment. 
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Figure 3. Configuration of the deceleration lane 
and exit ramp, 1965 experiment. 

The experiments involved various test 
conditions with each test condition provid
ing guidance info1·mation about a specific 
urban freeway ex.it ramp. The information 
provided in each test condition varied 
from very little to a maximum amount 
and was given through radio communica
tion, highway s igning and a combination 
of both. While information was being given 
to participants in each test condition, data 
on vehicle operating characteristics were 
collected at various positions along a sec
tion of the freeway selected as the test 
site. These data were then used to deter
mine differences between driver perform
ances along the test section prior to the 
exit ramp and in the execution of the di
verging maneuver from the freeway under 
the different test conditions. 

COLLECTION OF DATA 

Study Areas 

The 1964 experiment was performed on 
a 4-mi section of the Northwest Freeway 
in Atlanta. Three interchanges were lo
cated within the limits of the study area. 
Two were modifications of the standard 
cloverleaf type; the third was of diamond
type design. The exit terminal selected 
for study was a modification of the stand
ard cloverleaf design. 
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Figure 4. Typical transmitter antenna installation. 
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The Northwest Freeway was designed in 1952, and as a result, certain geometric 
features of the facility were below the present-day urban freeway standards. These 
differences in geometrics consisted essentially of shoulder widths and type, median 
width and curb type, and the lengths and configuration of the exit terminals. 

The 1965 experiment was conducted on a 0. 65-mi section of the East Freeway in 
Atlanta. This freeway was designed in 1957 and about the only geometric feature below 
present-day urban freeway design standards consis ted of median width and curb type. 
The exit terminal selected for study was of diamond-type design. 

Figure 1 shows the existing freeway systems in the Atlanta area and the location of 
the study areas. Details of the configuration of the deceleration lane and exit ramp are 
shown in Figures 2 and 3. 

Equipment and Instrumentation 

The special equipment and instrumentation used in the experiments were for the 
purpose of communicating with the participating drivers and for collecting information 
on vehicle operating characteristics at various locations along the test section. To 
communicate with the driver, Hy-Com and highway signs were used. 

The radio communication system was developed by Delco Radio, a division of General 
Motors. It provides communications from the roadside and consists of a car-mounted 
receiver and speaker, and a roadside transmitter. As the receiver of an approaching 
automobile enters the induction field of the trigger-loop antenna (positioned on the high
way shoulder just prior to the transmitter), a trigger circuit in the receiver is activated 
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Figure 5. Highway information signs, 1964 
experiment. 

energizing the audio stages of the re
ceiver. As the receiver enters the field 
of the information antenna it senses the 
information signal and provides an audible 
message to the driver. 

The information antenna was an 800-ft 
antenna loop. It broadcast messages for 
about 10 seconds and each message was 
repeated at least 3 or 4 times. Highway 
signs were positioned at the end of this 
loop antenna where audio messages ceased 
to be given. A message given the first 
time at the beginning of the 800-ft antenna 
loop was not usually understood by most 
test drivers who were traveling about 50 
mph. By the time the message was re
peated, two or three seconds had elapsed 
corresponding to a distance of about 200 
ft. Thus, the driver would start under-
standing the audio message at a distance 
of about 600 ft from the highway sign. A 
study has shown that the mean nighttime 
legibility distance of 10-in. white reflec-
torized letters on a dark non-reflectionized 
background, under simulated roadway con
ditions, is about 600 ft (14). In other 
words' audio messages were given as soon 
as highway signs became visible to drivers 
so that each method of communication was 
understood at about the same time. Fig
ure 4 shows a transmitter and two loop 
antennae positioned along a roadside. 

The highway information signs, ap-
proaching wit.'lin practical limits freeway 
signing standards, were constructed of 
%-in. plywood. To avoid undue interfer
ence with and confusion to normal traffic, 
these signs consisted of a white legend on 
a black background as opposed to standard 
white legend on a green background. Upper-

case letter height was 15 in. and lower-case letter height was 10 in. Figures 5, 6 and 
7 show the highway information signs. 

To collect data on traffic flow at various locations along the test section the BPR 
traffic analyzer, time-lapse motion photography, and manual recording were used. 
The traffic analyzer is a mobile unit containing an assembly of equipment which pro
vides automatic digital recording of traffic data at several positions on the highway. 
As the front wheels of a vehicle pass over the first and second tubes of a speed detector 
and over the placement detector located between the speed detector tubes, speed, time 
and placement data are recorded on adding machine or punch tapes. The typical layout 
of vehicle speed and lateral placement detectors is shown in Figure 8. 

The camera equipment for time-lapse motion photography consisted of Bolex 16-mm 
movie cameras driven by 110-volt AC synchronous motors at a rate of 100 frames per 
minute. At locations where no electric power was available, heavy-duty batteries and 
vibrator-type convertors were used. 



EXIT , 
Figure 6. Highway information signs used in the actual 

experiment of 1965. Figure 7. Highway information signs not used in the actual 
experiment of 1965. 
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Figure 8. Typical layout of vehicle speed and lateral 
placement detectors. 

Before photographing, a grid 
system was painted on the edges of 
the pavement perpendicular to the 
centerline of the freeway as itwould 
appear superimposed on the pro
jection screen. This grid system 
was to help in analyzing the film 
for traffic data. The grid system 
extended for a distance of 240 ft 
at 40-ft intervals at each camera 
location (Fig. 9). 

To provide good coordination 
and efficiency in the performance 
of the experiments, the staging 
area, traffic analyzer and camera 
positions, and any mobile patrol 
units, were linked together with 
several citizen band and UHF radio 
units. 

Design of Experiments 

Test Subjects-Volunteer par
ticipants from local business of
fices, institutions, service club 
organizations, Georgia Tech stu
dents and staff were used as test 
subjects. A total of 127 volunteer 
participants were recruited for the 
1964 experiment and 310 for the 
1965 experiment. 

To evaluate the effect of the radio 
communication on the learning pro
cess of motorists, test subjects were 
requested in the 1964 experiment 
to participate for three repeat trips 
over the test section, each trip tak-

ing place on a different day, under as nearly as possible identical conditions. The test 
condition on each of the three trips was the same, but the test subjects were not so in
formed before participation. 

The 1965 participants were requested to travel over the test section only once. They 
were asked to travel in the right through lane because speed detector tubes of traffic 
analyzers covered only a one-lane width. H a slower vehicle was traveling ahead of 
them , they were instructed to pass the vehicle and return to the right through lane. 

To familiarize the test subjects with the operation and characteristics of the radio 
equipment, a briefing session was held before the actual running of the experiments. 
In addition, specific directions were given regarding the test route, and each participant 
was randomly assigned to a specific test condition and provided with a schedule of days 
on which he was asked to travel over the test section. The chronological order of the 
test conditions was randomized. In the event of wet pavement or other difficulties, a 
test condition was rescheduled to take place after all other test conditions were 
conducted. 

To negate, as much as possible, the test subjects' specific advance knowledge re
garding the exact location of the selected freeway exit ramps, these ramps were re
named "Random Road. " The participants were requested to exit at Random Road, the 
specific location not being revealed. 
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Figure 9. Typical camera and grid layout. 

Test Conditions 

AOVl 

AlVl 

AOV2 

A2Vl 

A2V2 

AOVO 

(control) 

TABLE 1 

TEST CONDITIONS, 1964 

Type of 
Information* 
----

Advance 

Exit 

Advance 

Exit 

Advance 

Exit 

Advance 

Exit 

Advance 

Exit 

No message 

Audio Message 

No message 

No message 

,,Random Road 
one mile ahead" 

No message 

No message 

No message 

"Random Road 
one mile ahead11 

nRandom Road 
exit" 

''Random Road 
one mile ahead" 

"Random Road 
exit'' 

Visual Message 

Random Road 
exit 1 mile 

No message 

Random Road 
exit 1 mile 

No message 

Random Road 
ex.it 1 mile 

l Rando;n Road J 

I E~t l \ 
Random Road 
exit 1 mile 

No message 

Random Road 
exit 1 mile 

I Rando~ Road I 
I E;it l 

Data from a systematic sample of ve
hicles were collected for control. These 
drivers were unaware of the experiment 
but were considered to have maximum 
information since they exited at the same 
ramp as the test vehicles. 

*Advance information was given through transmitter No. 4; exit information, through transmitter 
No. 5. 
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Test Condition 

AOVO 
(control group) 

TABLE 2 

TEST CONDITIONS, 1965 

Type of Audio Message Information* 

Advance No message 

Exit No message 

Advance No message 

Exit No message 

Advance "Random Road 
% mile 11 

Exit No message 

Advance '
1Random Road 

% mile" 

Exit No message 

Advance No message 

F.xit No message 

Advance "Random Road 
Ya mile11 

Exit ''Random Road 
exit" 

Advance 
1

' Random Road 
Y2 mile' 1 

Exit No message 

Advance 
Ir Random Road 

% mile" 

Exit "Random Road 
enttt 

Advance "R:::...'ldarr:. P..c:::.d 
% mile" 

Exit "Random Road 
ex.it" 

Visual Message 

No message 

I E~t( 
Random Road 
exit% mile 

1~11 1 
No message 

IE~tl 
Random Road 
exit 1/2 mile 

l ~~itl 
Random Road 
exit% mile 

I Rando.!° Road ] 

I E~it I 
No message 

I E~itl 
Random Road 
exit% mile 

l Rando~ Road I 
IE;it( 

Random Road 
exit% mile 

I E~itl 
0,., .. ,-1,.,......, 0 ........ .-1 

~;lt .. %H~~u~--

I Rando~ Road I 
IE~it I 

"'Advance information WO$ given through transmitter No. 4; exa information, through transmitter No. 5. 

Test Conditions-The experiments were to evaluate radio communication as an ef
fective aid to the motorist in performing a diverging maneuver from a freeway traffic 
stream. 

There were various separate test conditions. The differences consisted of varying 
degrees of advance and exit information provided, and the use of different modes, or 
combinations of modes, of conveying this information. The test conditions are given 
in Tables 1 and 2. In these tables, visual information refers to highway signing and 
audio information refers to roadside radio communication. The advance information 
was provided approximately one mile in advance of the Random Road Exit for the 1964 
experiment and approximately one-half mile in advance for the 1965 experiment. The 
exit information was provided near the beginning of the tapered section of the decelera
tion lane and at the gore of the exit ramp. 

A secondary experiment, conducted concurrently with the 1964 experiment, con
sisted of providing audio messages regarding simulated roadside activities on the test 
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Figure 10. Test route and relative locations of staging area and test section, 1964 experiment. 
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section. Three different test conditions were used: grass cutting on the highway 
shoulder, positioning of a disabled vehicle on the shoulder adjacent to the outside 
travel lane, and provision of general route information without any simulated physical 
roadside activity. 

The purpose of the secondary experiment was to provide an evaluation of the effec
tiveness of roadside radio communication as a general informational device and to pro
vide a "screen" by concealing from the participant the importance of the primary 
experiment. 

For the grass cutting condition, the only warning motorists received other than 
radio messages was provided by a tractor operating with the headlights turned on. The 
radio messages were as follows: transmitter No. 2-"Grass cutting one mile ahead"; 
transmitter No. 3-"Caution, grass cutting 1, 000 feet ahead." 

For the disabled vehicle condition a %-ton pickup truck with the hood raised was 
parked on the shoulder of the highway near the pavement edge. No other warning de
vice other than the radio messages was employed. The messages were the following: 
transmitter No. 2-"Disabled vehicle one mile ahead"; transmitter No. 3-"Caution, 
disabled vehicle on shoulder." 

The general route information condition was conducted without any simulated phys
ical roadside activity and involved the provision of the following radio messages: trans
mitter No. 2-"You Are Leaving Atlanta, Capital of Georgia"; transmitter No. 3-"Mar
ietta 12 miles; Chattanooga 115 miles." 
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Figure 11. Transmitter, analyzer, camera, •Jnd highway sign locations along the test section, 1964 experiment. 
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Performance of Experiments 

Experiment of 1964-The experiment was conducted from July 21 to July 30, 1964. 
To avoid the influence of peak-hour traffic volumes on the experiment and the incon
venience to the test subjects resulting from peak-hour traffic conditions, the experi
ment was conducted between 9:30 a. m. and 3:30 p. m. The 6-hr period was divided 
into morning and afternoon periods, 9:30 a. m. to 12:30 p. m. and 12:30 p. m. to 3:30 
p. m. Each 3-hr period constituted a test period during which one of the group of test 
subjects executed one trip over the test route. 

On the designated day and within the limits of the stipulated 3-hr period, the 
participants in the appropriate test condition arrived at the staging area, where the 
Hy-Com receivers and speakers were installed on their vehicles by project personnel. 
Colored adhesive stickers were applied to the bumpers to permit easy identification 
during the film analysis and to provide ready identification for the traffic analyzer op
erators where manual coding was required. 

Transmitter No. 1, located at the staging area, provided a final test for adequacy 
of performance of the receiver and speaker and helped the driver become familiar with 
the sound of the radio instructions. Driving instructions and travel directions which 
the test subjects had received during the briefing session were briefly reiterated for 
each driver before his departure from the staging area. The test driver then proceeded 
along the designated route to the test section on the Northwest Freeway where audio and 

i ~ 
t i t i t ! i~ '""""'/ 

I I 

- POSITION 5 

--- -'-POSITION 2 
POSITION 1 WAS LOCATED 0.4 MILES 
IN ADVANCF OF THE EXIT. 

Figure 12. Locations of data observation positions, I 964 experiment. 



44 

visual messages were given in accordance with the test schedule employed for each 
period. Figure 10 shows the test route and relative locations of the staging area and 
test section; Figure 11 shows the test section with camera, transmitter and highway 
sign locations along with actual messages broadcast and highway information signs 
provided. 

Approximately 1, 000 ft beyond transmitter No. 3, camera No. 1 was positioned 
on the overhead structure of Howell Mill Road to record the passage of test vehicles. 
This camera position was the only data observation station for the secondary experi
ment. Approximately 0. 4 miles before the Random Road exit, camera No. 2 was lo
cated on the overhead structure of Peachtree Battle Avenue. At this point, test sub
jects had already received the advance exit information, and data collection was based 
on the same rate and time schedule of film exposure as camera No. 1. The film was 
exposed continuously from 9:30 a. m. to 10:10 a. m. and from 10:30 a. m. to 11:10 a.m., 
and from 12:30 p. m. to 1:10 p. m. and from 1:30 p. m. to 2:10 p. m. 

Camera No. 3 was located on the overhead structure of Moores Mill Road (Random 
Road) and recorded vehicle travel characteristics along the tapered section of the de
celeration lane. In addition, four traffic analyzer data collection positions were lo
cated in the vicinity of the exit (Fig. 12). Data collection at these positions near the 
exit was on a continuous basis. The traffic analyzer traps together with camera No. 3 
recorded data on all vehicles exiting the freeway. Time-lapse movie photography was 
interrupted only at the end of each film to allow reloading of the camera, which took 
approximately ten minutes. 

Because the traffic analyzer speed and placement traps covered only one lane width 
at any one position, it was possible for a vehicle to bypass the first three traps and 
still exit via the Moores Mill Road off-ramp. Test vehicles missing some of the traps 
and the passage of vehicles through the camera observation areas during reloading 
periods produced unequal numbers of data observations at the various points along the 
test section. In addition, the percentage of test subjects actually participating differed 
between groups and between trips of any one group. 

ST ACIMG AREA 

CAPITOL AVE . 

Figure 13. Location staging area, test route and test section, 1965 experiment (test drivers traveled 
easterly from the staging area to Glenwood Avenue interchange where they turned around and traveled 

westerly toward the test section). 
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TABLE 3 

MESSAGES NOT INCLUDED IN THE ACTUAL EXPERIMENT OF 1965 

Location Audio Message Visual Message 

Staging area Transmitter No. 1: 
"Information on actual Radio experiment 
roadway conditions will Atlanta Freeway 
be given to you on East 
Freeway. 11 

Near Maynard Terrace Transmitter No. 2: I Rando'.'.' Road I 
before Glenwood off- "Turn around at 
ramp Glenwood.11 

East of Moreland Transmitter No. 3: 
Avenue "Use right through No message 

lane." 

Experiment of 1965-The experiment was performed during a nighttime traffic sit
uation from 8:30 p . m. to 11:00 p. m. from July 19 to August 3, 1965. One test condi
tion was studied each night. 

At the staging area, project personnel installed Hy-Com receivers and speakers on 
the vehicles of the participants. For identification during data r ecording and film anal
ysis, a light bulb, connected with the car's battery, was attached to the grill at the 
lower right front of each car. Reflectionized bumper stickers were also placed on the 
rear bumper. 

Transmitter No. 1 provided a final test for adequacy of performance of the receiver 
and speaker and helped the driver become familiar with the sound of radio instructions . 
Driving instructions and directions for travel over the test section were briefly r epeated 
for each driver, and then he proceeded along a designated route to the test section and 
exited at Random Road. 

Between the staging area and Random Road test drivers were given audio, visual, a 
combination of audio and visual, or no information according to the particular test 
schedule. Two of the four transmitters (Nos. 2 and 3) located at two positions between 
the staging area and test section were not included in the actual experiment, butbroad
cast information on test route and lane usage. Figure 13 shows the location of the stag
ing area, test section and transmitters. 

Transmitter Nos. 1, 2 and 3 broadcast their respective messages to all test sub
jects no matter what test condition was employed. No data were collected at these lo
cations. Table 3 gives the location of transmitters and highway signs not included in 
the actual experiment and the type of messaige given at each location. 

Data collection locations along the test section were at three critical positions: (a) 
in the vicinity of the advance information point for Random Road (before and after any 
advance information), (b) in the vicinity of the exit information point for Random Road 
(before and after any exit information), and (c) at the point of entry (beyond exit infor
mation at entrance to th.e exit ramp). Two traffic analyzers and three cameras were 
used to collect traffic data in the vicinity of the advance and the exit information points. 
At the point of entry the positions where the test cars entered the deceleration lane 
were recorded by determining the point of entry of both right and front wheels with re
spect to t he beginning of the tapered section of the deceleration lane. 

A t raffic analyzer located about 1, 000 ft west of the Boulevard Interchange structure 
was used to record data at four positions for vehicles prior to and during any advance 
information. Camera No. 1, which was positioned facing the traffic on the overhead 
structure of Boulevard, recorded the passaige of vehicles while actual advance messages 
were being given according to the particular test schedule. Transmitter No. 4 and high
way signing were used to give advance messages in accordance with the test schedule 
employed for the night at this portion of the test secuon. 

Camera No. 2 was positioned on the same overhead structure as camera No. 1 and 
recorded the passage of vehicles going away after advance or no information had been 
given. Camera No. 3 was positioned on the overhead structure of Cherokee Avenue 
facing the traffic and r ecorded the passage of vehicles along a portion of the test sec
tion after any advance information and prior to any exit information. 
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A second traffic analyzer was used to collect traffic data during and after any exit 
information (or none) was given. Exit information was given through either transmitter 
No. 5 or highway signs, or both. Figure 14 shows the test section with transmitter, 
camera, analyzer, highway sign locations, and speed-measurement positions. 

A total of 310 test cars participated in the experiment. However, due to camera or 
traffic analyzer failures, reloading of cameras, and the effect of cars leading or trail
ing the test car on the speed of the test car, some of the data collected were eliminated 
from the analysis. The data were analyzed with respect to the entire test section as a 
unit and also in two increments of the test section: (a) the vicinity of advance informa
tion point (positions 1 through 6), and (b) the vicinity of exit information point (posi
tions 6 through 11). Of the 310 test cars which participated in the experiment, only 
121 could be used for the entire test section, 141 for the vicinity of the advance infor
mation point, and 147 for the vicinity of the exit information point. 

DATA ANALYSIS 

The film exposed at the camera locations was analyzed by projecting it through a 
time and motion study projector which allowed a frame-by-frame analysis of each roll 
of film. The film was projected onto a screen on which a grid was superimposed to 
the same scale as the grid painted on the pavement. Using the grid technique it was 
possible to analyze the film for vehicle speed, travel time, and lateral placement. 

The traffic analyzer data required the decoding of the printed or punch tape data 
and the correlation or tracing of each vehicle through each of four positions. Decod
ing the data yielded the time and speed of each vehicle at each position and the lateral 
distance between the center of each vehicle and the pavement edge. Lateral placement 
was measured only in the 1964 experiment. 

After individual vehicle speeds were obtained at various positions along the test 
section, vehicle accelerations or decelerations were computed for the various zones 
which consisted of increments of the test section between speed measurement positions. 
These were computed on the basis of initial velocity, final velocity and distance tra
versed. The relationship used was 

Acceleration 
(v )2 - (v )2 

2 l 
(1) 

2S 
where 

v1 initial velocity; 

v2 final velocity; and 

S distance traversed. 

The traffic parameter, acceleration noise, was computed from data obtained during 
the 1965 experiment. Continuous data on speed-time relationships, which permit the 
computation of acceleration noise, were collected at 11 speed-measurement positions 
along the test section. Acceleration noise is defined as a measure of the smoothness 
(or uniformity) of the driving given by the dispersion cr of the acceleration noise. Math
ematically stated this quantity is 

where 
cra acceleration noise; 

T 

~ / (at - a/ dt 

0 

T time duration of travel over the test section; 

at acceleration of a car at time t; and 
-at average acceleration of the car over the test section. 

(2) 
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If a car's final speed is the same as its '.(nitial speed, a = 0. Also, for any pro
longed journey it approaches zero and in most cases it is ~omparatively small and can 
be neglected. Thus , acceleration noise is nor mally calculated by the equation. 

2 
aa = 

1 
T 

T 

/ 
0 

a2 dt t 
(3) 

In this study acceleration is sampled at success.ive intervals, At, and therefore an 
estimate of acceleration noise was obtained by approximating Eq. 3 by 

n 

a~ ~ ~ ~ [ a(t)i]2 Ati (4) 

i= 1 

where 
a(t). acceleration at an increment of the test section; 

l 

Ati == travel time between consecutive speed measurement positions; and 

n == number of increments of the test section. 

In the study of 1965, the entry to the deceleration lane was divided into five equal 
increments of 100 ft in length starting from the beginning of the tapered section of the 
deceleration lane. An observer recorded the position of entry of both right and left 
front wheels of each test car as it entered the deceleration lane. Thus it was possible 
to determine the percentage of test cars entering the deceleration lane at various in
crements of the deceleration lane under different test conditions. These data were 
used to compare the point of entry of test subjects under different levels of information 
as they entered the deceleration lane. 

Performance Criteria. 

To evaluate d1·ive1· per.fo1·ma.11c1: and behavior under various ieveis oi information, 
several criteria were selected as "ideal standards." For the 1964 experiment contin
uous data were collected from a point located about 50 ft before the beginning of the 
tapered section of the deceleration lane to a point at the beginning of the off-ramp. The 
only other data observation point was located approximately 0. 5 mi in advance of the 
exit. The criteria were 

1. Test drivers should have constant speeds along the freeway and should exit the 
freeway without slowfo.g down on it; 

2. The drivers should decelerate along the deceleration lane in making the diverging 
maneuver; and 

3. The vehicle placement on entry into the deceleration lane should be as close as 
possible to the outside edge of the pavement. 

For the 1965 experiment continuous data were collected in the vicinity of both the ad
vance and the exit information points. The criteria selected as "ideal standards" were 
as follows: 

1. In the vicinity of the advance information point, deceleration should approach 
zero: 

(5) 
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2. In the vicinity of the exit information point, deceleration should approach zero: 

(6) 

3. At the point of entry, entry into the deceleration lane should be at earliest pos
sible point: 

= point of entry, and 

= point of taper. 

Acceleration noise along the test section should approach zero: 

1 
T 

T 

/ (at - a/ dt-+ 0 

0 

(7) 

(8) 

In certain instances, the control group was used as a basis of comparison but not 
as an "ideal standard." 

Statistical Analysis 

After individual vehicle speed, acceleration and lateral placement data were ob
tained, they were analyzed using analysis of variance and multiple range techniques. 
Because of the unequal number of test subjects in each test condition, the standard 
analysis of variance technique was not applicable. The analysis of variance for the 
nonorthogonal data is described in detail elsewhere (9). Subsequent to the analysis of 
variance, Scheffe's method was used in order to judge all contrasts in the analysis 
where significant differences were indicated. It was decided to determine contrasts 
at the 10 percent significance level instead of the usual 5 percent and 1 percent because 
of the large variabilities involved in traffic data. 

Statistical analysis made for data computed for acceleration noise was through the 
usual techniques of analysis of variance for a one-way classification experimental 
design. 

Primary Experiment (1964) 

Analysis of Variance, Vehicle Speeds-After the analysis of variance for the depen
dent variable of speed, comparison tests were made to determine which of the test 
conditions and which of the trips were significantly different. The results are given 
in Table 4, which shows the rank order and significant differences of vehicle speeds 
at the seven positions. 

The results at position 1 indicate that drivers in the various test conditions operated 
their vehicles in a manner which did not produce significantly different speeds among 
groups. All other positions showed significant differences in vehicle speeds between 
the various test conditions . Test condition A 2v2 , which was given the greatest infor
mation, was found to have significantly higher speeds throughout the length of the de
celeration lane, except at the beginning of the tapered section, than test condition A 0v1, 
with least information . The contr ol group, similar to test condition A 2V 2, exhibited 
significantly higher speeds than test condition A 0v1 throughout the deceleration lane, 
except at the end of the lane and on the off-ramp (positions 6 and 7 respectively). The 
control group data were collected for vehicles which exited the same ramp as test ve
hicles but were unaware of the experiment. The control group drivers were considered 
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TABLE 4 

RANK ORDER AND SIGNIFICANT DIFFERENCES BETWEEN TEST 
CONDITIONS FOR THE DEPENDENT VARIABLE SPEED 

(SignUicance Level 10 Percent) 

Test Condition and Mean Speed (mph) 
Position 

LowP.st Highest 

AOVl AOV2 A2Vl AlVl A2V2 Control 

48. 15 49.15 50. 45 50. 49 50. 54 51. 99 

AOVl AlVl A2Vl AOV2 ~v2 Control 

41. 41 43 . 06 43. 37 43. 52 44. 44 45. 9 

3• AOVl AlVl AOV2 A2V2 A2Vl Control 

39. 46 40. 18 40. 88 41. 39 41. 89 42 . 03 

AOVl A1v 1 A2Vl A2V2 AOV2 Control 

37. 88 39. 73 40. 13 40. 34 40. 38 41. 43 

AOVl AOV2 AlVl A2V2 A2Vl Control 

35. 33 38.18 38. 61 39. 19 39. 49 39. 62 

A
0

v
1 Alvl Control A2Vl AOV2 A2V2 

29. 02 31. 01 31. 55 31. 91 32 . 02 32.14 

7* Control AOV3 A0v 1 
A

1
v

1 A2Vl A2V2 

21 . 50 21. 55 21 . 71 21. 96 22 . 48 22 . 69 

There ore no significant differences between tho5e condit ions unde rl ined. 
*The significan t ranges for positions 3 and 7 were not detectable with Scheffe's procedure, and were 

estimated using Duncan's procedure . 

as having maximum information since they knew they would be exiting the freeway at 
this specific ramp. The nonsignific~mt differences in vehicle speeds between the con
trol group and any of the other test conditions at the end of the deceleration lane and on 
the off-ramp, and the significantly lower speeds recorded for the control group (maxi
mum information) on the off-ramp than test condition A2V2 (supplied with the most 
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TABLE 5 

RANK ORDER AND SIGNIFICANT DIFFERENCES 
BETWEEN TRIPS FOR THE DEPENDENT 

VARIABLE SPEED 

Position 

6 

(Significance Level 10 Percent) 

Lowest 

Trip 1 

49. 13 

Trip 1 

43 . 00 

Trip 3 

40. 61 

Trip 1 

39. 64 

Trip 1 

37. 5B 

Trip 1 

30.45 

Trip 1 

21. 32 

Trip 2 

49. 47 

Trip 3 

43. 65 

Trip 1 

40. 91 

Trip 2 

40. 04 

Trip 3 

38. 85 

Trip 3 

31.45 

Trip 3 

22.12 

There are no significant differences between th<M.e trips 
underlined. 

Highest 

Trip 3 

51. 75 

Trip 2 

43. 90 

Trip 2 

41. 40 

Trip 3 

40. 31 

Trip 2 

38. 95 

Trip 2 

31. 92 

Trip 2 

22. 49 
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information), indicate that the control 
group test subjects were aware of the ge
ometry of the exit ramp and their speed 
was controlled by prior knowledge of its 
configuration. 

Test condition Ao V2 with visual advance 
and exit information was found to have sig
nificantly higher speeds than test condi
tion A0v1 at the midpoint along the taper 
and at the end of the deceleration lane . 
Similarly, test condition A2 V1 with two 
audio and one visual message showed sig
nificantly higher speeds than test condi
tion AoV1 at two locations along the decel
ration lane. 

These results indicate that as the 
amount of information given to test sub
jects was increased, they traveled gen
erally at higher speeds during the execu
tion of the diverging maneuver. Although 
there were no significant differences in the 
behavior of all the test subjects in the vi
cinity of the advance information, there 

were significant differences in the vicinity of the exit information. The significantly 
lower speeds of test condition AoV1 from some of the other test conditions provided 
with more information at positions before the beginning and along the tapered section 
of the deceleration lane, indicate that test subjects with least information showed a 
tendency to slow down on the freeway and in the early stages of the diverging maneuver. 

Mean vehicle speeds for each test condition at the seven positions near the exit ramp 
are shown in Figure 15. The results of the comparison tests between the three trips 
for the seven positions are summarized in Table 5. 
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Figure 16. Mean vehicle speeds for each trip at seven positions near the exit. 
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TABLE 0 

RANK ORDER AND SIGNIFICANT DIFFERENCES BETWEEN TEST 
CONDITIONS FOR THE DEPENDENT VARIABLE DECELERATION 

(Significance Level 10 Percent) 

Test Condition and Mean Deceleration (ft/ sec') 
Zone 

Lowest Highest 

l AOVl A2Vl A
1

v 1 AOV2 ~v2 Control 

2. 02 2. 09 2.17 2. 65 2. 79 2. 91 

Control AOV2 A2V2 A1v 1 AOVl A2Vl 

0. 86 1.13 I. 51 4. 52 1. 57 1. 80 

a• A
1
V

1 ~v2 A2Vl AOV2 Control AOVl 

0. 32 o. 81 1.18 I. 36 I. 34 I. 49 

4 AOVl ~v1 AOV2 ~v2 A
1
V1 Control 

2. 29 2. 74 2. 79 2. 85 3. 02 3. 21 

AOVl A
1
v

1 ~v2 A2Vl Control AOV2 

2. 88 3. 63 3. 79 3. 93 3. 97 4. 33 

There are no significant differences between those conditions underlined, 
•The significant ranges for position 3 were not detectable with Scheffe's procedur., and were esti

mated using Duncon 1s procedure. 

The vehicle speeds during the three trips were found to be not significantly different 
at approach to and along the tapered section of the deceleration lane (positions one through 
four). However, from the beginning of the full-width deceleration lane through to the be
ginning of the exit ramp, the vehicle speeds during trip 1 were significantly lower than those 
during trip 2. During trip 2, test subjects were familiar with the configuration of the de
celeration lane, and the the exit ramp and the higher speeds recorded during trip 2 show the 
effects of learning. Mean vehicle speeds for each trip at the seven positions are shown in 
Figure 16. 

Analysis of Variance, Deceleration-After analysis of variance for the dependent 
variable of deceleration, comparison tests were made to determine which of the test 
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Figure 17. Mean vehicle deceleration of the test conditions in five zones near the exit. 



TABLE 7 

RANK ORDER AND SIGNIFICANT DIFFERENCES 
BETWEEN TRIPS FOR THE DEPENDENT VARIABLE 

DECELERATION 
(Significance Level 10 Percent) 

Trip and Mean Deceleration Rate (ft/sec3
) 

Zone 

3 

Lowest 

Trip 1 

1. 82 

Trip 3 

1.11 

Trip 2 

0 . 83 

Trip 1 

2. 74 

Trip 1 

3. 57 

Trip 3 

2 . 55 

Trip 2 

1. 23 

Trip 3 

I. 04 

Trip 2 

2. 82 

Trip 3 

3. 79 

There are no significant differences between those trips 
unde rl ined . 

Highest 

Trip 2 

2. 96 

Trip I 

I. 87 

Trip I 

I. 32 

Trip 3 

2. 89 

Trip 2 

3. 91 

53 

conditions and which of the trips were 
significantly different. The results are 
shown in Table 6, which shows the rank 
order and significant differences of ve
hicle decelerations at the various zones 
along the deceleration lane. 

Decelerations were found to be not sig
nificantly different among the test condi
tions in the first two zones or along the 
first half of the tapered section of the 
deceleration lane. 

In zone 3, in the second half of the 
tapered deceleration section, the control 
group (maximum information) and condi
tion AoV1 (least information) decelerated 
at significantly higher values than test 
condition A 1V1 with both visual and audio 
advance information. 

In zones 4 and 5, which are located at 
the full-width section of the deceleration 
lane and on the exit ramp, the control group 

decelerated at a significantly higher value than test condition AoV1. Also in zone 5, 
test condition AoV2 with visual advance and exit information decelerated at a signifi
cantly greater value than test condition A 0V1 . 

The control group had high decelerations all through the deceleration lane except in 
zone 2, located near the midpoint of the tapered deceleration section. Test condition 
AoV1, with only an advance visual message, had high decelerations in zones 2 and 3 
along the tapered section of the deceleration lane, and the lowest decelerations in zones 
1, 4 and 5, at the beginning of the tapered section of the deceleration lane and along the 
full width of the deceleration lane. 
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TABLE 8 

RANK ORDER AND SIGNIFICANT DIFFERENCES BETWEEN THE TEST 
CONDITIONS FOR THE DEPENDENT VARIABLE LATERAL PLACEMENT 

(Significance Level 10 Percent) 

Test Condition and Mean Lateral Placement (ft) 
Position 

Lowest Highest 

(Not analyzed) 

A1v1 A0v1 A2V2 A2Vl AOV2 Control 

4. 37 5. 51 5. 55 5. 55 5. 57 5. 65 

A2V2 A1v1 A0v1 A2Vl Control AOV2 

5. 81 5, 86 5. 99 6, 28 6. 49 6. 77 

A2V2 A1v1 A0v1 A2Vl AOV2 Control 

5. 80 6. 03 6. 28 6. 90 7. 13 7. 39 

s AOV2 A0v1 A2Vl A1v1 A2V2 Control 

7. 30 7. 38 7. 52 7. 68 7. 93 8. 20 

6 (No data collected at this position) 

A
0

V1 A2V2 A2Vl Control A1v1 AOV2 

5. 90 5. 98 6. 20 6. 28 6. 59 6. 77 

There are no significant differences between those conditions underlined. 

The high decelerations for test condition Ao v1 with least information in the early 
stages of the diverging maneuver may be an indication of the uncertainty of the drivers 
as to the location of "Random Road." 

Mean vehicle decelerations for each of the groups in each of the five zones are shown 
in Figure 17. The results of the comparison tests between the three trips are given 
in Table 7. 

A significant difference between decelerations during the three trips was found in 
zones 1 and 2 in the vicinity of the beginning of the tapered deceleration section. The 
mean deceleration -was significantly lower during the first trip than during the second 
trip in zone 1. and in zone 2 the rate during the first trip was significantly higher than 
during trip 3. However, these data do not provide evidence to indicate conclusively 
the effects of learning on deceleration. Mean vehicle deceleration rates for each trip 
in the five zones are shown in Figure 18. 

Analysis of Variance, Lateral Placement Data-The term lateral placement, as 
used in this report, refers to distance between the pavement edge and center of 

test cars at various positions along the 
test section. In view of the limitations 
of the lateral placement data produced 

TABLE 9 

RANK ORDER AND SIGNIFICANT DIFFERENCES 
BETWEEN TRIPS FOR THE DEPENDENT VARIABLE 

LATERAL PLACEMENT 
(Significance Level 10 Percent) 

Trip and Mean Lateral Placement (ft) 
Position 

Lowest Highest 

(Not analyzed) 

Trip 2 Trip 3 Trip 1 

Trip 3 Trip 2 Trip 1 

4* Trip 3 Trip 2 Trip 1 

Trip 3 Trip 1 Trip 2 

(No data collected at this position) 

Trip 2 Trip 3 Trip 1 

There are no significant differences between those trips 
underlined. 
*The significant ranges at position 4 were not detectable with Scheffe's 

procedure and were estimated using Duncan's procedure. 

by the bypassing of the placement traps 
at positions 2 and 5, the analysis of 
variance results for these data must be 
interpreted with caution. No analysis 
of variance was performed on the place
ment data at position 1 because test 
vehicles traveled in both the median 
lane and the outside travel lane of the 
freeway at this position. 

The analysis of variance indicated sig
nificant differences between vehicle place
ments of the test conditions at positions 3 
and 4 (along the tapered deceleration sec
tion), and position 5 (beginning of the full 
12-ft width of deceleration lane), and posi
tion 7 (on the exit ramp). There were no 
significant differences found between 
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vehicle placements of the test conditions at position 2 (on the freeway just prior to the 
beginning of the tapered section of the deceleration lane). 

The vehicle placements during the three trips were significantly different at all 
positions except position 5. The results of the comparison tests between vehicle lat
eral placements of the test conditions are shown in Table 8. The vehicle placements 
of test cars in test condition A2V2, provided with most information, were found to be 
generally lower in value than those of other test conditions and not significantly differ
ent from those of the control group except at position 4, located at the beginning of the 
full-width deceleration lane. This indicates that vehicles in test condition A2V2 were 
traveling nearer to the outside or shoulder edge of the pavement than other test condi
tions . In other words, the entry of test condition A2v2 vehicles into the deceleration 
lane was earlier than other test groups. Vehicle placements in the control group (maxi
mum information), however, were generally higher in distance from the pavement edge 
than those of other test conditions. Drivers in the control group may have exited atthis 
ramp more casually than the test drivers because these drivers were more familiar with 
thegeneral configurationand layoutof the exit ramp than any of the test condition drivers. 

The results of comparison tests indicated that the vehicles in test condition A2v2 
were traveling significantly nearer to the outside or shoulder edge of the pavementthan 
test condition A 0v2 (visual advance and exit information) at positions 3 and 7, and sig
nificantly nearer the edge than the control group at position 4. At position 5, the be
ginning of the full width of deceleration lane, vehicle placements in test condition A0v2 
were significantly nearer to the outside edge of the lane than the control group vehicles. 
It was at this position that the highest frequency of vehicles bypassing the traps occurred. 

The results of the comparison tests of vehicle lateral placements for the three trips 
are shown in Table 9. The vehicle placements during the first trip were significantly 
farther from the outside edge of the pavement at positions 2 and 3 than during the sec
ond and third trips. These data indicate that drivers during the second and third trips 
were familiar with the deceleration lane and exit ramp, and made more efficient use of 
the deceleration lane by traveling closer to the shoulder edge of the pavement. Vehicle 
placements were also significantly farther from the edge during trip 1 than during trip 
3 at position 4, and significantly farther from the edge than during trip 2 at positon 7. 
There were no significant differences in lateral placements between the three trips at 
position 5, the beginning of the full width of deceleration lane. 

Secondary Experiment (1964) 

The analysis of data for the secondary experiment consisted of the determination of 
significant differences in speed between the test and control vehicles for the three ex
perimental conditons. The results of the analysis are shown in Table 10. 

The vehicle speeds of the test and control vehicles were found to be not significantly 
different during the route information and the disabled vehicle experiments. During the 
grass cutting activity, however, the test vehicle speeds were found to be significantly 
lower than the control vehicle speeds. This may indicate the effectiveness of radio 
communication in warning motorists of potential hazards along the highway. The non-

TABLE 10 

RANK ORDER AND SIGNIFICANT DIFFERENCES 
BE TWEEN THE T EST CONDITIONS FOR THE 

DEPENDENT VARIABLE SPEED UNDER 
DIFFERENT EXPERIMENTAL CONDITIONS 

(Significance Level l 0 Percent) 

Experimental Condition 

Disabled vehicle 

Grass cutting 

Route information 

Driver Speed 

Lowest 

TEST 

TEST 

TEST 

Highest 

CONTROL 

CONTROL 

CONTROL 

significant difference in speeds between 
the test and control vehicles during the 
disabled vehicle experiment indicates the 
possibility that, because of the frequency 
with which urban motorists encounter dis -
abled vehicles, this situation is not con
sidered potentially hazardous or unusual 
by the drivers. 

The Experiment of 1965 

The results of the analysis of variance 
and multiple range tests employed for 
various comparisons of speed and accel
eration are shown for (a) the entire test 
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section, (b) the vicinity of advance informationpoint, and (c) the vicinity of exit in
formation point. 

Analysis of Vai·iance, Vehicles Speeds-·The following comparisons show the rank 
order and stg.nificant differences between the various test conditions for mean speed 
in miles per hour. There are no significant differences between the mean speed of 
those test conditions underlined. Level of significance used is 10 percent. 

A. Test Conditions 

(a) Entire test section 

Test Condition 

A2VO AlV2 ~v2 AOVO AOV2 AlVl Al VO A2Vl AOVl 
Mean Speed 

49.44 49.44. 48.90 48.74 48.35 47.78 47.51 45.55 45.41 

(b) Vicinity of advance information point (positions 1 through 6) 

Test Condition 

A1V(2) ·A(2)V 0 AOV(2) A(2)V(2) AOV 0 Al VO AlVl A(2)V 1 AOVl 
Mean Speed 

50.08 49.23 48.49 48.38 48.33 48.31 47.63 46.67 46.33 

(c} Vicinity of exit information point (positions 6 through 11) 

Test Condition 

AOVO ~v2 A2VO AlVl A1V2 Alvo AOV2 AOVl A2Vl 
Mean Speed 

51. 54 49.75 49.68 48.92 48.88 48.06 47.42 45.65 44.60 

In the above an~lysis it can. be seen that test condition .A ... 2 v1 had a relatively low 
average speed as compared to test conditions with about the same amount of informa
tion. This was an unexpected result because it consisted of almost maximum informa
tion and a better performance was expected. However, volume counts made during the 
nights of the experiment showed a relatively high volume (1, 116 vehicles/hr) for test 
condition A2 v1 compared to the average volume of 861 vehicles/hr for other test con
ditions. The film analysis also showed that cars approached the test section in platoons 
and traveled through in the same mariner. The low speeds of test condition A2 V1 may 
be due to the fact that, for this particular night, test subjects might have been under 
the influence of the general traffic. 

In the comparison of mean vehicle speeds of the nine test conditions employed in the 
experiment for the entire test section (see A-a), the results of the analysis of variance 
and multiple range tests indicated that the performance of test subjects in ail test con
ditions except A2 Vi and Ao Vi did not significantly differ from each other. Test vehi
cles in test conditions A2Vl and AoV1 had different performances by being significantly 
different from those in test conditions A2 v0 , A1 v2 , A2 v2 and Ao v2 , which had higher 
mean speeds closer to that of the control group. 

*The subscript 2 in parentheses indicates that although two messages were given for that particular test 
condition, measurements were taken in the vicinity of advance information point and therefore no exit 
information had been given yet (e.g., A{2)VI = A

1
V

1
). 
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In the vicinity of the advance information point the performance of all test subjects 
was not significantly different from the control group no matter what guidance infor
mation was given (see A-b). However, test conditions A(2) Vi and Ao Vi with lower 
mean speeds were significantly different from test condition Ai V(2) . 

In the vicinity of the exit information point test vehicles in test conditions Ai Vo and 
Ao Vi with only one level of advance information had lower mean speeds and differed 
significantly from the contr0l group, while test conditions with two or more messages, 
except A2 v1 and Ao v2 , did not differ significantly (see A-c). The different behavior 
of A2 v1 !las already been explained but ill the case of Ao v2 , this may well have been 
an indication of the reaction of drivers to conventional highway signing. In other words, 
visual advance and exit information caused a greater reduction in the speed of test sub
jects than audio advance and exit infor.mation. This also indicates the higher and 
more uniform speeds of test cars receiving audio messages than those receiving 
visual messages. Test conditions AoV1 and A2Vl were also found to have signi
ficantly lower speeds than test conditions A 2V2 and A2 Vo for this area of the test 
section. 

These comparisons of mean speeds of all test conditions with respect to the entire 
test section and portions of the test section indicated that, except for test conditions 
A2 V1 and Ao V2 , test subjects in test conditions with both advance and exit information 
had higher mean speeds than test subjects in test conditions with less information. 
This indicated that well-informed test drivers did not have to travel at low speeds in 
search of the exit ramp. 

Similarly, vehicles in the control group had speeds comparable to those in test 
conditions with substantial information. Vehicles in the control group were not given 
any information at all along the test section. These vehicles drove normally along the 
test section and no uncertainty was involved as to the location of the exit ramp at the 
end of the test section. 

B. Speed Measurement Positions 

(a) Entire test section 

Position 

6 7 i 8 

Mean Speed 

4 9 5 io 3 11 2 

50.37 50.i6 48.52 48.i8 48.i2 47.96 47.83 47.60 46.64 46.07 45.57 

(b) Vicinity of advance information point 

Position 

6 1 4 5 

Mean Speed 

50.65 48.86 48.35 47.87 

(c) Vicinity of exit information point 

Position 

7 6 8 9 

Mean Speed 

50.01 49.88 48.07 47.90 

3 2 

47.0i 45.9i 

10 11 

47.64 46.09 

The analysis of variance and multiple range tests for average speeds at the eleven 
speed measurement positions showed that there were significant differences between 
critical positions (positions where some kind of information was being given) and 
various other positions. 
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TABLE 11 

RANK ORDER AND SIGNIFICANT DIFFERENCES BETWEEN MEAN SPEED OF TEST 
CONDITIONS AT THE VARIOUS SPEED POSITIONS 

Position Teat Condition 

,. A2VO Al V2 AOV2 A2V2 AIVI AIVO AOVO A2Vl AOVI 
50. 69 50.15 49. 33 49.14 48. 00 47. 82 47. 67 47. 56 45. 73 

AOV(2) A(2)VO Alv(2) A(2)V(2) AOVO A1v 1 A(2)Vl AIVO AOVl 
47. 83 47 . 31 47. 08 46. 36 45. 75 44. 77 44. 00 43. 82 43. 45 

AIV(2) A(2)V(2) A(2)VO AOVO AOV(2) A
1

v
1 Alvo A(2)Vl AOVl 

49. 75 47 . 64 47. 50 47. 42 47. 17 46. 29 45. 55 45. 00 43. 36 

AIV(2) AOV(2) AOVO A
1

V
0 AIVI A(2)VO A(2)V(2) A(2)Vl AOVI 

50. 83 49. 08 48. 33 48 . 27 48. 24 48.19 47. 29 46. 88 46. 27 

AIV(2) A(2)V(2) A(2)VO AIVO AOVO AOV(2) AIVI A(2)Vl AOVI 

51. 92 49. 00 48. 75 48. 73 47. 42 47 . 17 46. 88 45. 75 45. 36 

Al(V2) A(2)VO AOVO Al VO A(2)V(2) AOV(2) A
0
v

1 AIVI A(2)Vl 
52. 25 52 . 12 51. 92 51. 36 50. 86 49. 92 49 . 64 49. 59 46, 63 

7 A(Z)VO AOVO A(2)V(2) AIV(2) AIVI A
1

v
0 

A
0

(v
2
l AOVI A(2)Vl 

52. 75 52. 42 51. 57 51. 50 50. 35 49 . 73 49. 58 47. 00 46. 69 

AOV2 Azvo AlV2 A2v2 AOVO AIVI Alvo A0v 1 A2Vl 
50. 75 50. 25 49. 25 49.14 48. 67 48.18 47. 55 45.18 44. 69 

A2VO A2V2 AOVO A
1

V1 AOV2 AlVZ Alvo A2Vl AOVl 
50. 25 49 , 36 49. 00 48. 41 48. 33 48. 25 47. 27 45, 44 44 , 64 

10 AOVO A2V2 AZVO A
1

V1 Alv2 AOVZ Alvo A2Vl AOVI 

49. 92 49, 43 48. 88 48. 47 47.17 47.17 47. 09 44. 94 44, 91 

II A2V2 AOVO A2VO AIVI AIV2 AOVZ Alvo AOVl A2Vl 

48.14 47. 67 47.12 46. 71 46.17 45. 50 45. 45 44. 00 43. 50 

*At position 1 no information W05 given about test condition employed in the experiment. 

The comparison of mean speeds at the eleven speed measurement positions along 
the test section indicated that mean speeds at position 6 and 7 were significantly dif
ferent from those at positions 2, 3 and 11 (see B-a). Positions 6 and 7 were located 
aiter advance information had been given and had higher speeds than positions 2 and 3, 
located duri1ig advance iufurmaiion, and 11, iocated after exit information. It was 
also found that the approaching speed at position 1 was not significantly different from 
positions 6 and 7, thus indicating that test subjects showed a tendency to slow down 
after they received advance and exit information (visual or audio). 

In the vicinity of the advance information point, which included positions 1 through 
6, and in the vicinity of the exit information point, which included positions 6 through 
11, the slowing down of test vehicles was evidenced as indicated by the significant 
differences between positions after advance and before any exit information and posi
tions during advance information and after exit information (see B-b and B-c). 

The analysis of speeds at the speed measurement positions indicated that the test 
subjects approached the test section at a certain speed, then a reduction in speed was 
noticed after receiving advance information. The subjects then increased their speeds 
toward the middle of the test section after which they again slowed down after exit in
formation was given in order to enter the deceleration lane. 

Other analysis of variance tests made for each position with respect to all test con
ditions did not show any significant differences between any of the test conditions. 
Table 11 shows the rank order for speeds at the various positions for each test. 

Analysis of Variance, Accelerations-Rank order and significant differences for 
acceleration in ft/ sec2 are given below for various test conditions. A 10 percent sig
nificance level is used in all cases. There are no significant differences between those 
conditions underlined. 

A. Test Conditions 

(a) Entire test section 
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Test Condition 

A2V2 AlV2 Alvo A2VO A2Vl AOVl AOVO AlVl AOV2 
Mean Acceleration 

0.093 0.051 -0 . 045 -0.183 -0.201 -0.210 -0.250 -0.255 -0.659 

(b) Vicinity of advance information point (positions 1 through 6) 

Test Condition 

Al V(2) A(2) V(2) Al V 0 A(2)V 0 AOVl AOVO AlVl A(2)V 1 AOV(2) 
Mean Acceleration 

0.642 0.558 0.449 0.209 0.105 0.058 -0.113 -0. 302 -0.404 

(c) Vicinity of exit information point (positions 6 through 11) 

Test Condition 

A2Vl A2V2 AOVl AlVl A1V2 Alvo A2VO AOVO AOV2 
Mean Acceleration 

-0.224 -0. 372 -0 . 416 -0. 459 -0.509 -0.545 -0.584 -0 . 659 -0.744 

The data analysis for mean accelerations of test subjects indicated results similar 
to the speed data. In the analysis of variance and multiple range tests it was found 
that average accelerations of test subjects in test conditions did not differ significantly 
from thos e of the control group (see A-a, A-b and A-c). However, in the entire test 
section, AoV2 , with the highest decel eration, was significantly different from test con
ditions Ai v2 and A1 v2 (see A-a). Test conditions A2 v2 , A1 v2 , A1 v0 , Az v0 and Az v1 
had accel erations or aecel erations clos er to zero than othe r fest conditions, thus in
dicating a better performance than the other test conditions. It is interesting to note 
that these test conditions include either audio messages only or visual messages sup
plemented by audio messages. 

In the vicinity of the advance information point (see A-b) mean acceleration of test 
condition ~ °V(Z) was s ignificantly different from those of test conditions Ai V( z) and 
A(2)Y(2), but none wer e significantly different from that of the control group. Test 
conditions which gave accelerations closer to z e1·0 than others were A(2)Vo , AoV1, 
AoVo and AiV1. This condition indicated that advance information could be given with 
any mode of communiclltion and the results would not be significantly different from 
each other. · 

In the vicinity of the exit infor mation point no test condition was significantly differ
ent from anot her or from the contr ol group and all were decelerations (see A-c) . These 
data indicate that test s ubjec ts r educed s peed on the freeway befor e entering the 
deceleration l ane . 

B. Acceleration Zones 

Acceleration zone indicates the distance between consecutive speed measurement 
positions. Rank order and significant differences for acceleration between these zones 
are as follows: 

(a) Entire test section 

Zone 

5 2 3 6 9 

Mean Acceleration (all test conditions) 

8 4 7 l 10 

0.653 0.646 0.494 -0.008 -0.048 -0.301 -Q.404 -0. 627 -0.656 -0.594 
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(b) Vicinity of advance information point (zones 1 through 5) 

Zone 

2 5 3 1 4 

Mean Acceleration (all test conditions) 

0.665 0.629 0.449 -0.660 -0.685 

(c) Vicinity of exit information point (zones 6 through 10) 

Zone 

6 9 8 7 10 

Mean Acceleration (all test conditions) 

-0.005 -0.034 -0.245 -0.617 -1.606 

The significant differences between accelerations for various increments of the test 
section are as given above. No decisions could be made to indicate which of the test 
conditions caused the various significant differences between these zones as they are 
the results of all test conditions combined together. As it was with the speeds at the 
various posit ions , the slowing down of test subjec ts as a result of some kind of infor
mation given to them was evidenc ed. Zone 1 always had a deceleration and generally 
from zone 2 to about 6 there would be an acceleration. After zone 6 the test cars would 
decelerate reaching maximum deceleration at zone 10 just before exiting the freeway. 

other statistical analysis of accelerations in each zone with respect to test condi
tions indicated that there were no significant differences between the accelerations in 
zones 1, 2, 3, 6, 7, 9, and 10. The significant differences found were at zones 4, 5, 
and 8. Rank order and significant differences between test conditions at the various 
zones for acceleration are shown in Table 12. Zones 4 and 5 fall within that portion 
of the test section along which advance information was being given. Zone 8 is the be
ginning of the latter portion of the test section along which exit information was being 
given. 

TABLE 12 

RANK ORDER AND SIGNIFICANT DIFFERENCES BETWEEN ACCELERATIONS OF TEST 
CONDITIONS AT THE VARIOUS ACCELERATION ZONES 

Zone Test Condition and Mean Acceleration in Zone 

AOV(2) AOVO A0v 1 A(2)V(2) A(2)VO A
1

v
1 A1v(2) A1v

0 A(2)Vl 
-o. 409 -0 . 420 -o. 501 -0. 616 -0. 697 -0. 749 -0. 749 -0. 792 -0. 809 

AlV(2) AOVO Al VO AlVl A(2)V(2) A(2)Vl A(2)VO A0v 1 AOV(2) 
I. 578 o. 995 o. 991 0. 980 0. 874 o . 585 0, 157 0. 064 -0. 373 

AOVl Al VO AOV(2) A
1

V
1 A(2)Vl AlV(2) AOVO A(2)VO A(2)V(2) 

0. 955 0. 89G 0. 720 0. 676 o. 556 0. 462 0. 326 0. 223 - 0. 190 

A(2)V(2) AlV(2) A(2)VO AIVO A(2)VI AOVl AOVO Alvl AOV(2) 
2 . 270 1. 583 0. 759 0. 551 -1. 397 -1 . 445 -1. 606 -1. 923 -2 . 309 

AOVO A0V1 A(2)VO Al VI AOV(2) Al VO A(2)V(2) A(2)vl AlV(2) 
I. 213 1. 091 0. 873 0. 092 0 . 658 0 . 656 0. 451 0 . 228 0.141 

A(2)Vl Al VI A(2)VO A(2)V (2) AOVO Al VO AOV(2) AlV(2) AOVl 

0. 086 0. 070 0. 067 0. 058 0. 042 -0 . 084 -0. 096 -0.125 -0. 219 

1 AOV(2) A(2)Vl AOVl AlV(2) A
1

v
0 

A
1

v
1 A(2)V(2) A(2)VO AOVO 

0. 409 -0. 523 -o. 534 -0. 657 - 0. 671 -0, 702 -0. 801 -0. 826 -1. 236 

A2Vl AOVO A
1
V1 A2V2 AzVo Alvo AOVI AlV2 AOV2 

o. 749 0. 364 0.310 0. 242 - 0. 032 -0. 289 -0. 663 -1 . 059 -3 . 134 

9 AlV2 AOVO A2V2 AOVl A1v 1 Alvo A2Vl AOV2 A2VO 

0. 354 0. 299 0. 028 0. 027 0.018 -0, 043 -0. 141 -0. 375 -0. 463 

10 AOVl A
1

v
2 A2Vl A2V2 AOV2 Al vo A2VO AlVl AOVO 

-0. 878 -1 . 018 - 1. 288 -1.367 -1. 666 -1. 666 -l . 885 - 1. 922 -2. 480 
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TABLE 13 

ACCELERATION NOISE IN ORDER OF REDUNDANCY OF INFORMATION 

Test 
Redundancy of No. of 

Travel Mean Acceleration Noise 
Time 

Information Test Cars (sec) (iia = It/sec') 

12 47. 65 1. 30 

11 51. 50 0. 89 

11 48. 50 0. 98 

17 49. 21 1.20 

12 48. 49 1 . 70 

16 46. 79 0 . 88 

12 47. 42 1. 09 

16 51. 51 0. 89 

14 47. 67 0. 92 

In zone 4, test condition AoV(2) was found to be signiiicantly different from test 
condition A(2) V(2), the former Jiaving a high value of deceleration and the latter a high 
value of acceleration as compared to other test conditions. Test conditions A(2) Vo and 
Ai v0 had accelerations which were closer to zero than other test conditions, thus hav
ing rather more constant speeds than others. 

In zone 5, test conditions A(2)V1 and A1V(2) were significantly different from test 
conditions Ao v0 and had accelerations closer to zero, thus indicating a better perform
ance than ottier test conditions. 

In zone 8, test conditions A2Vl and AoVo were significantly different from test con
dition AQV2, which had a high deceleration and indicated a poor performance. For this 
zone, which is the beginning of the vicinity of the exit information point, test condi
tions A2 V2 , A2 v0 and Ai Vo gave accelerations or decelerations lower than all other 
test conditions and closer to zero. These test conditions indicated better performance 
within this zone than other test conditions which had greater values for acceleration or 
deceleration. 

Acceleration Noise-The values of acceleration noise as given in Table 13 have been 
computed for each test condition by using accelerations and travel times of each zone 
of the test section between speed measurement positions. Individual values computed 
for zones of each test condition when added gave a value for acceleration noise. 

An analysis of variance and multiple range test for acceleration noise showed sig
nificant differences between some of the test conditions employed. The rank order and 
significant differences at the 10 percent level between test conditions and control group 
are shown below. 

Test Condition 

AOV2 AOVO AlVl A1V2 AlVO A2V2 AOVl A2Vl ~VO 
Mean Acceleration Noise (cr a = ft/ sec2

) 

1. 70 1. 30 1. 20 1. 09 0.98 0.92 0.89 0.89 0.88 

Test conditions with two audio messages generally had more favorable values for 
acceleration noise than test conditions with two visual messages. Test condition AoV2 
had the largest value of acceleration noise and was found to be significantly different 
from test conditions ~ v2 , Ao v1 , A2 v1 and ~ v0 . Tes t condition A0 v0 had a lower 
value of acceleration noise than Ao v2 oecause most of the test subj eels llad missed the 
ramp and therefore may have not changed speeds in the vicinity of the exit ramp . How
ever , test condition Ao v0 had the highest deceleration at zone 10 which is the zone 
prior to entry into the deceleration lane. For this particular zone test condition Ao Vo 
had the highest value of acceleration noise for those test subjects which exited the free
way at the end of the test section. 
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TABLE 14 
PERCENT OF TEST CARS ENTERING DECELERATION LANE AT VARIOUS INCREMENTS 

Distance From Point of Taper 

Tesl Condition 0-100 ft 100-200 Cl 200-300 It 300 - 400 It 400- 500 ft 
% of Test 

Cars Failing 
and Level of to Exit at 
Information % Entry of ~ Entry of % Entry of ~Entry of % Entry of "Random Road" 

Front Wheel: Front Wheel: Front Wheel: Front Wheel : Front Wheel: 
Right Left Right Left Right Left Right Lelt Right Lelt 

AOVO 6. 25 6. 25 6. 25 18. 75 6. 25 18. 75 68. 75 

AOVl 13. 33 33 . 33 13 . 33 33. 34 13. 34 6. 67 40. 00 20. 00 13. 33 

Al VO 0 14. 29 28 . 57 7.15 21. 43 28. 57 28. 57 35. 71 

AlVl 5. 56 22. 22 22. 22 33. 33 44. 44 38. 89 22. 22 5. 56 

AOV2 23. 53 47. 06 5. 88 23 . 53 41.18 5. 88 41.18 11. 76 

AzVo 30. 00 50. 00 15. 00 15. 00 45. 00 5. 00 30. 00 10. 00 

AlV2 41 . 67 41 . 67 16. 67 16. 66 58. 33 25, 00 0 

AzVt 40. 00 50. 00 5. 00 10. 00 75. 00 20. 00 0 

AzV2 57.14 35 . 71 28. 57 7. 15 50. 00 21. 43 0 

Point of Entry Data-Although the position of entry of both frunl wheels into the de
celeration lane was recorded, the right front wheel was used as the entry indicator. 
Therefore, the position of the right front wheel shows the distance from the point of 
taper just after a decision to enter the deceleration lane has been made . The position 
of the left front wheel indicates the complete entry of test cars into the deceleration 
lane. 

Table 14 gives the percent of cars for each test condition entering the deceleration 
lane at various increments of the deceleration lane. Values in Table 14 indicate that 
test subjects behaved differently on entry into the deceleration lane according to the 
amount of information given to them. About 69 percent of the test subjects participat
ing in test condition AoVo missed the "Random Road" exit merely because the only 
message given to them was the sign at the gore of the exit ramp. Sixty percent of those 
in test condition A0v0 who exited, entered the deceleration lane at a distance between 
300 and 400 ft from the bea:inning of the taper. 

As the amount of infor~ation -being given was increased it was found that the entry 
of test subjects into the deceleration lane was made closer to the point of taper. In 
test condition A2 V2 , 57 per cent of the test subjects entered the deceleration lane with
in the first 100 ft from the point of taper . The values were 40, 42, 30 and 23 percent 
for test conditions A2 v1 , Ai V2 , A2 v0 and Ao v2 r espectively. It can also be seen that 
the entr y of the left front wheel , i. e . , complete ent ry of cars into the deceleration lane, 
followed the same pattern as the right front wheel. In every case where only advance 
information was given it was found that there were test cars missing the exit ramp. No 
cars missed the ramp when any one of the messages was exit information. 

SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS 

Summary of Results 

1. The results of the analysis of variance for vehicle speeds indicated the following: 

(a) Vehicle speeds over the entir~ test section in test conditions with substantial 
information were higher than those in test conditions with less information. 

(b) In the vicinity of the advance information point (approximately 0. 5 mi in ad
vance of the exit ramp), there was not enough evidence to determine differences in the 
behavior of test subjects in either vehicle speeds or rates of acceleration no matter 
what test condition was employed. 

(c) In the vicinity of the exit, vehicle speeds in test conditions with both advance 
and exit information and in the control group were generally higher than those in test 
conditions with only advance guidance information. 
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(d) The results of the analysis of variance for vehicle speeds over the entire 
test section and portions of the test section seemed to indicate that as the amount of 
information given was increased, vehicles traveled through the entire test section at 
generally higher speeds. The low vehicle speeds in test conditions with less informa
tion may be regarded as an indication of the uncertainty of the driver with regard to 
the location of the exit ramp. 

(e) Vehicle speeds in test conditions A1 v0 and A2 v0 (all radio) were not sig
nificantly different from those in test conditions Ao v1 and Ao v2 (all signs) respectively. 
This fact may indicate that audio messages were as effective as visual messages. 

(f) Comparisons of mean speeds of test conditions at speed measurement posi
tions showed that there were significant differences between some of the positions where 
information was being given and various other positions where no information was being 
given. These significant differences were due to the fact that some sort of information 
was given. Also, the low speeds of test conditions with less information in the vicinity 
of the exit contributed to this fact. 

(g) Vehicle speeds during trip 1 were significantly lower than the speeds during 
trip 2 along the full-width deceleration lane. During trip 2, test vehicles were familiar 
with the configuration of the deceleration lane and exit ramp and the higher speeds re
corded during trip 2 show the effects of learning. 

2. The analysis of accelerations or decelerations indicated the following: 

(a) The mean accelerations of vehicles in the various test conditions along the· 
freeway before the exit ramp did not differ significantly from those of the control group. 
However, vehicles in test condition Ao v2 showed a poor performance by having high 
rates of deceleration along the freeway as compared to those in test conditions A2 V2 
and AiVz. 

(b) Vehicles in test conditions with audio messages and with visual messages 
supplemented by audio messages had accelerations or decelerations closer to zero 
along the freeway prior to the exit ramp than those in test conditions with only visual 
messages. 

(c) In the vicinity of the advance information point there were no indications as 
to which test condition produced better driving performance. 

(d) In the vicinity of the exit information point, all test conditions had different 
decelerations but no significant differences could be found. 

(e) Various comparisons of accelerations in acceleration zones along the free
way prior to the exit ramp indicated that test vehicles decelerated after some advance 
or exit information was given. 

(f) No significant differences existed between the decelerations of the test con
dition vehicles along the first two zones in the tapered section of the deceleration lane. 
However, significant differences were found in zone 3, just prior to the full-width de
celeration lane, and in zones 4 and 5 along the deceleration lane. 

(g) The control group vehicles (maximum information, 1964 study) had high 
values of deceleration just prior to the full-width deceleration lane and along the decel
eration lane. This fact indicates that vehicles in the control group which bad the highest 
speeds along the deceleration lane except toward the end of it, decelerated in the full
width deceleration lane because they were familiar with the configuration of the decel
eration lane and exit ramp. 

(h) Vehicle decelerations in test condition AoV1 (least information, 1964 study), 
were greater just prior to the beginning of the full-width deceleration lane and lower 
along the deceleration lane than all other test conditions and the control group. The 
high mean deceleration just prior to the full-width deceleration lane as compared to 
other test conditions may indicate the amount of uncertainty of the test vehicles in the 
execution of the diverging maneuver. 

(i) The analysis indicated that significant diiferences between the three trips 
took place in the early phases of the diverging maneuver. 

3. The results of the analysis of the point of entry data are as follows: 
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(a) Exit information given only in the vicinity of the advance informa.tio11 point 
was found to be an inadequate amount of information. Even when both audio and visual 
advance information were given there were test cars missing lhe exil ramp. 

(b) As the amount of information given about an exit ramp was increased, the 
entry of test cars into the deceleration lane was closer to the beginning of the tapered 
section of the deceleration lane. 

4. The analysis of the lateral placement data indicated the following: 

(a) Vehicles in test condition A2 v2 , supplied with most information, traveled 
generally nearer to the outside or shoulder edge of U1e pavement and therefo1·e entered 
the deceleration lane earlier than other test conditions except the control group. 

(b) Vehicles in the control group (maximum information, 1964 study) traveled 
generally farther from the outer or shoulder edge of the pavement than other test con
ditions. This fact may indicate that drivers in the control group may have exited at 
this ramp more casually than the other test condition drivers because they were more 
familiar with the general configuration and layout of the deceleration lane and exit ramp 
than any of the test condition drivers. 

(c) There were no significant differences between vehicle placement of any of 
the test conditions along the freeway just prior to the beginning of the tapered section 
of the deceleration lane. 

5. The analysis of data for the three repea trips indicated that the vehicle place
ments during the first trip were significantly farther from the outside edge of the pave
ment on the freeway just before the point of taper and at the midpoint of the first half 
of the tapered section of the deceleration lane than during the second and third trips. 
This indicates that drivers during the second and third trips were familiar with the de
celeration lane and exit ramp, and made more efficient use of the deceleration lane by 
traveling closer to the shoulder edge of the pavement. Vehicle placements were also 
significantly farther from the edge during trip 1 than during trip 3 at the midpoint of 
the tapered section of the deceleration lane, and significantly farther from the edge 
during trip 2 at the beginning of the off-ramp. 

Conclusions 

1. The results of data analysis indicated that the provision of roadside radio com
munication in addition to standard highway signing will be useful to drivers as evidenced 
in the better performance of test subjects in the test conditions where the amount of 
information given was maximum or close to maximum. 

2. Audio messages were found to be as effective as visual messages, as indicated 
by the nonsignificant difference in speeds and accelerations along the freeway prior to 
the exit ramp between test conditions A1 v0 and A2 v0 and Ao v1 and Ao v2 , respectively. 

3. The provision of radio roadside communication in addition to standard advance 
highway signing did not significantly affect the speed and accelerations of motorists 
fraveling at a point one-half mile in advance of the exit terminal. 

4. Giving advance guidance information only about the location of an exit ramp was 
found to be inadequate in the performance of a diverging maneuver from the freeway. 
This inadequacy was evidenced by the number of test subjects missing the ramp when 
only advance information was given. 

5. When the information given about an exit ramp consisted of both advance and exit 
iniormation, no test subject missed the ramp and as the amount of information was in
creased the entry into the deceleration lane was made earlier than otherwise. 

6. The significant diffe1·ences between trip 1 and trip 2 along the full-width decel
eration lane and the higher speeds recorded during trip 2 may be an indication of the 
effects of learning. 

7. The analysis of lateral placement data indicated that vehicles traveled generally 
closer to the outer or shoulder edge under test conditions supplied with most informa
tion. This indicates that well-informed vehicles entered the deceleration lane earlier 
than the less informed. This is evidenced also in vehicle placements during trips 2 



65 

and 3 which were significantly closer to the pavement edge than those during trip 1 
just before the point of taper and at the midpoint of the first half of the tapered section 
of the deceleration lane. 

8. The control group (maximum information, 1964 study) vehicles traveled along 
the deceleration lane generally farther from the pavement edge, indicating that motor
ists in this group were very familiar with the configuration of the deceleration lane and 
exit ramp and therefore diverged from the freeway more casually than other test con
dition drivers, and in less uncertain maneuvers. 

9. The results of the secondary experiment indicated significantly different vehicle 
speeds between the test and control vehicles during the grass-cutting experiment. This 
fact indicates that radio communication could be an effective device in warning motor
ists of potential hazards along a freeway. 

Recommendations 

The results of these experiments gave a general idea about the effectiveness of 
roadside radio communication as a traffic control device. Audio messages are shown 
to be as effective as visual messages and when given together the performance of test 
drivers has proven to be generally better than the performance of test drivers with only 
visual or audio messages. 

A radio-signing system which will provide necessary information where needed can 
·be effective and at the same time avoid extensive over-signing. Further research 
should be conducted on a system basis to investigate the use of radio as a communica
tion system to provide traffic control and driver information and to determine conclu
sively specific areas of feasibility of roadside radio communication. 
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