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INTRODUCTION

AN EVALUATION OF
I-80 MOTORIST AID COMMUNICATTION SYSTEM

The State of Illinois, in its efferts to detect and handle various incidents

in an efficient manner and to provide the motoring public with a safe operation

on its rural freeways, has installed an experimental motorist-aid communication

syster along 138 miles of I-80 between I-74 (Rock Island) and T1l. 43 (Joliet).

The primary goals of the system were:

To

To

To

provide aid to the motorist in need.
minimize the hazard caused by the motorist in distress.

keep traffic flowing.

Secondary goals, with varying degrees of importance, were:

To

To

To

To

To

To

To

provide a means of communicating the distressed motorist's needs
and location to fhe proper aid agency.

minimize the distressed motorist's waiting time for aid.

maximize service quality.

maximize the extent and quality of upstream warning of hazard.

maximize utilization of existing and planned resources.

minimize system obsolescence.

provide for the collection of adequate statistical operative data
to analyze and evaluate system performance and assurellegal

backup for each incident in case of motorist suit.

The installation of the system was part of a three-phase study to develop

and evaluate

such a system. The first two phases (1,2,3) were conducted by Peat,

Marwick, Livingston & Co. (PML), while the third ome was conducted by Illinois

Department of Tramsportation. The objective of the first phase was:




To determine the physical, technical, and economic feasibility of
various candidate motorist aid systems to meet the needs of
rural freeways.

The objectives of the second phase were:

To develop an implementation plan, including functional operating
specifications for the selected motorisit aid system.

To prepare functional, technical specifications suitable for con-
tractual purposes for furnishing and installing the associated
communication network required.

To develop an evaluation program to assess the performance of the
installed system.

The third phase, which is the topic of this report, had the following objectives:

To assemble records on the characteristics of motorist aid needs
and system usage which, in combination with the records from
other motorist aid projects, will form a data base for use
in the evaluation and deéign of future motorist aid systems.

To observe and evaluate public reaction to the system by persons
who use the system and by persons who benefit from the
knowledge that the system is available.

To evaluate the effect of roadside terminal installations on the
frequency and characteristics of roadside stops, to observe
the actions of stopped motorists, and to determine if any
hazard to traffic operations or reduction in safety results
from the provision of terminals.

To evaluate the performance of all components and elements of the

system, identify areas of weakness and opportunities for improvement.




To explore the operating benefits, technical problems, and attendant
costs of providing dispatche;ucontrolied terminal flashers to
ﬁrarn approaching traffic of hazard at the roadside. (This
objective, howevér, was not pursued due to technical diffi-
culties).

The feasibility study in the first phase considered the following eight
candidate systems:

1. Police Patrol - current practice

2. Police Patrol - modification of current practice

3. Patrol - combined police and other agencies

4. Involved Motorist Activated Voice Terminals (wire or radio trans-—

mission, two-way)

5. Involved Motorist‘Activated - Code Terminals

6. Cooperative Motorist Activated - Voice Terminals (wire or radio

transmission)

7. Cooperative Motorist Activated - Code Terminals

8. Cooperative Motorist Actiﬁated ~ Headlight Signalling

The physical and technical aspects of each system were evaluated largely
with respect to defined performance measures concerning the primary and secondary
goals mentioned above and with respect to various system costs.

Selection of the optimum system was based on a utility-cost analysis. The
systems based on involved-motorist terminals With voice communications, utiiizing“
either two-way wire or radio transmission, were shown to be operationally the most
effective. Further considerations led to the installation of the system utilizing
two-way wire transmission.

Motorists traveling on the above-mentioned section of I-80 have access to a

system that has 302 roadside terminals placed at the outside shoulder edges, and




spaced at approximately 0.9-mile intervals. The Illinbis DOT-owned system is

a two-way, voice-cérrier, hard-wire inétallafion operatedrthrough police head-
quarters located near Joliet and Rock TIsland. Toll-free calls from motorists
requiring‘assistance are.anéwered by a police desk sergeant who either dispatches
the necessary sérvices or provides the required information. The system accommo-
dates both emergency and non-emergency situations.

In rural areas traffic densities are not great, but an accident or a wvehicle
stalled on the roadway can create a severe hazard because of the high speeds pre-
vailing on rural freeways. An accident resulting in injuries, or requiring the
service of a tow truck to clear the roadway, requires immediate service. The
prevailing method, before installing the aid system, consisted of a passing
motorist who traveled to the next interchange and contacted the state police by
telephone. Usually the desk sergeant attempts to ascertain whether an ambulance
or a tow truck is needed, and if such service is required he would dispatch these

vehicles along with an investigating officer. But sometimes a trooper was dis-

patched to the scene first, which further delayed the arrival of necessary medical
assistance or towing service to clear the roadway. TFor incidents of less severity,
the motorist's first concern is to remove his vehicle from the traffic lanes to the
shoulder. Once this has been accomplished, he looks for aid. 1In general, he has
the following options: he may wait for a passing police patrol; he may obtain
assistance from a passing motorist, who either transports him to a place where aid
is available or sends him éid; or he may walk to an interchange where assistance
might be available. Any of these options ﬁsually results im delay in receiving
the service required.

The installed motorist aid phone sjstem should enable a faster service to

the driver in need and thus minimize the hazard for himself and other traffic.




The motorist aid system was evaluated based on data sets collected before
and after the implementation of the system. The overall effectiveness of the
system was assessed through data analysis from various surveys and reports. The
primary data sources were:
Tllinois State Police - Assistance-Rendered Reports
Service Units - Assistance-Rendered Reports
Public~Opinion and Questionnaire.Survey
Illinois State Police -~ Accident Reports
Stopped-Vehicle Survey
Tilinois State Police - Audio Tape Recording of Calls
A benefit-cost analysis was conducted for two investment situations. One
considered the overall cost (initial and maintenance), while the othef considered
only maintenance costs.
Major findings of this study were:
1. Approximately 24 -percent of fofecasted aid-candidates used the system.
2. The average time between incident occurrence and policg,nbtification was
significantly reduced from 15.3 minutes to 12.8 minutes im the "after"
period.
3. The expected cqsts per aided call were found to be $37 éﬁd 815 for the

.above-mentioned investment situations, respectively.

SYSTEM DESCRIPTION

Interstate 80

With the exception of small segménts near Joliet and Mbline, I-80 traverses
plains and farmland, typical of rural Illinois. The 138 miles in the étudy sec~

tion were opemed to traffic in sections from 1960 through 1967;, There are four




through-traffic lanes, except for a length of 1.5 miles in the vicinity of Joliet
and 2.6 miles at the eastern exﬁremity of the section, where there are six lanes.
All lanes are 12 feet wide. The median ranges between 64 and 40 feet wide. Shoul-
ders are 12 feet wide and are paved for most of the study section. Eight-foot
shoulders are incorporated in the median. The study section has two rest areas
serving eastbound traffie and another one serving westbound traffic. There are

25 interchanges throughout the study section, with median crossover one-mile distant
from each side of an interchange.

From time to time, much of I-80 is subject o fog. The most hazardous part
parallels the Illinois River between Princeton.and Morris, wﬁere local dense
patéhes of fog are common, particularly near Marseilles.

In 1965, when the study was initiated, the 138-mile study section, between
I~74 and T11. 43, experienced daily traffic volumes ranging from 9,000 to 30,000
vehicles and accounted for nearly 628 million vehicle-miles of travel a year (4).
In 1973, after the system was installed, daily traffic vdlumes ranged from 13,000
to 43,000 vehicles. The total travel during that year amounted to nearly 847
million vehicle-miles (5). A detailed breakdown of traffic volumes and total
travel on the various subsections of the study section is presented in Table 1.

I-80 is serviced by Illinois State Police Districts 5 and 7. The study sec—
tion, its termini and police district's boundary are shown in Figure 1.

Commmication System

The Commumication System on I—SC is owned by the Illinois Department of
Transportation. The 302 aid phone terminals are spaced in pairs, a terminal 'for
each travel direction, at an average of 0.9-mile intervals over the 138-mile study
section. While locating terminal pairs, considerations were given to roadway
geometric features as well as adjacent develdpmentg hence, terminal spacing varies

between 0.1 mile and 1.6 miles.




TABLE 1

TRAFFIC VOLUMES AND TOTAL TRAVEL ON -7-
VARIOUS SUBSECTIONS OF THE STUDY SECTION

Element (Thousands)
Length Average Daily Traffie Vehicle Miles Per Day
Interchange At  (Miles) 1968 1973 1968 1973
Interstate 74
9.8 10,600 15,200 104 149
Tllincis 82
7.3 9.500 14,200 69 104
Atkinson
6.4 9,200 13,700 59 88
Tl1llinois 78
11.0 13,800 13,400 109 147
I1linois 88
11.9 9,200 14,000 109 167
I1lincis 26
4.7 9,700 14,500 46 68
Interstate 180
8.8 10,800 15,900 95 140
T1llinois 89
4.8 11,700 17,000 56 82
Cherry Road
6.6 11,400 16,100 75 106
T1linois 178
_ 9.1 10,800 15,700 98 143
I1lincis 23 . -
2.6 11,400 16,200 30 42
I1llinois 71
3.5 11,400 15,700 40 55
Marseilles
7.8 11,300 15,500 88 121
U.8. 6
7.2 11,800 16,300 85 117
U.S. 47
10.0 13,200 17,700 132 177
Minooka
4.1 15,000 19,300 61 79
Interstate 55 -
3.6 15,100 20,600 54 74
Rockdale
2.0 20,000 36,900 40 74
I1linois 53
0.7 22,700 42,700 16 30
U.5. 52
0.8 21,500 32,900 17 26
Joliet (at C4)
1.7 21,500 29,200 37 50
Joliet (at C4.1)
2.4 18,900 22,700 45 54
U.5. 30
8.5 22,200 19,600 188 167
T.5. 45
2.6 29,100 23,000 76 60
T1linois 43
Totals 137.9 1,716 2,320

Total Per Year - 628 Million 847 Million
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0f the 302 phones, 170 phones extend along the east 75 miles of the study
section under the jurisdiction of Police District 5 (Joliet). The other 132
phones are spread over‘the west 63 miles, under the jurisdiction of Police Dis-—
trict 7 (Rock Tsland). The Rock Island and Joliet headquarters are respectively
15 miles and 12 miles remote from I1-80, and are interconnected to the motorist-
aid phone system by cables installed in either State or County highway right of
way.

A; each end of the system, three signs inform drivers about the aid phones,
and additional informational signs are located at major interchanges along I-80.
Typical signs are shown in Pictures 1 and 2.

A motorist may have to walk from his disabled vehicle to the nearest phone.
To aid the motorist in knowing which way to walk to the nearest phone, the Joliet
subsystem (LaSalle-Bureau County Line to I1l. 43) has small signs mounted on
delineator posts. If a person begins walking toward the farthest phone, he will
see signs telling him to "Walk back to (the closest) phone."

Each phone terminal is imstalled off the right shoulder, 12 feet from the
pavement edge, and coﬁsists of a 13-foot aluminum pole (5" diameter), which
gupports a double-face blue sign containing the legend "Motorist Aid" and handset
symbol, and a blue reflectorized weatherproof terminal enclosure attached to the
pole, as shown in Picture 3. The terminal enclosure is mounted 4 1/2 feet above
grade.

The phones are connected by a 25-palr direct burial cable to a control console
located in either the Joliet (District 5) or Rock Island (Distriet 7) State Police
Headquarters.

The 25-pair cable was plowed just off the inside shoulder of the westbound
roadway 18 inches deep in the I-80 median, and has laﬁerals running under each

roadway to connect terminals.
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Each phone uses three pairs of wires for_signaling, Voice—in? and wyoice-out
(full duplex). The phones are party-line connected using three circuits, with
the capability for up to ten phones to be on a switching meéhanism. Every fourth
phone is on the same circuit, and opposite-phones are on different circuits.

To use a phone, the motorist pulls the ice breaker handle to open the enclo-
sure door and lifts up a conventional handset (Picture 4). Immediately he will
hear the standard telephone ring. Instructions inside the enclosure inform him
that his call will be answered by the Illinois étate Police (Picture 5).

'Each police headquartexs,is[equipped'With a contrel console as shown in

", Picture 6. The console produces a printed paper tape fEadbut which yields the

time and terminal number of the call. ZEach phone is identified according to

'

milepost and direction. Incoming calls are indicated by both an audible ring and
a flashing light, and cause the milepost” number of the calling terminals to be
displayed on the console. A business phone and a tape recorder to tape a call
when required are also availabie.
Calls may be answered by use of either a conventional telephone handset or
a speaker—microphoné ﬁnit ﬁounﬁed‘iﬁ the console. Whén aaditional calls are
generated dﬁring an on-going conversation, a visual sigﬁal indicates queued calls.
Thé'console aiso permifs the operator to generate a call to any terminal
addressed., 1In turn, a loud ring at thé terminal alerts the waiting motorist that
the operator wishes to speak to him. | | :
Through the use of controls in the console, the operator can select and
interrogate the serviceability of any terminal. When the identity number of the
interrﬁgated terminal is displayed, another indicator displays either A-OK or
FATL. Likewlse, the operator may initiate an automatic serviceability check

sequency directed in turn to all terminals in that subsystem.
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Several changes in the system features have been introduced since its final
design. The original design called for three consoles; one in the Joliet Police
Headquarters, a second in the Rock Island Headquarters, and a third in the LaSalle-
Peru Headquarters. Since a future plan called forlphasing cut the LaSalle-Peru
Headquarters, the aid phones planned'for it were divided between the Joliet and
Rock Island consoles.

The console concept was changed from a table with equipment on it to a custom
desk console including a tape recorder to aid in data coilection and to record
calls as seen fit by the operator.

A test rack was installed in an adjacent room, so that equipment  tests need
not be made at the console. Also installed was a readout to identify which cable
was in use.

Originally, the design called for steel terminal poles. However, as a result
of crésh tests, and advances in.the "gtate of the art," aluminum breakaway poles
were selected for use.

Another problem asscciated with the terminals was . damage to the 3-foot
 ﬁotorist—aid sign at thé tép bf thé pdle (ficture 35. When large trucks traveled
too closé to a terminal,.the truck body or trailer could Striké the overhanging
sign. To avoid damage, the sign was offset-mounted away from the roadway.

Originally, the aid phones were identified by mileage from the Mississippi
River, while the Illinois mile markers were numbered from the state line. This
introduced confusion and the aid phone numbers were changed to coincide with the
mile markers.

Lightning in the area was one of.the main reasons for failures of the system.
To rectify this problem, lightning resistors were added to each phoneiterminal.

Several cable cuts occurred while the system was being installed; therefore,

cable markers were posted to identify cable location.
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SYSTEM EVALUATTON
An evaluation program designed to determine the effectiveness of the mdtorist

aid system on I-80 was developed by PML & Co. within the framework of the second
phase of the study. Pertinent measures of effectiveness were defined and placed
in three categofies:

System usage

Response time

System convenience
Specific surveys to collect the data were designed and scheduled for the '"before"
and "after" study periods as shown in Table 2. A detailed presentation of the
measures of effectiveness and the studies necessary to obtain them are givemn in
references (1) and (3).

System Usage. According to PML (1) the usage of the motorist aid system depends

on the need for its use, the awareness of its availability and the existence of
alternative methods, such as police patrol, for detecting motorists in need.
Usage could be Quantified by a system utilization ratio, by a syétem efficiency
facter, and By.a system success ratio. The system utilization ratio is defined
as the ratio of the number of aid-candidates activating the system to the total
number of aid-candidates. The system efficiency factor is defined as the ratio
of the number of successful motoxist aids to the number of aid-candidates acti-
vating the sysfemj In the case of the police patrol type of system, an activa-
tion was defined as that moment when an aid-candidate stopped alongside the road-
way, thus subjecting himself to patrol detection. In the case of the involved-
motorist phone system, an activation wés defined as the attempt of the motorist
to convey his need for aid through an aid system phone. An aid-candidate was

defined as a stopped motorist who could utilize assistance from any of the services
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TABLE 2

SCHEDTULE OF SURVEYS
T-80 MOTORIST AID SYSTEM EVALUATION

Survey Before After

Stopped-Vehicle Survey Sept. 1969, March 1970  August 1973

Police-Assistance Survey Aug. 1969 - Oct. 1971 April 1973 — April 1974
Accident Survey Aug. 1969 - May 1972 April 1973 - April 1974
Public—Opinion Survey Dec. 1969 - May 1972 . April 1973 - April 1974
Service Units

Agsistance Survey Dec. 1969 - May 1972 April 1973 - April 1974
Motorist Aid System

Usage Survey - April 1973 - April 1974
Maintenance Survey - April 1973 - April 1974
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provided by the motorist aid system (e.g. police, medical, fire, mechanical). Four
basic categories of aid-candidates were contemplated:

1. Those who successfully activated the system (received aid).

2. Those who activated the system, but did not receive aid within

prescribed time limits.

3. Those who chose not to activate the system.

4. Those who were not aware of the existence of the system.

Other usage measure of interest were the proportion of causes for stop énd
stop duration frequency distribution.

The stopped-vehicle survey and the recorded aid phone calls were the sources
of data for evaluating the usage of the system.

Response Time. A candidate using the aid system desires the fastest possible

response. He is concerned with detection time, need definition time, time for the
service vehicle to reach the scene, time spent on the scene, and time to reach the
aid center. TIn addition, the time for the service vehicle to return to its base is
an important aspect of system performance.

Data for these measures of effectiveness were obtained from the following
sources:. Tllinois State Police assistance-rendered reports, service units assistance-
rendered reports, Illinois State Police accident reports, and Tllinois State Police
tape recoraings of aid phone calls.

System Convenience. The convenience that the motorist aid system affords to the

aid candidates should be determined by measuring the accuracy of need definition,
the quality of service, tﬁe effect on safety to stopped motorists, and candidates'
opinions regarding system perforﬁance. k

A strong factor in favor of the recommended two-way voice communication

system was ilts ability to provide precise need definition. The caller at a .
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terminal can communicate his best estimate of need to the dispatcher and the
dispatcher can query the caller on any unclear matters. The caller, however,
still may not be able to provide the dispatcher with sufficient information to
send the proper Service and, as a result, .too little or too much. service may be
sent. A measure of this accuracy is the ratio of the number of activations with
the correct initial dispatches to the total number of activations.

Some erroneous dispatches will be due to malicious false alarms. The pro-
portion of the calls which are false alarms should, therefore, be measured for
system evaluatiﬁn.

The motorist aid system should improve safety on I-80 by reducing the time
a stopped vehicle is exposed to traffic, either on the roadway or on the shoulder.
Pedestrian exposure, however, should be increased by the system. To measure the
net effect on highway safety, the proportion of primary incidents having secondary
ineidents and the Secondary Incident Factor, which is the average number of sec-—
ondary incidents due to a primary incident, can be calculated.

The subjective opinion of aid candidates is a direct measure of comvenience.
Candidafes under the stress of difficuities may formulate strong opinions which
should be determined from a questiounnaire survey.

Data for determining thg above measures of system convenience were obtained
from the public-opinion survey and the Illinois State Police audio tape recordings.
Unfortunately, data to determine the effect that the system had on the recovery
of the i1l and accident victims were unavailable.

Stopped—Vehicle Survey (SVS)

The objective of the stopped-vehicle surveys was to determine the following:
1. System utilizatiom ratio

2. System efficiency factor
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3. System success ratio

4. Nature of incidents

5. TFrequency of steppage duration

6. Means of incident detection

Two '"before" and one "after" stopped-vehicle surveys (SVS) were conducted on
a 9-mile section of I-80, between Ill. 23 and I1l. 178. The two "before" surveys
were conducted during September 1969 and March 1970. The "after" survey was
conducted during August 1973. ZEach survey ran continuously for seven consecutive
days. Data were collected by observers in "floating" cars continuously circu-
lating on the study section at approximately 6-minute headways (section coverage
averaging 3-minute intervals). The observers recorded information concerning any
stopped ﬁehicle on audio tapes, which were later transcribed and edited to produce
a completed coding form for each observed stopped vehicle. Information on the
cause for stoppage for drivers whose éandidacy for aid had been difficult to

determine was attempted to be obtained by questionnaires sent to them within the

© framework of the public-opinien survey discussed in a later section.

During the September SVS, 952,384 wvehicle-miles of travel were monitored as
compared with 696,256 in March 1970 and with 1,494,234 vehicle-miles in August
1970, Traffic classifiecation counts recorded 62 percent passenger cars in Sep-
tember, 69 percent in March, and 72 percent in August; most'of-the remaining
vehicles have been classified as various truck types.

As for weather, in September, 89 percent of the study was conducted in fair
weather, with eight percent in rain, and nine percent in fog éonditions; in
March, 87 percent of the time was fair, with the remaining 13 percent as snow

flurries; apd in August, 100 percent of the time was fair weather.
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The data fér the three surveys were sorted and tabulated. Table 3 presents
the reasons for vehicle stops for the three surveys. Type of service given to
the stopped wvehicle 1is ﬁresénted in Table 4, and the duration of stops and the
temporal distribution of these stops are presented in Table 5 and Figure 2,
respectively.

As it is seen from Table 3, not every vehicle that stopped needed help.
More specifically, only those with apparent reason to stop, classified as tire/wheel,
mechanical, gas/oil/water, motor/engine, accident, or fire, could be defined on
the scene as aid candidates. The percentages of stops of aid candidétes out of
the total number of stops during the two 'before" studies énd the one "after"
study were 12.4 percent, 16.0 percent, and 25.1 percemt, respectively. Reasons
for about one half of the wvehicle stops in the three surveys could not be iden-
tified on the scene, and the response to questionnaires sent to the owners of
those vehicles was rather poor. However, as shown in Table 5, the number of
vehicles stopping for 10 minutes or less ranged from 82 percemt to 84 percent of
all stops for the three studies. This suggests that most of the stoppages for
uﬁknown reasons were of short duration and could be expected to be of the "self
servicing" type. Some of those that stopped could be aid candidates who probably
grew tired of waiting for aid at the particular stop and resumed their journey.
In these situations, one could assume that these needy drivers received aid
somewhere else along the road, or elsewhere on the trip.

Although the number of stops per vehicle-mile of travel for the three study
periﬁds yielded an average of one for nearly 1500 vehicle-miles of travel, the
number of aid candidates (defined on scene) per vehicle-mile of travel was one
for every 8600 vehicle-miles. These figures are over two times higher than the
expected rate of one stop for every 20,000 vehicle-miles, according to previous

research (1).
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TABLE 3

. REASONS FOR VEHICLE STOPS __ _ _ . -

Apparent Reason for Stop "Before" "After"

September (69) March(70) August (73)

Police Action (assists, ticketing, etc.) 55 ( 6.4%) 40 ( 9.1%) 15 ( 1.7%)
Tire/Wheel 50 {( 5.8%) 42 ( 9.6%) 87 (10.1%)
Change Drivers 40 ( 4.7%2) 11 ( 2.57%) 25 ( 2.9%)
Assist Others ‘ 36 ( 4.27%) 34 ( 7.8%) 52 ( 6.0%)
Adjust cargo 36 ( 4.2%2) 17 ( 3.9%) 25 ( 2.9%)
Mechanical 34 ( 4.0%) 9 ( 2.1%) 55 { 6.4%)
Consult Map 25 ( 2.9%) 9 ( 2.1%) 16 ( 1.97)
Road Maintenance 17 ( 2.0%) 9 ( 2.1%) 24 ( 2.8%)
Sleep 17 ( 2.0%) 8 (1.82) 17 ( 2.0%)
Gas/0il/Water 7 ( 0.8%) 1L ( 0.2%2) 9 ( 1.0%)
Toilet Stop 6 (0.7 2 { 0.5%) 4& ( .5%)
Hitehhiker 4 ( 0.5%) 0 ( 0.0%) 2 ( .25
Accident 2 { 0.2%) 0 ( 0.0%) 2 ( .29
Illness , 1 (0.1%) 1(0.22) & (.57
Motor/Engine 0 (0.0%) 10 ( 2.3%Z) 53 ( 6.2%)
U-Turn 0 ( 0.0%) 4 ( 0.9%) 1 ( .17
Fire 0 ( 0.0%) 0 ( 0.0%) 0 ( .0%)
Unknown (see Note A) 496 (57.9%) 218 (49.7%) 424 (49.3%)
Other . 31 ( 3.67) 23 ( 5.3%) 46 ( 5.3%)
Use Phone {see Note B) '

Total 857(100.0%) 438(100.0%) 861(100.0%)

Note A: Since most stopped vehicles were of short duration, most having
been observed only once, the apparent reasons for stoppages, and
services provided, if any, in these cases were difficult, if not
impossible, to determine. Thus, short stoppages for unknown
reasons, as well as for some apparent reasons, could be expected
to be mostly of the "self-servicing” type.

Note B: Only 36 aid phone calls were recorded for the last section for
the entire week of data collection. This represents 4.2% of the
total amount of stopped vehicles. (These calls were already in-

"cluded in the number of stops for the various reasons.)
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TABLE 4

Observed Services Received "Before' "After"
September(69) March(70)  August(73)
State Police (Assists) 12 ( 1.4%) 3 (0.6%) 6 ( .7%)
Vehicle Towed 7 (0.8%2) 11 ( 2.5%) 6 ( .7%)
Service Truck 7 ( 0.8%) 9 ( 2.1%) 6 ( .7%)
Passing Motorist 4 ( 0.5%) 0 ( 0.0%) 6 ( .77
Tire Department 0 ( 0.0%) 0 { 0.0%) 0 ( .0%)
Ambulance 0 ( 0.0%) 0 ( 0.0%) o ( .0%)
Unknown or None Needed (see Note A) 827 (96.5%) 415 (94.8%) 837 (97.2%)
Total 857(100.0%) 438(100.0%) 861(100.0%)

Note A: Since most stopped vehicles were of short duration, most having
been observed only once, the apparent reasons for stoppages, and
services provided, if any, in these cases were difficult if not

impossible, to determine.

Thus, short stoppages for unknown

reasons, as well as for some apparent reasomns, could be expected
to be mostly of the "self-servicing” type.

TABLE 5

DURATION OF STOPS

Duration of Stop "Before" "After"

September (69) March(70)  August(73)
0 to 10 minutes

Observed only omnce 536 (62.5%) 292 (66.7%) 621 (72.1%)
Observed more than once 173 (20.2%) 76 (17.4%) 65 (11.0%)
11 to 20 minutes 48 ( 5.6%) 20 ( 4.67%) 38 ( 4.4%)
21 to 30 n 25 ( 2.97) 11 ( 2.5%) 20 ( 2.3%)
31 to 40 " 12 ( 1.42) 11 ( 2.5%) 11 ( 1.3%)
41 to 50 " 5 ( 0.6%) 5 ( 1.1%) 15 ( 1.87%)
51 to 60 " 7 ( 0.8%) 2 ( 0.5%) 9 ( 1.1%)
61 to 110 " 22 ( 2.6%) 10 ( 2.3%) 32 ( 3.7%)
111 minutes or more 20 ( 3.4%) 11 ( 2.52) 20 ( 2.37%)
Total 857 (100.0%) 438(100.0%) 861(100.0%)




7z

.mw

<t

T 0T

6T 8T LT
| | |

9T T 7T €T
| | | |

(49

_EE

OT

6_ 8

- i
— . -
— - -
. e
— e —
v - =
-~ -,

t
T 1

—¢ - “
i ~ -
- S

N r
L =,
- - -
i .
'

= e ! 4
fon - -
o =
T Ry -
e »
.~ -
o . o
v o R
o o
: P .
o .
O Y- .
L. L
. . vl
] . .
i o .
N ; il b
- — N e
v - B Rl

-
-

: v
o -1 o
ol vl et
i o
i L o
a i e () -

v ol o

s
e = «GAS
S S
Y . Ve
RY B e G

ur peddoss STOTUH

qoTyM Ut

w.m m..,mnsw._“_,ml. : =

v
923
o

. s
SINOH~

— 9

— Gl




- 28 =

TABLE 6

SYSTEM MEASURES OF EFFECTIVENESS VALUES
(STOPPED-VEHICLE SURVEY)

Measure of Effectiveness . "After" August 1973
System Utilization Ratio : 0.17
System Efficiency Factor 0.11

System Success Ratio 0.67
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table, the values .of the system parameters are quite low, indicating low usage.
However; the small samples of vehicles observed during the stopped-vehicle survey
could not indicate any conclusive values for the system usage at that point in
time.

The system usage parameters were not evaluated for the "before" study period
since no meaningful comparison with the "after" results could be made. This is
due primarily to the difference in definitions of system activations by an aid-
candidate.

I1linois State Police Assistance-Rendered Reportis

The Tllinois State Police Troopers'cooperatéd in the study by filling out a
specially designed form for the purpose of this study (Figure A-1) each time an
assist was made on Interstate 80. The information on the form was verified ﬁith
data from the stopped-vehicle survey to get a better overall picture of the
number of stops made on the route, the duration of each stop, and the reasons for
the stops. Assistance reports were collecéed in the "before" study from August,
1969 to October, 1971 resulting in 3,940 assists, or 117 assists per month. In
the "afterﬁ study, reports_wefe collected from April, 1973 to April, 1974 resuli~
ing in 729 assist records, or 61 assists per month. The reduction in the number
of recorded assists could be attributed to several factors: the shift from
giving directional information by the police patrol to providing it through the
pew motorist aid phone system, failing to fill out forms for all assists, and the
reduction in total travel due to the energy shortage.

The datalwere analyzed with two objectives in mind: (1) to determine the
average times associated with am assist rendered by the State Police ti.e. wait—

ing time of motorist before being detected by police patrol and time spent omn
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scene by police);, and (2) to determine the numbér and type of assists rendered by
the State Police. Table 7 presents average motorist walting period for police
arrival and average police-on-scene time for various envirommental conditions.
Table 8 ﬁresents the number of differemnt police assists during the "before" and
"after" study periods. Table 9 presents the action taken by the State Police
during the assists in the "before" and "after" study perdiods.

From Table 7 it can be seen that motorist average waiting time for police
arrival has increased from 13.4 minutes during the "before" period to 20.5 min-
utes during the "after" period. This could be attributed in part to the elimi-
nation of short-time field assists, such as information aid, from the "after"
sanple, Analysis of waiting time for information assists during the "before”
study showed an average waiting time of less than five minutes, with this type of
assist comprising nearly 17 percént of total police assists. This t&pe of assist
dropped down to nearly one percent during the "after" study. The almost complete
exclusion of this type of assists from police activities during the "after"
study, coupled with a lower speed limit due to the energy shortage, accounted for
the increase in the average motorist waiting time during the "after" study.

During the "before" period, Police District 5, the headquarters of which are
in Joliet, had nine men and cars on the road as compared with the "after" period
when seven men and seven cars were engaged. Police Distriect 7, with headquarters
in Rock Island, had six men and six cars, and nine men and nine cars on the road
during the "before" and "after'" periods, respectively. The changes in police
patrol levels resulted from reorganizational changes within the two police dis-
tricts and not necessarily due to the availability of the motorist aid phone
system.

Analysis of motorist waiting time by police districts revealed that in

Distriet 7, although the number of men and vehicles patrolling the facility
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TABLE 8

ANNUAL POLICE ASSISTS

Type of Assist Number of Assists Percentage
Before After Before After
Tire/Wheel 366 187 23.9 25.7
Directions/Information 256 6 16.6 0.8
Cooling System 215 106 13.9 14.5
Qut of Gas 192 128 12.5 17.6
Tgnition Trouble 114 39 7.4 5.3
Fuel Pump 46 139 3.0 19.1
Deliver Message 3 0 0.2 0.0
T1lness/Injury 1 2 0.1 0.2
Other 345 122 22,4 16.7
Total 1538 729 100.0 100.0
TABLE 9
POLICE ACTION TN ASSISTS
Annual
Type of Action Number of Assists Percentage
Before After Before After
Provide Transportation 452 235 29.4 32.2
Call Tow Truck 360 286 23.4 39.2
Assist in Tire Change 172 101 11.2 13.9
Assist with Repair 125 51 8.1 7.0
Transfer Fuel 23 6 1.5 0.8
Other (Info., Direc., etc.) 406 50 26.4 6.9
Total 1538 729 100.0 100.0




- 33 -

increased during the "after" study period; there was an increase in the average
motorist waiting time by nearly seven minutes over that during the "before'" study
period. 1In District 5, where a reduction in the patrel power occurred, the
increase in the motorist waiting time was about six minutes.

Contributing to the increase in motorist waiting time could be other police
activities that could be consuming time and the lower cruising speed due to the
energy shortage, as mentioned before. |

As to police time-on-scene, there was an increase from 22.3 minutes during
the "before" study to 30.2 minutes during the "after sfudy. This could be attri-
buted to the increased usage of the phone system for information assists. These
assists require relatively short time-on-scene and were almost completely elimi-
nated from the "after" study period sample.

The significant trend of increased motorist involvement time during the
"after" study period was consistent for the various environmental conditiomns as
shown in Table 7. Averages were slightly higher during darkness for cbvious
reasons.

From Table 8 it can be seen that during the "after" study peried, which
coincided with the gasoline shortage, a reduction of nearly 53 percent in the
number of police assists was recorded. As mentioned before, this reduction could
be attributed to failing to fill out assist reports rather than to the avail-
ability of the motorist aid phone system. The availability of the motorist aid
phone system, however, induced significant variations in the proportions of types
of assists rendered by the police as presented in Table 8. The changes in the
proportions are the results of the interaction between the availability of the
communication system and the energy shortage. There were no data available to

igolate the individual effect of either the communication system or the energy
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shortage. The energy shortage was a factor in that a number of gascline service
stations curtailed their daily business hours and closed near the end of the
month when gas allocations were already used.

Table 9 indicates the types of action taken by the police for the warious
types of aésisté shown in Table 8. The pefcen#age of police arranging for
assists has increased during the "after" study period (percent of providing
transportation and percent of calling tow~trucks),.while the percentages of
assists in repair and fuel transfer have dropped. The availability of the motorist
aid phone system could be considered as the major cause for the reproportion of
the types of action.

From the facts that fuel transfer was a small proportion (0.8%) with respect
to other types of action, and that there was a significant increase in the pro-
portion of arranging for assists, one could deduce that with the availability of
the system, the police operated more in terms of complementing the motorist aid
system in arranging for services rather than as a source of service. This, of
course, was in line with the general objectives of the motorist aid system.

Interstate 80 Accident Analysis

Two of the measures of effectiveness of the system convenience are the
number of secondary accidents and the rate of recovery of ill 'and accident vie-
tims. The proBability of occurrence of a secondary accident is a function of the
duration of a primary incident. A primary incident was defined as any event that
caused a vehicle to stop either on the roadway or on the shoulder. An early
notification to police, thus an early arrival of a rescue vehicle, would tend to
minimize such a probability and decrease the number of secondary éccidents. The
rate of recovery of ill and accident victims would be considered, in many cases,

to be positively correlated with the duration of waiting for the arrival of a
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rescue unit. An early notification to police or ambulatory service has a posi-
tive effect on the rate of recovery. Since evaluating the rate of recovery
through the various health agencies was an impossible task, time to motify police
was considered as a substitute measure of effectiveness. Data for the above
measures of effectiveness were reduced from police accident reports.

The State Police furnished 2132 accident reports in the "before'" study for

" the Period between August 1, 1969 and May 31, 1972, representing a yearly average
of 752 accidents. For the "after" study peried, 723 accident reports were fur-
nished for the period between April 15, 1973 and April 15, 1974, Among the
Nafter” study accidents, 13 involved hitting aid system rhone poles.

The above accidents represent accident rates of 124 and 77 (accidents per
100 million vehicle-miles) for the "before" and "after" study periods, respec—
tively.

Of the 752 yearly accidents in the "yefore" study, 71 were analyzed to have
been caused by a previous incident, compared with 27 out of 723 accidents .
recorded during the "after" study period.

Tables 10 and 11 present the types and severitﬁ szthe secondary accidents
during the "before" and "after" studies. The annual total number of secondary
accidents decreased by 62 percent in the "after" study periocd while the reduction
in rearend, sideswipe, and angle collisions comprised 73 percent of this total
reduction. No fatal accidents occurred during the "after" study-

The reduction in the yearly number of secondary accidents, as well as the
overall number of accidents, in the "after” study period could be attributed to
vthe combined effects of the emergy shortage, the availability of the motorist aid

system and statistical fluctuations. An AASHTO study (6) suggests that the

expected reduction in the number of accidents as the consequence of the energy
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TABLE 10

ANNUAL NUMBER, TYPE OF SECONDARY ACCIDENTS

Type Before After Change

Hitting Fixed Object 13 3 -77.0%
Rearend 22 16 -37.5%
Headon 2 1 -50.0%
Sideswipe 8 r2 -75.0%
Angle 22 2 ~91..0%
Noncollision Car in Motiomn 4 3 ~25.0%
Total 71 27 -62.07%

TABLE 11
SEVERITY OF SECONDARY AGCIDENTS

Type Before After Change
Fatal (persons) 2 0 -100.07%
Tnjury (persons) 32 4 ~-87.5%
Damage 37 23 -38.0%
27 -62.0

Total 71
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shortage could amount to 23 percent. Thus, one could suggest that, since the
reduction in the number of secondary accidents exceeded the 23 percenf reduction
allowed for the energy crisis comsequences, the motorist aid system had an effect
on the reduction in the number of secondary accidents. However, due te the small
gample for the "after" study period (one year of data), no such statistically
significant conclusiens could be made.

Analysis of the "after" data as to police notification time after an acei-
dent revealed that this time amounted to 12.8 minutes. The motorist aid system
Wés used in 46 percent of the accidents and 72 percent of the calls were made by
a third party. On these occasions the average time to notify police was 9.6
minutes. In the remaining 54 percent of the accidents, the average time to
notify the police was 15.5 minutes, as was that time during the "before™ study.
The system utilization ratio in accident situations was 0.46 compared to an overall
ratio of 0.17 as derived from the stopped-vehicle survey.

As to the effect of the motorist aid system on the recovery of 11l and
accident vietims, it was impossible to determine the exact effect of a reductien
of 5.9 minutes in time-to—notify-police on the rate of recovery due to diffi-
culties in obtaining information from the various health agencies. However, .such
a reduction could have only a positive effect.

Service Unit Assistance-Rendered Survey

Wwith the installation of the motorist aid phone system, it was expected
that, through centralized coordination -of arrangements for service, improvements
in time-to-scene, time—on-scene due to more accurate need definition, and time-
to-ald center, in addition to that in detection time, would result.

To evaluate such improvements, a 'before” and after" analysis was conducted

using service unit assistance-rendered reports received from participating service
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units. The data for this analysis were collected from December, 1969 to May, 1372
and from April, 1973 to June, 1974 for the "before" and "after" study periods,
respectively.

A total of 245 service units, consisting of service stations, wreckers,
fire departments, police departments and ambulance units, were requested to pro-
vide details of any service calls made on I-80. These service units were selected
as the most probable units by location to serve I-80. Of the 245 units con-
tacted, 92 responded favorably to the request, but only 55 units submitted
actual service unit assistance-rendered reports. A sample report is shown in
Appendix B.

A total of 521 forms were returned in the "before" study. Three service
units (6% of submitted units) were responsible for the return of 73.7 percent
of all reports. These service units operated over 41.3 percent of the length
of the study section. In the "after" study, 320 forms weTe returned where
82 percent of the returned reports were sent by three service units operating
over 37.4 percent of the length of the study section. Analysis as to who reported
the incidents fo the service units revealed that in the "before" sﬁudy, 42.6
percent of the reports were made by state police patrols, and 18.4 percent by
the driver of the disabled vehicle. In 25.6 percent of the cases, assistance
was delivered by service vehicles that detected disabled vehicles while on the
road. The remainder of the reporting was done by a passing motorist (0.4%),
city police (0.5%), sheriff (3.6%), and others (8.6%). In the "after" study, 70
percent of the calls to service units were through the motorist aid phone system.
Tn 10 percent of the cases, assistance was delivered by service vehicles encoun-
tering a disabled vehicle while on the road. The remainder of the reporting was

done by police (12%) and others (8%).
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The data reduced from the assistance-rendered reports were analyzed to yvield
averages and standard deviations for time-to-scene, time-on—-scene, and time-to-
aid center or base for various types of service vehicles, as shown in Table 12.
Averages and standard deviations of the distances from base-to-scene and from
scene—to-base or aid center for the "before" and "after" studies are shown in
Table 13. A statistical analysis revealed that there were significant differ-
ences at the five percent level, between the "before" and "after" total averages
of time-to-scene, time-on—scene, time-to-aid center or baée, distance from base-
" to-scene, and from scene—to-base or aid center.

Further analysis showed that there were no significant differences in time-
to-scene and time—on-scene for ambulances and fire uqits. This was appropriate
since in both study periods it was expected that the nearest ambulance service or
fire departmént would be contacted in case of an incident.

During the "before" study period nearly 25 percent of the aids were deliv-
ered by service vehicles patrolling the road compared with 10 percent during the

"after" period. The higher percentage of such service during the "before" study

period could have had a minimizing effect on the differences between time-to- -

scene and time-to-base in the "before" and "after" study periods. Sﬁch an effect
could also be experienced because of the réductibn in speed limit due to the
energy crisis.

The statistically significant differences between time~to-scene and time-to-
base, despite the minimizing effects as discussed above, suggest theoreticélly
that the motorist aid phone system could have had a significant positive effect
in this case. However, the same two service units accounted for 60 and 70 percent
of the reporis in the "before" and "after" study periods, wespectively. This fact

tends to prevent analyzing, in this case, the contribution of the optimal service
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