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Transportation R&D Technology: The Diagnostic Motor 

Vehicle Information Concept, 1969-1981 

JAMES L. DUDA 

An overview of the role of safety and economics of the diagnostic motor vehi
de inspection (DMVI) concept is presented. The purpose of providing dia1t 
nostic inspection separate from repair was to provide information to automo
bile owners and operators about their vehicles. They would use this informa
tion as a basis for authorizing only those repairs that were really needed and 
thus avoid authorizing unnecessary or fraudulent repairs. End users would 
also benefit from reduced life-cycle costs, reduced pollution, and increased 
safety. However, the safety focus of the program has led to a DMVI facility 
configuration that is uneconomical. These factors are discussed and a systems 
analysis methodology is suggested that can be used to optimize the design of 
the DMVI facility . The methodology applies the technique of maximizing the 
marginal effectiveness of available resources. These resources consist of the 
appropriate equipment and labor complements that support specified levels of 
diagnostic inspection. 

The number one consumer complaint of the past decade 
has been about the automobile repair industry. 
Testimony in Senate hearings by the Federal Trade 
Commission indicated that consumer complaints re
lated to the automobile stood at 30 percent compared 
with 7 percent for all consumer products (Automotive 
Repair Industry Hearings before the Subcommittee on 
Antitrust and Monopoly of the Committee on the 
Judiciary, U.S. Senate, 90th and 91st Congresses, 
Parts 1-6, July 1972). They also reported that 
automobile-related complaints take longer to settle 
than complaints for other consumer products. The 
federal government reported that end users spend 
from $42 to $50 billion/year on the repair and 
maintenance of their automobiles. Of this, several 
studies estimated that from $13 to $17 billion is 
spent on repairs that were unnecessary, improperly 
done, or not done at all (1). The economic, social, 
and political implications of this situation are 
wide ranging and complex. 

The Motor Vehicle Information and Cost Savings 
Act of 1972 (P.L. 92-513) represented the federal 
government's response to end-user concerns about the 
high cost of automotive maintenance and repair and 
their dissatisfaction with the repair industry. The 
Act was based on information obtained, in part, from 
an investigation started in 1968 by the Antitrust 
and Monopoly Subcommittee of the Senate Judiciary 
committee. It was a four-year investigation that 
heard from dozens of witnesses who provided more 
than 4000 pages of testimony (see Legislative His
tory of P.L. 92-513, p. 3962). In addition, the 
staff of the Senate Judiciary committee and the 
Subcommittee on Antitrust and Monopoly collected 
more than 60 000 exhibits and interviewed several 
hundred individuals who were not witnesses in the 
formal hearings. Testimony and evidence was re
ceived from every segment of the automobile indus
try, from manufacturers to independent service 
establishments. The exhibits included thousands of 
letters ·from irate motorists. The Act was based on 
a great deal of information that documented the 
enormity and complexity of the repair and consumer 
problem. The Act was passed by Congress in 1972 in 
response to the great tide of end-user complaints in 
the late 1960s. 

The centerpiece of this legislation was embodied 
in Title III, Diagnostic Demonstration Projects, 
which called for motor vehicle diagnostic inspection 
demonstration projects to be conducted by the Na
tional Highway Traffic Safety Administration 

(NHTSA). There were two critical aspects of the 
diagnostic concept as envisioned. First, the vehi
cle was to be diagnosed by an independent inspection 
facility with no vested interest in automobile 
repairs. Second, the vehicle owner was to have the 
option of taking the vehicle to a repair facility of 
his or her choice with full assurance that the 
repairs would be performed properly and at a reason
able cost. 

Although in a complex scenario that involved 
manufacturers, the repair industry, parts suppliers, 
equipment manufacturers, and automobiles of differ
ent makes, models, and years of manufacture in an 
arena of steady technological and regulatory change, 
it was believed that it was practical to provide 
diagnostic information on the condition of the 
automobile to the end user. Such diagnostic infor
mation would help the end user avoid authorizing 
unnecessary repairs. In this way, a diagnostic 
facility would sell to the end user information on 
the condition of his or her vehicle. This informa
tion would then be used to authorize only those 
repairs that were truly needed and thus avoid ques
tionable expenditures. 

DMVI CONCEPT 

As envisioned in the legislative history, the ideal 
high-volume diagnostic inspection station would 
supplement the existing automotive repair and ser
vice industry. The quality of the process would 
thereby be improved and the overall costs would 
perhaps be reduced. As shown in Figure l, the 
availability of diagnostic motor vehicle inspection 
(DMVI) facilities would encourage separation of the 
diagnostic and repair functions that currently are 
not now separated in the service industry (2). 

Ideally, a diagnostic inspection facility would 
use standardized and highly automated inspection 
equipment and data-handling techniques to pinpoint 
the vehicle components that caused failure of the 
safety, emissions, noise, or fuel-efficiency inspec
tion standards. The motorist would then take his or 
her vehicle to a repair establishment and relay 
instructions to the mechanic concerning the neces
sary work. On completion of the work, the mechanic 
would have access in his or her own shop to suitable 
diagnostic equipment and/or procedures to check the 
results of the work, consistent with inspection 
standards. The end user would then be able to 
return to the inspection facility with confidence 
that his or her car would pass the motor vehicle 
reinspection. Through such a system, the motorist 
would be spared repeat trips between the inspection 
facility and a repair establishment trying to pin
point the vehicle's malfunction and having it re
paired adequately. 

Diagnostic facilities in the late 1960s and early 
1970s consisted of certain basic equipment that 
included a lift, engine analyzer, dynamometer, 
alignment tester, an assortment of hand-held tools, 
and an emissions analyzer. Inspections then, as 
now, consisted of visual checks, measurements, and 
automatic evaluations. The information was passed 
to the end user by means of an oral discussion and a 
piece of paper with varying amounts of relevant 
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Figure 1. DMVI concept. 
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diagnostic information, In some cases, the facility 
that performed the diagnosis also performed limited 
repairs and adjustments. The facility personnel 
also served as consultants to the repair industry 
and the end user. The facility personnel assisted 
the end user to perform his or her own repairs and 
reinspected the vehicle after it was repaired to 
ascertain that the repair was performed and to 
evaluate the quality of the repair. Figure 2 (1) 
presents a typical lane-type diagnostic inspection 
facility. 

DMVI, 1969-1981 

The configuration, equipment and labor complement, 
and diagnostic inspections recommended and in prac
tice today are not fundamentally different from 
those that existed 12 years ago, Today's configura
tion of lanes and/or bays is essentially the same 
for brakes, alignment, body, lights, suspension, and 
exhaust system but with upgraded electronic equip
ment for engine analysis and emissions inspections, 
increasing numbers of smaller cars, diesels, and 
vehicles with front-wheel drive. 

Another facet that has not changed in the past 12 
years is the fact t hat fac ilities , as configured, 
are marginally economi cally viabl e. The economic 
success of these diagnostic facilities has been 
limited and temporary. Commercial diagnostic in
s pect ion f ees are based on the estimated labor time 
r equir ea for the diagnosis plus , i n some cases , an 
equ i pment a mortization charge. In 1980 dollars , the 
commercial d iagnostic inspection fee is on the orde r 
of $25, and it is not sufficient to operate the 
facility, pay all labor costs, and make a reasonable 
profit. In the few commercial facilities still 
operating, the diagnostic fee is considered a loss-

IMOTOAIST GIVEN INFOAMA• 
TION TO HELP OPTIMIZE FUEL 
ANO MAINTENANCE ECONOMY) 

FAIL 

Transportation Research Record 844 

TEST <:::::.:- EQUIPMENT 
AEPAIA 

PROCESS 
PASS \ TO VEAIFY THAT 

VEHICLE HAS 
BEEN FIXED TO 

PASS AETEST 

leader that will draw repair work to the shop, 
Commercial facilities have reported that at least 
50-75 percent of inspection customers usually re
quest that repair work be performed by the diagnos
ing facility. Table 1 (4) lists diagnostic inspec
tion fees reported by commercial establishments. 

Not-for-profit facilities are subsidized by their 
membershipi they operate at a loss or just break 
even. They report that patronage drops off after an 
initial spurt of interest. Occasional publicity 
campaigns are needed to revive interest. Without 
performing repa ir services, the diagnostic facili
ties are not economically viable. 

To date, only a few inspection facilities have 
approached the ideal system described earlier. No 
state has implemented such a diagnostic inspection 
system. Also, many vehicles are not subject to any 
kind of mandatory periodic motor vehicle inspection 
(PMVI). we have reached a crisis in the DMVI con
cept as configured. Before the DMVI concept is put 
to rest, however, the following quest i ons need to be 
answered. 

SAFETY FOCUS 

What is the objective of DMVI? The symptom of a 
problem is end-user dissatisfaction with the repair 
industry. Information on the condition of the 
vehicle was believed to be the answer, However, the 
information was to be based on the safety er iti
cality and emissions of the vehiclesi minimum cost 
and fuel economy were to be by-products of this 
safety focus. Safety is the primary role of NHTSA7 
consequently, there was a safety focus on the DMVI 
concept. 

The fact that mechanical defects are frequently a 
contributing cause to about 10 percent of all traf-

I Figure 2. Hypothetical 
diagnostic inspection lane. I I I 
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Table 1. Commercial diagnostic inspection fees. 

Total Inspection Estimated 
Commercial Diagnostic Process Time Insp~ction Fee Hot•rly 
Inspection Facility (min) (l 980 $) Fee($) 

Auto Lab 45 24.95 33.27 
Automotive Evaluation 60 21.00 21.00 
Center 

Automotive Perfor- 52 30.00 34.62 
mance Specialists 

Avocation, Ltd . 75 28.50 22.80 
Call Carl 58 21.95 22.71 
J.C. Penney 73 20.88 17.16 
Montgomery Ward 60 18.95 18.95 
Avg 58.5 22.95 23.54 

fie accidents (rather than a sole cause) complicates 
the task of identifying the impacts of demonstration 
experiments on traffic safety (5). Furthermore, 90 
percent of all accidents are caused by the driver-
thousands yearly kill themselves and others through 
drunk driving, a majority shun the use of seat 
belts, and most states do not have even the most 
rudimentory form of PMVI. Consequently, programs 
aimed at getting people to wear seat belts, enforce
ment of the 55-mph speed limit, more strict laws 
that govern the driving habits of teenage drivers, 
and getting drunk drivers off the road may have a 
great deal more potential for improving safety than 
motor vehicle safety inspection. 

This focus on safety may have placed constraints 
on the solution, perhaps to the detriment of the 
original intent of the legislation, i.e., to assist 
the end user to avoid excessive repair costs. on 
the one hand, a well-maintained automobile means a 
safe automobile; on the other hand, "too much 
safety" can lead to excessive maintenance, 

Suppose we set aside the safety focus of the 
current DMVI program and focus instead on determin
ing what form of DMVI can help the end user minimize 
the cost of operating and maintaining his or her 
automobile by using the DMVI concept. What impact 
would this change in emphasis have on the configura
tion of the diagnostic facility? How might this 
change the equipment and labor complement of the 
DMVI facility and the total cost to the end user of 
maintaining his or her automobile? 

ECONOMIC FOCUS 

Perhaps the question should be, What level of DMVI 
will save the end user money, provide a profit to 
entrepreneurs, and yield a vehicle that is safer, 
more fuel efficient, and with lower emissions? 

Having identified the objective as saving the end 
user money with safety, fuel economy, and minimum 
emissions as the by-products of an economical and 
reliable automobile, the next step might be to 
approach the design of a DMVI facility from this 
point of view. The following questions should be 
answered. First take a look at where the end user 
is spending most of his or her after-market repair 
dollars. It may be that these components may offer 
the greatest potential for savings. The following 
lists the major automotive subsystems for end-user 
expenditures (&,-~): 

Brakes 
Tires and wheels 
Engine 
Suspension 
Under the hood 

Annual 
Expenditures 
(%) 
22.5 
21. 9 
11.4 
11.1 
9.0 

Item 
Exhaust 
Alignment 
Steering 
Electrical 
Lighting 
Body 
Other 

Annual 
Expenditures 
(%) 
5.8 
4.4 
3.7 
3,2 
2,6 
2.1 
2.3 

3 

The first step is to estimate the fraction of 
consumer expenditures in the automobile after-market 
by item; that is, estimate the market share by 
automotive component. Of particular interest are 
high expenditure items. For example, if $50 billion 
were spent last year by end users for the above 
items, then 22.5 percent of $50 billion was spent on 
the brakes subsystem, or $11.25 billion. 

The next step would be to estimate or calculate 
the amount for each item that is considered to be a 
questionable expenditure. For example, if $11.25 
billion was spent on brakes and one-third of that is 
considered to be possibly misspent, then the ques
tionable expenditures for brakes is one-third of 
$11.25 billion, or $3.75 billion/year. 

However, not all of the $3.75 billion/year of 
questionable expenditures can be saved by a DMVI 
program. A certain amount of the questionable 
expenditures may be due to prudent repair practice, 
such as the replacement of wheel cylinders; some may 
be due to the desire or convenience of the owner or 
operator of the vehicle, and so on. Some analysis 
will be required to estimate what percentage of the 
questionable expenditures may be recaptured for each 
subsystem. For example, for brakes, suppose that 30 
percent of the questionable expenditures can be 
avoided by an effective DMVI program; that would 
amount to $1.125 billion. If this $1.125 billion 
applies to a national fleet of 100 million passenger 
cars, then this would amount to $11. 25/vehicle/year 
for the brakes subsystem. 

A similar procedure would be applied to each 
subsystem to determine the percentage of question
able expenditures and the percentage that might be 
avoided by a DMVI, The high-ranking subsystems 
would be the focus of the DMVI to provide the end 
user with the greatest service with the objective of 
saving him or her money on the maintenance of their 
automobiles (see Table 2). 

MAXIMIZING MARGINAL EFFECTIVENESS 

A DMVI facility would then be configured by using 
the above information and applying the incremental 
effectiveness technique to maximize the marginal 
effectiveness. [Several applications of this con
cept can be found in Rudwick (10) ,) 

Applying the technique entails the application of 
a very simple rule. The rule is that resources 
should be allocated to provide the maximum increase 
in effectiveness (or return, or benefits) per unit 
resource used. In this problem the marginal effec
tiveness might be measured by the increase in worth 
of the next level of DMVI. The unit of resources is 
the equipment and labor in the DMVI for a particular 
level of inspection. For example, for the brakes 
subsystem, level 1 might be a platform test, level 2 
might be a platform test plus wheel pull, etc. The 
effectiveness of any level might be expressed by 

Ei = nCi + dDi + (t-d)Ai 

where 

i ~ level or depth of inspection, 
n • number of vehicles, 

(!) 
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Table 2. Costs of repairs by subsystem. 

Cost($ billions) 

Annual Questionable 
Item Expenditures Expenditures Capture 

Brakes 11.25 3.75 1.08 
Tires and wheels 10.95 2.40 0.50 
Engine 5.70 1.50 0.20 
Suspension 5.55 3.25 0.94 
Under the hood 4.50 0.80 0.07 
Exhaust 
Alignment 
Steering 
Electrical 
lighting 
Body 
Other 
Total 

d 
t 

Ci 
Di 

2.90 0.40 0.20 
2.20 0.50 0.30 
1.85 0.30 0.23 
1.60 0.20 0.14 
1.30 0.40 0.30 
1.05 0.15 0.08 
1.15 0.08 0.08 

50.00 13.80 m 

number of discovered defects, 
total number of defects per vehicle, 
cost of DMVI per vehicle, 
average repair costs for discovered defects 
per vehicle, and 

Ai average repair costs for undiscovered defects 
per vehicle. 

The incremental or marginal effectiveness, then, 
would be 

t.Ei = Ei+i - Ei (2) 

The baseline effectiveness, in this case, would be 
the situation with no inspection at all, which is 
level zero: 

F.o = 0 Co + dDo + (t-d)Ao 

= dDo + (t-d)Ao (3) 

The application of the concept of maximizing the 
marginal effectiveness when assigning resources is 
described below. 

Consider a structure that indicates the incre
mental effectiveness obtained by the assignment of 
the nth complement of equipment and labor to the 
subsystem or component that provides the next great
est return. Such a compilation will be the basis 
for applying the key decision rule to be followed in 
allocating resources; that is, always assign the 
next equipment or labor complement to that subsystem 
or component that will yield the highest marginal 
effectiveness of all of the assignment choices 
available. Thus, while there are many possible 
choices involved in the first allocation decision 
(i.e., assign the first equipment or labor comple
ment to any of the many possible items), the highest 
marginal effectiveness is obtained by assigning the 
first complement to the first inspection item. 

Hence, decision one will consist of allocating 
the first equipment or labor complement to the 
subsystem or component that will provide the great
est return to the end user and patron of the DMVI 
facility. This procedure can be continued as long 
as there are additional inspection equipment and 
labor complements to be allocated and their alloca
tion does not exceed the economic feasibility con
straints that provide economic inoentives to users 
and returns a profit to the investors in the facili
ties. 

The application of the concept of maximizing 
marginal effectiveness will do the following: 
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l. Establish the economic feasibility of a com
mercial DMVI, 

2. Identify the key variables and interrelations, 
3. Show whether an economic focus provides at

tractive safety benefits, and 
4. Provide policy information required for con

sideration of DMVI by state and local governments. 

I believe that data are available from NHTSA' s 
Special Project and National Accident Sampling 
System, Hunter's Service Job Analysis, Chilton's, 
etc., to do a reasonable job of estimating the 
average repair costs for discovered and undiscovered 
defects. Economic data for the baseline case might 
be gleaned by comparing normalized area automobile 
after-market data for states with and without motor 
vehicle inspection. In a similar fashion, the total 
number of defects for a group can be estimated as 
well as the probabil~ ty of detection at a speci f i e d 
level of inspection. Maybe the economic model 
should be restructured and parametric analyses 
performed to examine these factors and settle once 
and for all the issue of the sound and promising 
concept of a DMVI. 
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Evaluation of Magnitude of Unnecessary 

Automobile Repairs 

BERNARDJ.SCHROER 

The results of a four-year ltudy to evaluate the magnitude of unnecessary 
automobile repairs are summarized. The sources of data were the Alabama 
Motor Vehicle Diagnostic Inspection Demonstration Project, the Missouri 
and California American Automobile Association diagnostic centers, and 
a seven-city undercover survey. The results indicate that users of diagnos
tic centers may experience a lower unnecessary repair rate and that the 
repair industry's knowledge of the after-repair inspection may have an 
effect on the quality of repairs. 

The cost of owning and operating automobiles in the 
United States comprises the fourth largest item of 
personal expenditure--approximately $158 billion 
annually (1). The distribution of these expendi
tures is given in Figure 1 (2) (adjusted for con
sumer price index for transportation for 1977). 
Twenty-two percent, or $35 billion, is for mainte
nance and repairs. Light-truck expenditures and the 
value of economic loss due to inadequate repairs, 
accidents, wasted fuel, pollution, and reduced ve
hicle life amount to an additional $15 billion 
annually. When these expenditures are added to the 
cost of repairs and maintenance, this totals some 
$50 billion annually. 

There has been much discussion and debate on the 
costs of maintaining and repairing an automobile and 
on how much of this $50 billion could have been 
saved. As a result, there has been much criticism 
of the repair industry. Beginning in 1968, the 
Senate Subcommittee on Antitrust and Monopoly began 
a four-year investigation of the automobile repair 
industry. These Senate hearings disclosed major 
areas where multibillion dollar economic losses 
occur to motorists. Foremost was the cost of unnec
essary and unsatisfactory repairs. Testimony was 
given that the consumer loss may exceed $8-$10 bil
lion annually. If this figure is adjusted for in
flation and the increase in the vehicle fleet, the 
$8-$10 billion would exceed $20 billion (3). Testi
mony of other areas of consumer loss included the 
enormous damage suffered by vehicles in very low
speed crashes, used cars that had odometers turned 
back to enhance their value, and the economic losses 
that result from stolen vehicles. 

Studies in eight states between 1973 and 1975, in 
which 200 vehicles with known faults were taken to 
repair shops, showed 40 percent of the shops charg
ing for unnecessary repairs and 10 percent of them 
charging for work not performed. In addition, a 
survey of owner knowledge made by the National High
way Traffic Safety Administration (NHTSA) showed 
that close to half the vehicle owners lacked the 
rudimentary knowledge needed for correctly purchas
ing routine maintenance and repairs. 

A survey published in the Harvard Business Review 
showed 35 percent of the respondents had recent 
complaints about faulty or unneeded automobile re
pairs and that 50 percent of owner complaints about 
repair quality are not satisfactorily resolved. 
Consumer complaint files from states and business 
organizations as well as other surveys provided 
similar data. 

A study by NHTSA (3) came to the conclusion that 
approximately 40 perc;nt ($20 billion) of the costs 
associated with automobile repairs was wasted. The 
NHTSA-estimated distribution of these consumer 
losses is given in Figure 2 (_J). 

Even though there has been this discussion and 
debate on the automobile repair problem, very few 
data have been collected that quantify the magnitude 
of the problem. The University of Alabama in Hunts
ville has conducted five studies funded by NHTSA 
(4-6), the Federal Trade Commission (FTC) (1), and 
the- U.S. Department of Transportation (DOT) (~), 
which attempt to quantify the magnitude of unneces
sary and unsatisfactory automobile repairs. This 
report compares one of the parameters common to each 
of these studies: the magnitude of the rate of 
unnecessary repairs. 

DATA SOURCES 

Automobile repair costs were collected and analyzed 
from four sources: the Alabama Diagnostic Inspec
tion Demonstration Project, the Missouri American 
Automobile Association (AAA) diagnostic center, the 
California AAA diagnostic center, and an undercover 
survey conducted in seven cities throughout the 
country (5-8). The following sections briefly dis
cuss each-of these data sources. 

Alabama Diagnostic Center 

The results of the Senate hearings in the late 1960s 
were the justification for the passage of the Motor 
Vehicle Information and Cost Savings Act (P.L. 
92-513) in 1972. Title III of the Act authorized 
the Secretary of Transportation to establish a 
number of motor vehicle diagnostic inspection and 
testing centers throughout the country. The objec
tive of the program was to provide for the accumula
tion of data to determine if diagnostic inspections 
are cost effective in that public benefits would 
exceed program costs. Specific types of data col
lected by the inspection centers included vehicle 
outages, exhaust emission rates, repair costs, 
facility operation and staffing requirements, 
vehicle-in-use standards and feasible reject levels, 
equipment reliability and interchangeability, and 
the capability of the repair industry to correct 
diagnosed deficiencies. 

The Alabama Motor Vehicle Diagnostic Inspection 
Demonstration Project (Auto Check) was one of five 
diagnostic centers established under the Act. The 
Auto Check facility is located on the campus of the 
University of Alabama in Huntsville. Under the 
initial program, from October 1974 through June 
1976, only selected 1968-1973 vehicles were in
spected. Since July 1976, the center has been in
specting all model years. To date, more than 19 000 
vehicles have received more than 32 000 inspections. 

Federal funding for automobile inspections at the 
center ceased in October 1977. Since then, the 
center's inspection program has been supported by 
university funds and by a $10.00 inspection fee. 
currently, only one of the three lanes is being 
maintained and is staffed to perform 10 inspections/ 
day. 

Each vehicle is given a thorough diagnostic in
spection. After the inspection, the motorist is 
counseled concerning the condition of the vehicle. 
During the counseling the motorist is requested to 
have the necessary repairs performed and then to 
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return to Auto Check for a repair inspection. In 
addition, the motorist is also requested to retain 
all repair receipts and to make these receipts 
available to Auto Check. 

Beginning in 1977, the counselor gave all partic
ipants a prescription form that gave participants 
specific repair instructions to convey to the repair 
facility. Two prescription forms were used. One 
form was for engine-related outages while the second 
form was for brake, tire, steering, suspension, and 
wheel-alignment outages. The forms have a priority 
column where the counselor indicates the relative 
importance of each repair. 

A sample of cars was selected from the Alabama 
center that failed the brakes, emission, suspension, 
steering, or alignment system; returned for an 
after-repair inspection; and provided the corre
sponding repair receipts. 

Figure 1. How the automobile dollar is spent. 

TOLLS 1 % 

INSURANCE 

AUTOHOB I LE PURCHASE 

~5% 

GASOLINE AND OIL 
29% 

Figure 2. Estimated distribution of automotive repair and maintenance losses. 

• Veh 1 c 1 es 
Prematurely 
Scrapped 

Vehicle Design 
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Missouri Diagnostic Center 

The Missouri AAA diagnostic center is located at 
- 3925 Lindell Boulevard in St. Louis. The center was 
originally established as a service to AAA members, 
although nonmembers may also use the center. 

The center opened in the fall of 1967. The 
center occupies 10 000 ft 2 and is equipped with 
the latest equipment for static and dynamic analy
sis. Four types of inspections are performed: a 
complete diagnostic inspection at a cost of $30.00 
for members and $40.00 for nonmembers, a system and 
component inspection, an after-repair inspection at 
a cost of $1.00, and the state motor vehicle safety 
inspection, required annually by Missouri, Since it 
opened, the facility has inspected more ~han 120 000 
automobiles. 

A sample of 444 cars was selected from the Mis
souri center that met the following conditions: 
inspected in 1978, failed the brakes or emissions 
inspection, returned for an after-repair inspection, 
and provided the corresponding brake or emissions 
repair receipts. 

Californ ia Diagnostic Center 

The California AAA diagnostic centers are located at 
150 Hayes Street in San Francisco and at 2615 Key
stone Avenue in San Jose. The San Francisco center 
opened in the fall of 1968 while the San Jose center 
opened in 1974. 

The centers are equipped with the latest equip
ment for static and dynamic analysis. The centers 
perform complete diagnostic inspections at a cost of 
$30,00 for members and $40.00 for nonmembers. A 
system and component inspection costs from $6.00 to 
$22. 00. unlike the Missouri AAA diagnostic center, 
no post-repair inspections are normally performed. 
The San Francisco center has conducted more than 
75 000 inspections while the San Jose center has 
conducted more than 33 000 inspections. 

A sample of 513 cars was selected from these 
centers that met the following conditions: in
spected in 1978, failed the brakes or emissions 
inspection, agreed to return for an after-repair 
inspection at no cost, and provided the correspond
ing brake or emissions repair receipts. During this 

Underma i ntenance or 
Fau 1 ty Repairs 

Faulty Repairs 
(No Reimbursement) 

Unneeded Parts 
(Package Deals) 

Unneeded Repll j ,., 

• Inadequate 
Diagnosis 

• Possibl e 
Fraud 
In tended 

• Over rrequent 
Preventive 
Main tenanc.e 
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data-collection period, all motorists whose vehicles 
failed the brake or emissions inspection were asked 
to return for an after-repair inspection in order to 
collect repair receipts. There was no charge for 
the after-repair inspection. 

Transportation Survey 

The University of Alabama, under contract to DOT, 
conducted an undercover survey of repair facilities 
in the following seven cities: Atlanta; Phila
delphia; Miami; Nashville; Houston; White Plains, 
New York; and Brooklyn, New York. The survey was 
conducted between January and March 1979. 

In six of the cities, the survey was carried out 
in cooperation with the District Attorneys' of
fices. This effort was coordinated by the project 
director of the National District Attorney's Associ
ation Economic Crime Project. In the seventh city, 
Atlanta, the survey was carried out in cooperation 
with the Georgia Governor's Office of Consumer Af
fairs. 

A reputable repair facility was identified in 
each of the cities and used as the secure facility. 
These secure facilities provided the inspection 
space and equipment and the master mechanics who 
assisted in the inspection of the vehicles. Sixty
two cars were inspected at the secure facilities and 
documented. Engine and suspension malfunctions were 
introduced into these cars, and the cars were then 
taken to randomly selected repair facilities in each 
city. No induced malfunctions were made in the 
brakes. After the repairs were made, the cars were 
inspected at the secure facilities and the repairs 
documented. 

APPROACH 

The detailed data-reduction procedures were initi
ally developed during the analysis of the repair
cost data from the Alabama Diagnostic Inspection 
Demonstration Project. A description of these pro
cedures is given elsewhere (!l• These same proce
dures were used to reduce the data from the other 
sources. Therefore, the data could be readily com
pared among the four sources. 

In summary, each repair action on a repair re
ceipt was classified as being required, recommended, 
optional, or unnecessary. The criteria for deter
mining the repair classification were as follows: 

1. A repair was considered required if the i tern 
was found to be faulty (i.e., failed) during the 
inspection, 

2. A repair was considered recommended if the 
repaired item is normally repaired as part of the 
repair of another faulty item repair even though 
nothing was found to be faulty with the subject item 
during the inspection, 

3. A repair was considered optional if the re
paired i tern may or may not be normally repaired as 
part of another faulty item repair even though noth
ing was found to be faulty with the subject item 
during the inspection, and 

4. A repair was considered unnecessary if the 
repaired item passed the inspection and no other 
repair of another marginal or failed component would 
normally affect the decision to repair the subject 
item. 

The determination of the repair classification 
was done by a team of individuals--an experienced 
diagnostic inspector and an experienced automotive 
parts specialist. Only the diagnostic inspector was 
used to classify the survey data. 
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UNNECESSARY REPAIRS 

The repair actions and the corresponding costs for 
each of the four sites are given in Tables 1 and 2. 
In summary, 6075 repair actions that represent 
$129 217 were analyzed from Alabama, 680 repair 
actions that represent $1B 4 75 were analyzed after 
Alabama introduced the prescription forms, 1454 
repair actions that represent $67 444 were analyzed 
from California, 1014 repair actions that represent 
$31 610 were analyzed from Missouri, and 120 repair 
actions that represent $3163 were analyzed from the 
seven-city survey . 

Unnecessary Repair Frequencies 

Figure 3 contains a comparison of the unnecessary 
repair frequencies for each of the data sources. 
The seven-city survey had the highest unnecessary 
repair frequency of 27 percent, followed by 25 per
cent from the Alabama center during its first two 
years of operation. Statistically, there is no sig
nificant difference between the two frequencies 
(x• = 0.101. 

After two years of inspections, the unnecessary 
repair frequency in Alabama was reduced from 25 to 
18 percent. There may be several reasons for this 
reduction. One obvious reason is the classic 
learning-curve effect for project personnel, vehicle 
owners, and the repair industry. A second reason is 
the introduction of the prescription forms in 1977. 
A study of the data at the time (6) indicated that 
the overall unnecessary repair freque ncy was 26 
percent between 1975 and 1977--24 percent during the 
first six months of 1976 and 15 percent during the 
first nine months of 1977. Therefore, it appears 
that the learning effect may be minimal and that the 
use of the prescription forms may have been a major 
reason for this reduction of the unnecessary repair 
frequencies. The California and Missouri centers 
have been using a similar procedure in relaying to 
the motorist what should be repaired. The AAA cen
ters have been in operation since the late 1960s; 
therefore, this possible learning effect by the 
repair industry, which was observed in the Alabama 
data, may have already occurred and is reflected by 
the lower unnecessary repair frequencies for the 
California and Missouri centers. 

The unnecessary repair frequency for Missouri (10 
percent) was significantly lower than for the other 
sites. Even after the introduction of the prescrip
tion forms in Alabama, which reduced the unnecessary 
repair frequency to 15 percent, there was still a 
significant difference (x 2 = 10.0, p < 0.005), 
with Missouri significantly lower. One possible 
explanation for the low unnecessary repair frequency 
for Missouri (besides the learning effect) is the 
possible effect on the repair industry of the after
repair inspection being performed by the Missouri 
center. The repair industry is probably aware of 
this procedure. On the other hand, the California 
center is not performing after-repair inspections 
and the unnecessary repair frequency was 18 percent. 

The unnecessary repair frequency for California 
(18 percent) was significantly lower than Alabama 
before the introduction of the prescription forms 
(25 percent) (x 2 = 28.8, p < 0.001). After the 
use of the prescription forms in Alabama, there was 
no significant difference in the unnecessary repair 
frequency (18 percent versus 15 percent) (x 2 = 
2.6). These results suggest that unnecessary repair 
frequencies may be reduced by providing the motorist 
with understandable repair information for communi
cating with the repair industry. 

In summary, the data in Figure 3 suggest that the 
magnitude of unnecessary automobile repairs may be 
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as high as 25-27 percent. However, it appears that 
diagnostic centers may have an effect on reducing 
unnecessary automobile repairs. The data from the 
Alabama center, which has been in operation since 
1975, indicated a high initial unnecessary repair 
frequency that was supported by the seven-city sur
vey. After several years of operation, the Alabama 
unnecessary repair frequency was reduced signifi
cantly. Furthermore, it appears that the frequency 
may be reduced even further with time, as indicated 
by the Missouri center. This suggests that a defi
nite learning effect does exist as the repair indus
try becomes aware of the diagnostic centers. 

Coupled with this learning effect in decreasing 
unnecessary repairs is the after-repair inspection 
service that is provided by the diagnostic centers. 
The Missouri and Alabama centers have been providing 
this service while California has not. It appears 
that the repair industry's knowledge of the after
repair inspection may also have an effect on un
necessary repairs. 

' 
Table 1. Comparison of repairs. 

Alabama (overall) 

Repair No . Percent 

Required 3932 65 } Recommended or 627 10 
optional 

Unnecessary 1516 25 

Total 6075 

Table 2. Comparison of repair costs. 

Alabama ( overall) 

Alabama 
(after prescription) 

No . 

575 

~ 
680 

Alabama 

Percent 

85 

15 

(after prescription) 

California 

No. 

1043 

145 

266 

1454 

California 
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Unnec essary Repair Costs 

Figure 4 contains a comparison of unnecessary repair 
costs. Overall, 53 cents of every dollar at the 
seven-city survey was spent on unnecessary repairs 
versus 29 cents for Alabama, 19 cents for Alabama 
after the prescription forms, 13 cents for Cali
fornia, and 11 cents for Missouri. There is close 
correlation between the unnecessary repair frequen
cies a nd the unnecessary costs for all sites with 
the exception of the seven-city survey. For the 
survey, 27 percent of the repair actions were un
necessary while 53 cents of each repair dollar was 
spent on unnecessary repairs. One explanation for 
this high unnecessary repair rate could be that the 
induced engine malfunction (shorting the number 4 
spark plug) and the induced suspension malfunction 
(removing the stabilizer link) caused higher unnec
essary repairs (8). No malfunction was induced for 
the brakes. A second possible explanation for this 
anomaly could be the relatively smaller sample size 
for the seven-city survey, 

Missouri Survey 

Percent No. Percent No. Percent 

72 834 82 62 52 

10 76 8 26 21 

18 104 10 _TI_ 27 

1014 120 

Missouri Survey 

Repair Cost($) Percent Cost($) Percent Cost($) Percent Cost($) Percent Cost($) Percent 

Required 77 250 60 } 54 212 80 26 126 83 768 24 
14 908 81 

Recommended 14 329 11 4 960 8 2 182 7 724 23 
or optional 

Unnecessary 37 638 29 3 567 19 8 272 12 3 302 10 !ill 53 

Total 129 217 18 475 67 444 31 610 3163 

Figure 3. Comparison of unnecessary repair rates. 
Unnecessary Repair Rate (%) 

10 15 20 25 . 
Seven city survey l 27% 

Alabama Diagnostic Center 
1 25% (first two years) 

California AAA Diagnostic l Center (ninth year) 18% 

Alabama Diagnostic Center 
1 15% (third and fourth years) 

Missouri AAA Diagnostic I , 0% Center (tenth year) 
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Figure 4. Comparison of unnecessary repair costs. 

Seven city survey 

Alabama Diagnostic 
Center (first two years 

Ca 1 iforn i a AAA 
Diagnostic Center 
(ninth year) 

A 1 abama Diagnostic 
Center (third and 
fourth year) 

Missouri AAA 
Diagnostic Center 
(tenth year) 

In sununary, the data in Figure 4 suggest that the 
magnitude of unnecessary repair costs may be between 
29-53 cents but probably closer to 29 cents. How
ever, it is apparent that diagnostic centers reduce 
the rate of unnecessary repairs while also reducing 
the cost of unnecessary repairs. The magnitude of 
the reduction may be 10-12 cents/diagnostic center. 

UNNECESSARY REPAIRS BY SYSTEM 

Unnecessary Repair Frequencies 

Table 3 contains a comparison of the unnecessary 
repair frequencies by system for each of the four 
sources. The unnecessary brake-repair frequencies 
were similar for California (28 percent), Alabama 
(28 percent), and the seven-city survey (26 per
cent). Likewise, the unnecessary brake-repair fre
quencies were similar for Missouri (19 percent) and 
Alabama after the prescription forms (15 percent). 

There was a significant difference in the distri
bution of the unnecessary brake repairs (x 2 = 
22.04, p < 0.001), with Alabama (after the pre
scription form) and Missouri having a significantly 
lower unnecessary brake-repair frequency. These 
lower unnecessary brake-repair frequencies may indi
cate the effect of conducting after-repair inspec
tion at the Alabama and Missouri centers. 

The unnecessary engine-repair frequencies were 
identical (30 percent) for Alabama and the seven
city survey. After the use of the prescription 
forms, the unnecessary engine-repair frequency for 
Alabama was reduced to 16 percent. Missouri and 
California had the lowest unnecessary engine-repair 
frequencies (5 and B percent, respectively). 

There was a significant difference in the distri
bution of the unnecessary engine-repair frequencies 
(x 2 = 174,19, p < 0.001). The frequencies were 

Table 3. Percentage comparison of unnecessary repair frequencies. 

Alabama 
Alabama (after pre-

Repair California Missouri (overall) scription) Survey 

Brakes 28 19 28 18 26 
Emissions 8 5 30 16 30 
Alignment 6 4 8 4 o• 
Suspension 21 11 35 21 19 
Steering 20 0 22 67b 
Total 18 10 25 15 27 

8
Sample of five repairs. bSample of three repairs . 
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Unnecessary Repair Cos ts (%) 
I 0 20 30 40 50 

1m 

I 29% 

I 19% 

I 12% 

I I 0% 

significantly lower for California, Missouri, and 
Alabama (after the prescription form). Again, these 
lower unnecessary engine frequencies may indicate 
the long-term effect of conducting after-repair 
inspections at the Alabama and Missouri cente.rs. 
Note that the unnecessary engine-repair frequency 
for Alabama fell from 30 to 16 percent during the 
third and fourth years, but not to the more long
term reduction as for the Missouri and California 
centers (5 and B percent, respectively). 

The unnecessary engine-repair frequency was also 
low for the California centers, even though no 
after-repair inspections are conducted at the cen
ters. One explanation may be the strong state leg
islation on emissions and, consequently, high public 
awareness and high awareness by the repair industry. 

There was a wide variation in the unnecessary 
suspension-repair frequencies. Alabama (overall) 
had the highest (35 percent). California, Alabama 
(after prescription forms), and the seven-city sur
vey were similar (21, 21, and 19 percent, respec
tively). Missouri had the lowest unnecessary sus
pension-repair frequency (11 percent). 

Unnecessary Repair Costs 

Table 4 contains a comparison of the corresponding 
unnecessary costs by system for each of the four 
sources. The unnecessary repair costs by system 
closely followed the unnecessary repair frequen
cies. The anomaly is the unnecessary repair costs 
from the seven survey cities, where 43 cents of 
every dollar spent on brake repairs was unnecessary, 
68 cents of every dollar spent on engine repairs was 
unnecessary, and 4 B cents of every dollar spent on 
suspension repairs was unnecessary. These survey 
percentages for each system are the highest for all 
four sites. A possible explanation of these high 
costs could be that the induced malfunctions caused 
higher unnecessary repair costs. 

CONCLUSIONS 

The following conclusions are made based on the 
results of this study: 

1. users of diagnostic centers may experience a 
lower unnecessary repair frequency--on the order of 
10-18 percent. But the higher 25 percent value was 
also experienced by users of the Alabama center. 
The final frequency is likely to be to some degree a 
function of comprehensiveness of the diagnostic 
inspection. The lower frequencies may be unique to 
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Table 4, Percentage comparison of unnecessary repair oosts. 

Alabama 
Alabama (after pre-

Repair California Missouri (overall) scription) Survey 

Brakes 18 18 28 20 43 
Emissions 7 6 35 20 62 
Alignment 6 4 8 4 o• 
Suspension 21 15 37 24 48 
Steering 2 0 23 72b 
Total 12 10 29 19 53 

8Sample of five repairs, bSample of three repairs . 

the users of the centers, but may not have 
on entire cities (9). 

an effect 

2, Diagnostic centers probably have an 
reducing unnecessary automobile repairs. 
feet probably increases with the length of 
of the facility, until some fairly stable 
achieved. 

effect on 
This ef-
operation 
level is 

3. The industry's knowledge of the after-repair 
inspection may have an effect on the quality of 
repairs. 

4. A learning effect probably exists while the 
repair industry becomes aware of diagnostic cen
ters. The low unnecessary repair frequency for the 
Missouri center, which has been in operation for 
many years, by itself does not make that conclusion 
evident. 

5. Unnecessary repair frequencies may be reduced 
by providing the motorist with understandable repair 
information for communicating with the repair in
dustry. 
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Electric Vehicle Technology Update 

ANDREW CHASE 

Electric vehicles (EVs) may offer some advantages over gasoline and alter
nately fueled vehicles in terms of operating cost and as a hedge against future 
fuel shortages. However, existing EV technologies need to be advanced so 
that EVs will be as easy to operate and maintain as gasoline vehicles. An 
overview of some areas in which technology improvement is needed and is 
now being addressed by participants in the Electric Vehicle Demonstration 
Project of the U.S. Department of Energy is provided. These areas include 
state-of-charge monitoring, charging, battery capacity testing, electrolyte man
agement, and battery connectors. 

Given past experience with gasoline shortages and 
rising operating costs due to increased gasoline 
prices, vehicle owners, particularly fleet opera
tors, have been looking into the potential of alter
nately fueled vehicles as a hedge against similar 
conditions in the future. Among the alternate-fuel 
options that have been tested are the following: 
diesel, propane, methane, methanol, and electricity. 
Of these, electricity may offer the most flexibility 
in that it is widely available, easily tapped, and 
not as susceptible to shortages as the others. 

Electricity may also perform well in terms of oper
ating cost since it can be generated from a variety 
of fuels, and it should therefore not increase in 
price as rapidly as any one particular fuel. 

Although ownership of an electric vehicle (EV) 
thus offers potential advantages, some obstacles 
need to be addressed. The transition from gasoline 
vehicles to EVs may not be as easy as the transition 
from gasoline to other fuels. Because electricity 
cannot be used in an internal-combustion engine, a 
significantly different propulsion system is re
quired. Therefore, in a typical conversion of a 
gasoline vehicle to an EV, the propulsion system of 
the gasoline vehicle is removed and EV systems are 
added, which results in a purchase price about 
double that of the gasoline vehicle. As manufac
turers gain production experience and demand allows 
large-scale production of EVs, this price gap can be 
expected to lessen. 

In addition to its higher price, the operating 
and maintenance requirements of EVs differ more 
widely from gasoline vehicles than do those of other 



Transportation Research Record 844 

alternately fueled vehicles. For example, there are 
few differences between a gasoline vehicle and one 
converted to run on propane, vis-a-vis the differ
ences between gasoline and electric vehicles, which 
makes a mechanic's transition to servicing EVs more 
difficult. 

Such obstacles to EV ownership are being identi
fied by 42 private companies, federal agencies, and 
state and local governments that comprise the Elec
tric Vehicle Demonstration Project of the u.s. 
Department of Energy. Demonstration participants 
have operated about 500 EVs more than 900 000 miles 
during the past three years. Several of the par
ticipants have formed a task force to study problem 
areas and to introduce technological improvements 
for EVs, which will make them easier to own and 
operate in the gasoline-vehicle environment in which 
we live. This paper provides an update on some 
areas in which technological improvement is needed 
and is being addressed by the task force. 

First, however, a brief description of EVs may be 
useful. EVs do not have a fuel tank--they use a 
pack of batteries to store electrical energy aboard 
the vehicle. Between 16-20 battery modules are 
arranged in series to provide a 96- to 120-V pack. 
EVs have no carburetor through which acceleration 
and velocity can be controlled; instead, a con
troller is relied on to regulate the draw of elec
tricity from the battery pack in response to the 
driver's use of the accelerator pedal. As mentioned 
earlier, EVs do not have an internal-combustion 
engine but rather a highly efficient electric motor 
that converts the electrical energy to mechanical 
energy. The motor, used as a generator, can even 
convert movement of the vehicle back to electrical 
energy through regenerative braking. The electric 
motor does not require a cooling system or an igni
tion system. Finally, electric vehicles are not 
"fueled" with electricity by anything that resembles 
a gasoline pump. Instead, a charger, in circuit 
between an electrical outlet and the battery pack, 
"pumps" electricity into the batteries at a program
med rate. 

In comparing an EV with a gasoline vehicle, we 
are comparing a product in its infancy with a mature 
one. The gasoline vehicle has benefited from almost 
a century of research, development, testing, user 
feedback, and refinement. EVs, however, must rely 
at the moment on a compilation of off-the-shelf 
technologies, originally designed for other applica
tions. The result is that EVs are not yet as owner 
foolproof as gasoline vehicles. 

An example of this can be seen by contrasting the 
fuel gauge of a gasoline vehicle with the equivalent 
in an EV. The gasoline fuel gauge is a simple 
device that provides relatively accurate information 
on the amount of gasoline remaining in the fuel 
tank. Since EVs have a shorter range (35-60 miles) 
and charging takes some time (about 8 h for a full 
charge), an accurate fuel or battery state-of-charge 
gauge is critical. Fully depleting the charge in an 
EV is not only inconvenient but can greatly reduce 
battery life. State-of-charge monitoring in cur
rently produced EVs has proved to be inaccurate or 
misleading. The state-of-charge meter reading 
(based on measurement of the voltage across the 
battery pack) when the vehicle is stationary will 
differ fr om that when it is being driven and can 
also vary at different driving speeds. Further, 
even if the meter correctly indicates the state of 
the overall battery pack, it does not indicate the 
condition of individual battery modules , It is 
possible for some modules to be very weak while the 
overall state of charge of the pack appears ade
quate. In this case, the modules low on charge will 
impair the performance of the EV and are likely to 
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suffer permanent damage if they become completely 
discharged. 

Accurate monitoring of battery module charge is 
one of the key areas being addressed by the EV task 
force. The task force is considering the use of a 
microprocessor that uses individual battery module 
voltages and current measurements to determine state 
of charge. The next step would be to allow depleted 
battery modules to be removed from the circuit while 
driving, to protect them and the performance of the 
vehicle. 

The differences that often exist in state of 
charge among battery modules in a pack has led the 
EV task force to take several other initiatives. 
First, a battery module can be ruined not only by 
overdischarging but also by overcharging. When an 
EV is plugged in to charge, the charger provides all 
battery modules with the same number of ampere 
hours, regardless of each module's state of charge. 
As a result, some battery modules are overcharged 
while others are insufficiently charged. This not 
only shortens battery life but also wastes electric 
power. A possible solution, which is being investi
gated by the EV task force, is "smart" chargers. In 
concept, these chargers, along with appropriate 
wiring of the battery modules, will be capable of 
metering the correct current to each module, thus 
equalizing the level of charge among them. 

Another initiative to address the problem of 
battery modules with dissimilar characteristics in a 
pack is currently being implemented by several 
demonstration project participants. This effort 
involves the use of diagnostics to weed bad battery 
modules out of the battery pack. After such modules 
have been replaced, all the modules are brought up 
to full and equal charge. They should then all 
charge and discharge to the same level, thus greatly 
reducing the risk to battery life and also improving 
performance. The diagnostic tool being used to 
identify weak battery modules is a load bank. The 
testing method involves fully charging each battery 
module and discharging the pack into the load bank 
at a constant rate. The voltage of each module is 
monitored. By comparing the time it takes each 
module to reach a certain voltage to the battery 
manufacturer's specifications, the capacity of each 
module can be determined. 

Another area of interest to the EV task force is 
battery electrolyte management. To constrast this 
area to gasoline vehicles, consider the single 
battery used to start a gasoline vehicle. Typi
cally, this battery requires little attention--oc
casional checking of the electrolyte level in six 
cells is generally all that is done. EV batteries 
are different. They are deeply discharged, over
charged, and lose a lot of water by evaporation in 
the process. Regular inspection and replenishment 
of water is required, and inspecting and adding 
water to a 120-V battery pack that has 60 battery 
cell caps is a time-consuming task that needs fre
quent repetition. Filling batteries cannot be put 
off because their life depends on it. Cell caps 
with glass inserts are made by one manufacturer to 
simplify electrolyte inspection. The task force is 
looking to reduce the time required to add water; 
one possible solution may be to advance the state of 
the art of single-point watering systems. Such 
systems allow all battery cells to be filled by 
adding water to a single reservoir--somewhat like 
filling one corner of an ice cube tray and letting 
the water spill over to the other compartments. 

In addition to electrolyte management, battery 
connectors constitute an important maintenance 
concern to EV owners. Although dirt and deposits on 
the battery of a gasoline vehicle may occasionally 
interfere with the starting circuit or loose cable 
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clamps may result in an open circuit, these are 
relatively infrequent and minor problems. In an EV, 
however, they are serious. Dirty or loose connec
tions on any of the 40 battery posts can sign if i
cantly degrade performance, cause improper charging, 
and sometimes genel'.ate enough heat (because of the 
high resistance) to melt the battery posts. Cur
rently, most connectors used in EVs are similar to 
those us ed f or gasoline- vehicle starting batteries. 
They were not designed to carry high currents with a 
minimum voltage drop for long periods. Tightening 
and cleaning connections has been a regular and 
time-consuming maintenance item on EVs in the demon
stration project. The EV task force efforts in this 
regard are directed toward testing new connectors 
and developing other alternatives. One recently 
manufactured type of connector is spring loaded to 
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maintain a tight connection and has a plastic cap to 
keep the connection clean. 

An EV that is as owner foolproof as, and competi
tive with, a gasoline vehicle will depend on an 
overall systems approach rather than modification of 
off-the-shelf components. Such an EV will probably 
be produced by the same companies that now produce 
gasoline vehicles. The efforts of the EV task force 
are important to the near-term improvement of EVB 
and very possibly may contribute to the ultimate 
system design. The incentives for task force mem
bers to contribute are great since all members 
foresee an important role for EVs in their own 
vehicle fleets. 

Publication of this paper sponsored by Committee on Highway Vehicle Re
search. 

Analysis of the Effectiveness of Bumper Standard 

FMVSS 215 

PAUL ABRAMSON, HOWARD STEIN, JAY W. COHEN, AND JOHN V. WERNER 

Tho primary objectivo of this paper is to evaluate tho effectiveness of crash
protucllng automoblle bumpers as required by Federal Motor Vohiclo Safety 
Standard 215- Exterior Protection. Passenger Cars. This study focused on 
three distinct versions of the standard: (al the initial 1973 regulations that 
required compliance with a barrier test. (b) regulatlons after 1974 that required 
both a pendulum and an u1)graded barrier test, and {c) regulations after 1978 
that llmltod total vehicular damage as a result of the pendulum and bnrler 
tests. Following the recommendations of sovoral previous studios, Insurance 
claims were used as the dote baro. A comprehensive dat11 ba.so provided by 
the State Farm Insurance Company was categorized by vehicle model years 
that represent four time porlod,- 1972, 1973, 1974-1978, and 1979- and 
Into vehicle-size classes, impact points, vehicle age, and repaired and mpleccd 
damaged bumper categories. By using reported claims and average co1t of 
these claims as measures of effectlvenes,, It was shown that the model years 
with more protective bumper systems experienced significantly lowor pro· 
portions of bumper-related clnini, relativo to all proporty-damage claim•. 
However, in general, those model yoars also had higher average repair costs. 
Tho reduced percentages of bumper-related claims were primarily attributable 
to decreased claims that Involve bumpors being replaced rather than claims 
that involve bumper repair only. 

In 1971, the National Highway Traffic Safety Admin
istration (NHTSA) issued Federal Motor Vehicle 
Safety Standard (FMVSS) 215--Exterior Protection, 
Passenger Cars. The general purpose of this stan
dard was to prevent low-speed accidents from impair
ing safe operation of the vehicle and to reduce the 
frequency of override and underride impacts in 
higher-speed collisions (i.e., col l i sions of two 
vehicles where the initial contacts slide over or 
below the bumper). It was also hoped that, as a 
consequence of FMVSS 215, the cost of repairs to 
vehicles involved in low-speed collisions would be 
reduced. Hence, an economic advantage to the con
sumer would be realized. 

13umper-performance tests used t o determi ne t hat 
safety-related items (lights, fuel system, cooling 
system , etc . ) are no t rendered inopera ble include 
pendulum and barrier-impact t e sts of t he bumper 
system . The baxrier tests consist of front a nd rear 
i mpacts agai nst a flat rigid baxrie r at s pec ified 
speeds . The pendulum-impact test consists of st r ik-

ing the bumper at specified heights and angles with 
a pendulum hammer. This test is designed to promote 
consistent bumper heights so as to reduce the like-
1 ihood of underride or override of bumpers in car
te-car collisions. 

The per f orma·nce testing for compliance wi t h t he 
safety-related requirements o f FMVSS 215 has gone 
through various stages of de ve.lopment (see Table l 
(l l]. The i nitia l s tandard model year (1973) wa s 
s ubj ect to barrier-impact testing only (5-mph front 
a nd 2 .5-mph rear impac ts ). Beginning with the 
following model year (1974), the rear-barrier test 
was upgraded to 5 mph and the pendulum-impact test 
(long i tud i nal and corner impacts) was introduced. 

The pendulum-impact test wa s amended sta rting with 
the 1976 model year , which decre ased the number of 
longitudinal pendulum impacts. 

Title I of the Motor Vehicle Information and Cost 
Sa vi ngs Act (P.L. 92- 513, 1972) instructed NflTSA to 
develop pro pe r t y-damage bumper s t andards tha t would 
provide t he maximum f easible r educ tion of costs to 
the public a nd to the consumer. The Part 581 stan
dard issued under the authority of t his Act requi red 
that, effective with the 1979 model year, front and 
rear bumpers must be capable of protecting vehicles 
from damage in barrier and pendulum longitudinal 
crash tests at 5 mph and pendulum corner impacts at 
3 mph. In add ition, damage cr i teria were upg raded 
to permit damage o nly to the bumpe r i tself and the 
brackets, fasteners, etc., that attach the bumpers 
to the chassis framework and not to any other vehi
cle components or sur f ac.e s. Fot 1 980 .and future 
models, the standard a l s o limited b umper face-bar 
damage. 

In general, the objective of this study addresses 
the basic question, Has the imposition of a bumper 
standard resulted 
to the motorist? 
this q uestion by 
ance c l aims and 
been changed by 
major portion of 

in reduced damage and overall cost 
The analysis attempts to answer 

determining whether or not insur
t hei r estimated repair costs have 
the imposition of FMVSS 215. The 
the analysis is aimed at determin-
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Table 1. Basic requirements of FMVSS 215 by model year. 

Model 
Year 

1973 

19748 

1975 

1976 

1977, 
1978 

Test Requirement 

Barrier 

5-mph front 
2.5-mph rear 
5-mph front 
5-mph rear 

5-mph front 
5-mph rear 

5-m ph front 
5-mph rear 

5-mph front 
5-mph rear 

Pendulum 

None 
None 
5-mph front 
5-mph rear 
3-mph comer at 20-in front 
3-mph corner at 20-in rear 
5-mph front 
5-mph rear 
3-mph corner at 20-in front 
3-mph comer at 20-in rear 
5-mph front 
5-mph rear 
3-mph comer front at 20 and 16 inc 
3-mph comer rear at 20 and 16 inc 
5-mph front 
5-mph rear 
3-mph corner front at 20 and 16 in 
3-mph corner rear at 20 and 16 in 

Impact 

6 
6 
I 
I 
6b 
6b 
l 
l 
2 
2 
2 
2 
2 
2 
2 
2 

aPendulum test requirements did not apply to cars with wheelbases of 11 Sin or 
less that have either convertible tops or no roof supports between the A-pillar and 
Cite roof-supporl stn.1tllnc or no rcnr dc~iKn11ted .su_11Un1 posh ion,. 

bReduc.ud to l impncts ror cau manufoct',lrcd d tc.r M:t)' J '2, 1975 . 
CCdmcr lmpac:H .at 16 In did no l apply 10 Cllti whh wh~a lbascJ grc•ter than 120 in. 

ing whether statistically significant variations in 
claim frequency percentages and average repair costs 
have occurred for vehicle model years of the post
standard periods. Comparisons are made after the 
data are stratified into appropriate categories. 
Additional analyses also include an estimate of the 
relative contribution of repaired versus replaced 
bumper claims to the total of all bumper claims. 

METHODOLOGY 

A basic measure of bumper effectiveness should be 
the changes in vehicle damage incurred in low-speed 
collisions. However, direct real-world observation 
cannot be made of low-speed, low-damage crashes. An 
added problem exists because there is no single data 
source that contains information on all crashes 
(i.e., reported and unreported crashes). It has 
been recommended that insurance claims be used as a 
measure for reported vehicle involvement and damage 
(.~,}). These claims should include collision cover
age involvement as well as property-damage coverage 
involvement claims. 

Collision coverage provides insurance for damage 
to a policyholder's automobile. Under collision 
coverage, a deductible is applied, which means that 
the policyholder pays for some of the damage. (Typi
cal deductible amounts are $100 and $150.) Liability 
coverage provides insurance for damage to other 
property, including other automobiles, caused by the 
policyholder. These coverages do not have deducti
bles. 

Claims under these two coverages, both of which 
involve damage to the automobile, produce different 
patterns of damage due to the nature of the cover
ages. As an illustration, consider a typical two
car low-speed crash in which one car is struck in 
the rear by the other. The damage to the car struck 
in the rear will typically be paid for by the prop
erty-damage liability coverage of the striking car. 
The striking car's damage, if it exceeds the deduc
tible, will be paid for by the collision coverage. 
Because of these sorts of differences, collision 
coverage claims more often involve front-end damage 
than property-damage liability claims, which more 
often involve rear-end damage. 

The principal data source for this study is the 
computerized data base maintained by the State Farm 
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Insurance Company, which includes files on both 
collision and property-damage (liability) coverage 
claims. The following sections describe the nature 
of the State Farm data base, the stratification 
applied to the data base, and the measures of effec
tiveness tested. · Note that other stratifications 
(and analyses) are not presented here but are de
tailed elsewhere ( 4, 5) • These include coverage 
involvement (collisi;;-n-and liability), object struck 
(fixed object and other vehicles), and bumper design. 

Data Base 

The data base maintained by State Farm Insurance 
contains a sample of claim information obtained from 
their claim service centers. The data used in this 
study consist of tabulations of these data, subject 
to various factors. The factors and subsequent 
comparisons of the data were therefore restricted by 
the data-base content. The number of claim records 
for the individual model years was at least 10 000 
claims. No totaled-vehicle claims were included in 
this study. 

S t ratif.ication of Data Base ( Independent Variables) 

Stratification of State Farm's claim data base was 
dictated, in large part, by its own format and 
content. These stratifications constitute indepen
dent study variables in the study. Listed below are 
the study variables and their respective categories. 

Model-Year Comparison 

The model-year categories that generally describe 
changes and refinements of the bumper standard are 
grouped in the following manner: 

1. Pre-1973 model year--These vehicles are not 
required to meet any performance standards; 

2. 1973 model year--These vehicles were subject 
to the initial version of FMVSS 215; 

3. 1974-1978 model years--For these years, most 
vehicles had to meet both barrier- and pendulum-test 
requirements (note that various versions of the 
performance requirements applied for certain model 
years); and 

4. 1979 model year--Limited-damage criterion 
applicable for barrier and pendulum tests. 

Age of Car 

Both one-year-old and three-year-old vehicles were 
analyzed. These ages were selected since appropr i
a te data were available for both the prestandard and 
poststandard vehicle models. 

Impact Points 

A bumper-related claim was defined as a claim in 
which damage occurred to the face bar and the direc
tion of impact was one of four different cate
gories: front, front corner, rear, or rear corner. 
Additional data were tabulated for other cate
gories: side impacts, other impact points (includes 
front and rear impacts for which the face bar did 
not require repairs) , and all claims regardless of 
impact point. 

Vehicle-Size Class 

Size class designations are those as defined by the 
Highway Loss Data Institute (HLDI). The four levels 
of stratification are as follows: 
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Vehicle 
Size 
Subcompact 
Compact 
Intermediate 
Full sized 

Bumper Damage 

Wheelbase (WB) 
Length (in) 
WB .; 101 
101 < WB .; 111 
111 < WB .; 120 
WB > 120 

Two levels of bumper damage were tabulated: bumper 
repaired and bumper replaced. Bumper damage was 
defined as damage to the face bar of the bumper. If 
a vehicle had any part of the bumper assembly re
placed or parts both repaired and replaced, then the 
claim was categorized as a replaced claim. Since 
vehicle speed is not directly obtainable from the 
data base, bumper damage was an attempt to define a 
surrogate measure of relative impact speed of 
crashes that resulted in claims. Claims that showed 
that the bumper had only been repaired indicate a 
relatively lower-impact speed than claims where the 
bumper was replaced. Although bumper damage itself 
is not a criterion of FMVSS 215, the effectiveness 
of the standard will be judged, in part, by any 
change in bumper-repair costs. Hence, the damage 
resistance of the bumper system itself becomes an 
important factor. 

Measures of Effectiveness 

Although the primary purpose of FMVSS 215 is to 
prevent low-speed collisions from impairing the safe 
operation of vehicle systems, standardized and 
strengthened bumpers should effect crash damage in 
general. Thus, vehicles that meet the bumper re
quirements should experience proportionally fewer 
incidents that require insurance claims. In addi
tion, the total cost of repairs as a result of all 
crashes (including unr eported) should be reduced. 

Hence, the measures of effectiveness are (a) 
proportion of bumper-related reported claims and (b) 
costs of these reported claims. The analysis of 
reported claims will determine if the proportions of 
claims by vehicles in the different comparison 
periods have changed significantly for various 
stratifications. The costs of reported damage 
claims will determine if average repair costs for 
vehicles of the different comparison periods have 
changed due (in part) to the effect of FMVSS 215. 

CLAIM ANALYSIS 

By using claims as a mea sure of effectiveness, th i s 
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analysis aims to determine whether or not the bumper 
standards have significantly altered the proportion 
of bumper-related claims. Hypothesis tests on the 
difference between claim proportions are applied to 
indicate the effectiveness of the standards. 

Analysis of Bumpe r -Related Cl aim Trends 

The percentage of total insurance claims that are 
bumper related for the individual model years during 
their first year of exposure is presented in Figure 
l. For ease of presentation, the vehicle-size class 
stratification has been collapsed to form the econ
omy (subcompact and compact) and standard (inter
mediate and full-sized) categories. Important 
observations from this trend graph include the 
following: 

1. The prestandard (1972) model-year's propor
tion of bumper-related claims is greater than any 
poststandard (1973 or later) model year. 

2. The initial standard (1973) model-year's 
proportion of bumper-related claims is greater than 
any subsequent model year. The initial version of 
the standard required only a barrier-impact test 
(5-mph front and 2.5-mph rear-impact speeds). For 
the following model years, the performance criteria 
were upgraded to include a pendulum test and a 5-mph 
impact speed for the rear bumper during the barrier 
test (see Table l). 

3 . Economy and standard vehicles maintain the 
same trend characteristics between individual model 
years. The proportion of bumper-related claims for 
standard vehicles has been less than that of economy 
vehicles for each model year except 1979. 

In general, the bumper-related claim trend of 
one-year-old vehicles can be described as decreasing 
with each model year from the prestandard (1972) 
model year until the poststandard (1975) model 
year. The following years (1976-1978) experienced 
increases with each model year and then declined for 
the 1979 model year. 

These trends clearly indicate that the imposition 
of the bumper standard has influenced the claim 
experience of these model years. However, these 
trends are also influenced by other factors, such as 
the distribution of claims by coverage type (i.e., 
collision or liability), the influx of imported 
vehicles and an overall shift to a fleet of smaller 
vehicles, changes in vehicle design (particularly 
the use of elastomeric materials and one-piece 
multifunctional fabrication of bumpers and their 
related vehicle features), and other changes in the 

Figure 1. Claim distribution-bumper-related 
claims. 
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driving environment in general. 
The following analysis compares in detail the 

claim trends subjected to vehicle-size class and 
impact-point stratification. The 1974-1978 model 
years are grouped for this detailed analysis as they 
were all subject to some version of the barrierand 
pendulum-impact tests (see Table 1) with the same 
performance criteria. 

Analys i s o f Claim Distributions 

Table 2 presents the percentage of claims that are 
bumper related and the principal point of impact of 
these claims for the vehicles that comply with the 
different versions of FMVSS 215. The claim percent
ages are tabulated for the front-center, front
corner, rear-center, rear-corner, and side (not 
bumper-related) impacts. The total bumper category 
is the sum of the four front- and rear-impact points 
and constitutes the total proportion of claims that 
are bumper related. The hypothesis test for differ
ences in proportions (percentages) relative to the 
prestandard (1972) model year has been applied, and 
statistically significant differences are indicated 
in the table. 

(A possible bias is introduced because the sum of 
the percentages of the size class impact-point 
distribution must equal 100 percent. A bumper 
design change may result in an expected reduction in 
the percentage of front of rear damage claims and 
therefore increase the percentage of side involve
ment. No adjustment is appl i ed at this time becaus e 
it would tend to enhance any claim frequency reduc
tion that may exist in the data.) 

One-Year-Old Vehicles 

Comparisons of claim distributions for the different 
model- year groupings for one-year-old vehicles are 
presented in Table 2. This table compares the 1973, 
1974-1978, and 1979 model years with the prestandard 
(1972) model year. Comparing the claim percentages 
for the prestandard (1972) model year with the 
poststandard (1973) model year during their first 
year of exposure showed that the proportion of 
front-impact claims was significantly reduced for 
the poststandard vehicles for all market classes. 
The 1973 version of the standard introduced bar
rier-impact performance criteria for the front and 
rear bumper. However, the criterion for the front 
bumper was 5 mph while for the rear bumper it was at 

Table 2. Claim distribution for one-year-old vehicles by 
model year. 

Vehicle-Size 
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2.5 mph. The 1973 model-year results for the other 
impact points (front corner, rear, and rear corner) 
were not consistent for all market classes, as 
explained below. 

1. Subcompacts and compacts experienced an in
crease in both rear and rear-corner impact claims, 
where most of these increases are statistically 
significant. There were significant reductions for 
the front-corner impact point. 

2. Intermediate vehicles indicated reductions for 
front-corner and rear impacts and an increase for 
rear-corner impacts, none of which were significant, 
although the total bumper-related claim percentage 
has been significantly reduced for the 1973 model 
year. 

3. Full-sized vehicles exhibited a significant 
reduction for the rear-impact point claims and a 
significant increase for rear-corner claims for the 
1973 model year. However, the total percentage of 
bumper-related claims has been significantly reduced 
for the 1973 model year. 

Thus, for all bumper-related claims, the total claim 
percentages were reduced to a greater extent as 
vehicle size increased for the 1973 model year. 

The upgraded versions if the standard that ap
plied to the 1974-1978 model years introduced the 
pendulum-impact test and increased the performance 
requirement of the barrier test of the rear bumper 
to 5 mph. Table 2 also compares prestandard (1972) 
to poststandard (1974-1978) model years a nd showed 
significantly lower claim percentages in all front, 
front-corner, and rear-center claims for all size 
classes. In addition, all size classes showed 
significantly lower percentages for the total of all 
bumper-damage claims. In comparing the model years 
that represent two versions of the standard--the 
1973 with the upgraded 1974-1978 version--vehicles 
of the later model years (1974-1978) indicated 
significant reductions in claim percentages pri
marily for the front-corner, rear-corner, and rear
center impact points. The front impact point ex
perienced both increased and decreased percentages, 
although only the decrease for intermediate vehicles 
was significant. (Note, although not shown in Table 
2, significance tests at the 5 percent level were 
conducted comparing the sets of poststandard model
year data.) Since the 1974-1978 version of the 
standard introduced the pendulum test and an im
proved rear bumper, these results are consistent 

Distribution of Claims by Impact Point (percentage of all claims) 

Bumper Related (bumper repaired or replaced) 

Front Rear All 
Class Model Year Front Corner Rear Comer Total Side Claims• 

Subcompact 1972 16 21 14 9 60 28 JOO 
1973 12b 19b 15 13b 59 '28 100 
1974-1978 II b 17b gb 8 45b 36b 100 
1979 12b 14b gb 7 41b 35b 100 

Compact 1972 13 21 13 8 56 32 100 
1973 9b 19b 15b 10b 55 34 100 
1974-1978 10h 16b 7b 9 42b 39b 100 
1979 lib 12b 7h 7 37b 37b 100 

Intermediate 1972 13 20 11 9 53 36 100 
1973 10b 18 II 10 49b 38 100 
1974-1978 gb 14b gb 9b 39b 42b 100 
1979 11 lib 10 11 42b 39 100 

Full sized 1972 12 19 13 9 53 35 100 
1973 7b 17 10b 13b 46b 39b 100 
1974-1978 7b 14b 7b 10 33b 44b 100 
1979 8 16 9 12 45b 40 100 

a All clalm1 lochidt.: all bumpcr•relnted claims, sidc.-l m1,3e t claims, and other impact-type claims. 
bNull hy11othesis ttFequal 1no 11o rt fon relative to lh~ protandard (1972) model-year data rejected at 5 percent sig

fii:rmt(l l~vol. 
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with the intent of the standard. In addition, all 
vehicle classes experienced significant reductions 
for the total percentage of bumper-related claims 
from the 1973 to 1974-1970 model-year data. 

Beginning with the 1979 model year, the perfor
mance criteria of the barrierand pendulum-impact 
tests were amended to limit damage of all vehicle 
surfaces, including the bumper itself, The previous 
versions of the standard only afforded protection to 
vehicle safety features, The claim data for the 
1979 model year are included in Table 2 and indi
cated significantly lower claim percentages for the 
total of all bumper claims for all size classes 
relative to prestandard vehicles. In reviewing the 
bumper-related trend (Figure 1), the 1979 model year 
is significant in that it reverses a pattern of 
increases in the percentage of bumper-related claims 
between the 1975 and 1978 model years. A detailed 
comparison for the 1979 model year with the 1978 
model year is presented in Table 3. This comparison 
indicates significant decreases in the proportion of 
claims that are bumper related for subcompact and 
compact vehicles between the two model years. These 
decreases are concentrated in the front-corner and 
rear-corner impact points. Comparisons of the 
intermediate and full-sized vehicle classes indicate 
no significant pattern of differences between the 
two model-year's claim experiences. 

Three-Year-Old Vehicles 

The detailed results for three-year-old vehicles can 
be found elsewhere (l) • In general, the data ex
hibit similar trends as the one-year-old vehicle 
damage-claims comparisons: front-impact claim 
percentages were reduced in the 1973 version and 
rear-impact claim percentages were reduced in the 
upgraded 1974 version. However, fewer reductions 
were statistically significant. Yet, some statis
tically significant reductions remained evident 
relative to the prestandard model year (1969), 
These reductions included percentages of most front
impact claims of the 1973 model year, rear-impact 
claims of the 1974 model year (except subcompact), 
and the total claim proportion for all size ~lasses 
for both the 1973 and 1974 model years. In compar
ing the claim percentages of the 1973 model year 
with that of 1974, few differences were statisti
cally significant except for rear-impact claims for 
subcompact and compact vehicles and the total claim 
proportion of subcompact vehicles. 

The results of the three-year-old vehicles may be 
influenced by the fact that the 1974 model year was 
the only available data to represent the upgraded 
versions of the standard. However, it appears that 
even after three years of exposure, the imposition 
of a bumper standard has influenced claim experience, 
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Repaired and Replaced Bumper Claims 

In this analysis, the relative contribution of 
repaired and replaced bumper claims to the combined 
bumper-claim distributions were examined for the 
different model years. It might be hypothesized 
that these stratifications represent surrogate 
measures of the impact speeds. Claims that involve 
bumpers repaired are considered lower-speed impacts 
relative to claims that involved bumper replacement. 

Table 4 indicates the percentage of claims that 
involve bumpers repaired versus bumpers replaced for 
all vehicle-size classes. It is clear that the 
overwhelming percentage of bumper claims for all 
size classes resulted from replaced rather than 
repaired bumper claims. 

In comparing prestandard (1972) with poststandard 
(1973) model years for one-year-old vehicles, the 
percentage of repaired bumper claims generally 
increased while the percentage of replaced bumpers 
decreased significantly, The latter of these trends 
becomes more pronounced when comparing the latter 
poststandard (1974-1970 and 1979) vehicle claims 
with the prestandard (1972) data. Between the 
poststandard vehicles, replaced claim percentages 
significantly decreased. 

For three-year-old vehicles (!) , replaced bumper 
claims decrease for the improved bumpers on vehicles 
in almost all cases. Repaired bumper claims show an 
increase for some market classes between the pre
standard (1969) and poststandard (1973) model years. 
In general, there is a shift from replaced bumper 
claims to repaired bumpers. This shift, however, 
cannot account for the total change in the two 
damage categories, since there is a larger reduction 
in replaced bumpers than there is an increase in 
repaired bumpers, Some of the shift may, therefore, 
be accounted for by an increase in accidents that 
sustain no damage or, at least, do not require that 
the bumper be repaired or replaced, The shift 
appears to be more pronounced in the poststandard 
model-year comparisons. Thus, the major effect of 
the reduced frequencies is due to a decrease in 
replaced bumper claims. 

COST ANALYSIS 

The cost analysis examined the average claim costs 
of the model years that represent the different 
versions of the standard. All costs were adjusted 
to the base economic year (1972) by using a discount 
rate of 10 percent/year (_~). The statistical test 
applied was the t-test of significance between 
means. The experimental hypothesis is that there is 
no difference between the average repair costs being 
compared, However, an increase in average repair 
cost for reported crashes (as measured by this 
study) may in fact be expected, If a bumper stan-

Table 3. Claim comparison of one-year-
Distribution of Claims by Impact Point (percentage of all claims) old vehicles for 1978 and 1979 model 

years. 
Bumper Related (bumper repaired or replaced) 

Vehicle-Size Front Rear 
Class Model Year Front Corner Rear Corner Total 

Subcompact 1978 II 19 9 8 47 
1979 12 14b 8 7 41b 

Compact 1978 IO 15 8 9 42 
1979 II 12 7 7b 37b 

Intermediate 1978 9 16 9 10 45 
1979 II 11 b 10 II 43 

Full sized 1978 9 16 9 IO 43 
1979 8 16 9 II 45 

a All claims include all bums,or-ri:: I lod claims, side impact clDims, and other impact·type claims. 
bNull hypothesis of equa l SlrtlPOrHon rejected at S percent i;l~n lOcance level. 

All 
Side Claims" 

33 100 
36 100 
37 100 
37 100 
39 100 
39 100 
45 100 
40 100 
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Table 4. Comparison of repaired and re-
Claim Proportion (percentage of placed bumper claims for one-year-old all claims) Avg Repair Cost (1972 $) 

vehicles. 
Total Total 

Vehicle-Size Bumper Bumper 
Class Model Year Repaired Replaced Related Repaired Replaced Related 

Subcompact 1972 3.5 56.8 60.3 172 331 322 
1973 6.o• 52.5' 58.5 230b 341 331 
1974-1978 5.78 39.08 44.68 218 423b 398b 
1979 6.8 8 34.48 41.28 188 410 379 

Compact 1972 5.3 50.5 55.8 196 383 365 
1973 6.0 47.48 53.4 230 345b 333b 
1974-1978 5.6 36.6. 42.28 227 425b 400b 
1979 4.8 32.48 37.2 8 220 507b 470b 

Intermediate 1972 5.6 47.3 52.8 150 371 348 
1973 6.2 42.68 48.9. 219b 395 372 
1974-1978 4.o• 35 .o• 39_0• 224b 412b 394b 
1979 4.5 38.08 42.5 8 183 395 373 

Full sized 1972 4.8 48.1 52.9 163 376 357 
1973 5.3 40.93 46.28 193 400b 376 
1974-1978 4.2 3 34.08 38.1 8 218 414b 393b 
1979 6.23 39.la 45.3 8 230 424 402 

8Null hypothesis or equal proportion relative to the prestandard (1972) model-year data rejected at 5 percent significance 
level. 

bNull hypothesis of equal average costs to the prestandard (1972) model-year data rejected at 5 percent significance level. 

dard is effective in reducing the percentage of 
insurance-reported incidents, those reported that 
remain may involve, on average, repairs to more 
severe crash damage. 

Claim Cost Trends 

Figure 2 presents the average total repair cost of 
all bumper-related claims for each individual model 
year during their first year of experience. Vehi
cles have been grouped as before into the economy or 
standard categories. Unlike the claim trends, the 
cost trends between the individual model years were 
not similar between economy and standard vehicles. 
The overall trend of higher costs for the later 
model years (after an inflationary adjustment) holds 
true for both vehicle categories. However, if the 
imposition of the bumper standard has influenced 
claim frequency by eliminating low-speed crash-dam
age claims from the distribution, then this result 
is to be expected. The previous analysis has indi
cated that a significant percentage of low-speed 
crashes were missing from the claim distribution. 
These missing claims probably were the result of 
insufficient damage for a claim or no vehicular 
damage being produced from a crash. Hence, the 
elimination of these low-speed, low-cost claims 
would tend to shift the distribution of claim costs 
and the average of the total repair costs higher. 

One-Year-Old Vehicles 

Table 5 shows the comparison of the average cost of 
repairs for one-year-old vehicles relative to the 
prestandard (1972) model year (all costs adjusted 
for 10 percent inflation rate in 1972 dollars). In 
comparing prestandard (1972) with poststandard 
(1973) model years, the costs for the poststandard 
(1973) vehicle claims were, in general, higher for 
all size classes (except compact). Claims for front 
impacts consistently showed significant increases in 
repair cost for the models after the initial imple
mentation of the standard while changes in costs for 
other impact points varied from size class to size 
class. 

Poststandard (1974-1978) model-year repair costs 
showed significantly higher average repair costs for 
most front-impact points relative to prestandard 
costs. Moreover, the average cost of total bumper
related claims was significantly higher for all 

market classes. Assessment of the incremental cost 
increases between the two versions of the standard 
was also statistically compared and indicated that 
subcompact and compact vehicles exhibited signif i
cant increases in total bumper-related claim costs. 
The poststandard (1979) model year average repair 
claim costs are significantly higher than the pre
standard (1972) model year for the front-impact 
claims of subcompacts and compacts and the total 
bumper-related claims of compacts. In a comparison 
with the previous (1978) model year's experience 
(shown in Table 6), the only size class with consis
tently higher average claim costs was compact vehi
cles (all costs adjusted for 10 percent inflation 
rate in 1972 dollars). Intermediate and full-sized 
vehicles experienced lower average claim costs for 
most impact points relative to the 1978 model year. 
However, neither of these trends proved statisti
cally significant. 

Three-Year-Old Vehicles 

Poststandard (1973) average repair costs compared 
with prestandard (1969) costs showed decreased 
repair costs (j). The decrease was significant only 
for the rear-corner impact and total of all bumper 
claims for full-sized vehicles. For poststandard 
(1974) vehicles, average costs were generally higher 
than the prestandard data, particularly for the 
subcompact or compact classes. However, there was a 
general trend (significant for compact total bumper 
claims) of increased costs for the total of all 
bumper claims from the 1973 to 1974 model year. 

Thus, an initial decrease in average cost with 
the introduction of the standard (1973 model year) 
has been offset somewhat with the upgrading of the 
standard (1974 model year). The resultant effect of 
the two stages of the standard was a general in
crease (not statistically significant) in the aver
age repair costs. 

Repaired and Replaced Bumper Claims 

Table 4 presented the average claim costs for re
paired and replaced bumpers for one-year-old vehi
cles. The average costs are all in terms of a 1972 
economic year, adjusted by using a 10 percent/year 
inflation rate. 

The comparisons show that for one-year-old vehi
cles both replacement and repair costs were higher 
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for the poststandard model years. Between poststan
dard vehicles, repaired bumper costs have remained 
about the same and replacement costs have increased. 

For three-year-old vehicles (.!), some repair 
costs have increased and all replacement costs have 
decreased from the prestandard to the initial post
standard (1973) model year. Between poststandard 
model years, repair costs have remained about the 
same but replacement costs have increased. Thus, 
the pattern of cost variation between poststandard 
model years is mainly attributed to increased costs 
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of bumper-replacement claims. 

FINDINGS AND CONCLUSIONS 

The primary findings and conclusions obtained in 
this study are as follows: 

1. Statistically significant reductions in the 
proportion of bumper-related front-impact claims 
were indicated for the initial poststandard vehicles 
(1973) that were subjected to barrier-test require-

Figure 2. Average repair cost-bumper-related 
claims. 

AVERAGE REPAIR COST CS) 

Table 5. Average repair cost comparison for 
one-year-old vehicles by model year. 

Table 6. Average repair cost comparison of 
one-year-old vehicles for 1978 and 1979 model 
years. 

550 
1972 DOLLARS 

588 

460 

400 

358 

300 

1972 1973 

Vehicle-Size 
Class Model Year 

Subcompact 1972 
1973 
1974-1978 
1979 

Compact 1972 
1973 
1974-1978 
1979 

Intermediate 1972 
1973 
1974-1978 
1979 

Full-sized 1972 
1973 
1974-1978 
1979 

1974 1975 

19,, DI SCOUHT 
RRTE 
ECONOMY 

VEHICLES 

++++ 

STANDARD 
\IEHICLES 

1976 

VEHICLE MODEL YEAR 

/ ..... 

1977 

Bumper Related (bumper repaired or replaced) 

Front Rear 
Front Corner Rear Corner Avg 

375 349 248 277 322 
445 3 344 3003 242 331 
525 3 4133 293 3 295 3983 

5193 359 287 292 379 
405 425 272 292 365 
485 341 3 268 276 3333 

541 3 414 293 306 4008 

625 8 457 325 409 4703 

409 376 293 286 348 
469 402 285 316 372 
5168 411 8 296 3388 3948 

468 382 330 314 373 
416 376 317 286 357 
521• 386 346 308 376 
5298 425 3 333 288 3938 

514 448 307 331 402 

1978 

Side 

232 
228 
227 
250 
240 
254 
235 
248 
247 
245 
221• 
235 
233 
255 
226 
294 

aNull hypothesis or equal proportion relative to the prestandard (1972) model-year data rejected at 
S percent significance level. 

Average Repair Cost by Impact Point•($) 

Bumper Related (bumper repaired or replaced) 

Vehicle-Size Front Rear 
Class Model Year Front Corner Rear Corner Avg Side 

Subcompact 1978 525 409 285 275 389 228 
1979 519 359 287 292 379 250 

Compact 1978 563 423 279 306 405 235 
1979 625 457 325 409 470 248 

Intermediate 1978 592 414 372 345 428 241 
1979 468 382 330 314 373 235 

Full Sized 1978 663 489 393 290 461 250 
1979 514 448 307 331 402 294 

3Null hypothesis of equal proportion relative to the prestandard (1972) model-year data rejected at 
S percent significance level. 

.. 
' • 

1979 
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ments as compared with prestandard vehicles (1972 or 
earlier). 

2. Consistent with the intent of the 1974 (and 
later) version of the standard, which introduced the 
pendulum test (front, rear, and corner impacts) and 
upgraded the rear-barrier test speed to that of the 
front, the 1974-1978 vehicle model years showed 
significant reductions in the proportion of bumper
damage claims, primarily for corner and rear im
pacts, when compared with the poststandard ( 197 3) 
model year. In addition, the proportion of front 
and rear-center bumper-damage claims and the total 
proportion of bumper-damage claims for all vehicle
size classes of the poststandard (1974-1978) model 
years were significantly lower when compared with 
the prestandard (1972) model year. 

3. The 1979 model year, which introduced the 
limited-damage criterion as a result of FMVSS 215 
impact-test requirements, experienced statistically 
significant reductions for the total proportion of 
bumper-damage claims for the subcompact and compact 
vehicle classes when compared with the previous 
years' damage claims. When compared with the pre
standard (1972) model year, all vehicle classes 
experienced significantly lower damage claim per
centages. 

4. Claims for poststandard model years showed 
higher average repair costs when compared with the 
prestandard (1972) model year. The increases were 
statistically significant for most front-impact 
claims and for the total of all bumper-damage claims 
of all vehicle-size classes of the 1974-1978 model 
year comparison. Comparison of claim costs between 
poststandard model years resulted in few significant 
differences. 

5. Reduced claim trends of the model-year com
parisons and increased average claim costs were 
generally attributable to claims that involve re
placement of the bumper rather than those that 
involve only bumper repairs. 

In reviewing these conclusions, several points 
must be noted. First, if the standard has, in fact, 
been effective in reducing low-speed, low-cost crash 
damage, the cost distribution would be influenced. 
As a result of protective bumpers, the low-cost 
crash-damage claims would disappear from the low end 
of the cost distribution of reported damage and the 
average claim dollar amount would tend to increase. 
Thus, the claim and cost trends noted are not neces
sarily independent. In addition, the mixture of 
claim types (collision with deductible of $100 or 
greater, collision with deductible less than $100, 
and property-damage liability) experienced by State 
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Farm policyholders has changed in more recent years 
to include a larger percentage of collision claims 
with higher deductible amounts. This pattern would 
also produce higher average claim costs due to the 
more expensive nature of collision claims as well as 
the higher deductible amounts. A final important 
point is that the bumper standard only specified 
performance criteria, not design criteria. Manufac
turers still determine the specific bumper design. 
Thus, this study truly only evaluates the perfor
mance of those designs chosen by the manufacturers. 
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Present Status of Inertia-Collection System 

LARS Th COLLIN 

'The inertia-collection (INCOLL) concept for engine emission checking is 
based on transients that use inertia forces as braking totque. Thus, the 
emission-control systems developed for ·cars during the late 1970s have 
necessitated a further development of the INCOLL system. It is shown 
that the method has a high potential of predicting federal test procedure 
results. Results from official tests of the INCOLL system in the United 
States are presented together with some indicafions of results from simi
lar tests in Europe, as well as the prospects for the further development of 
the method. 

The purpose of this paper is to describe the present 
status of the inertia-collection (INCOLL) method and 
to present results achieved by the U.S. Environ
mental Protection Agency (EPA) in Ann Arbor, Michi
gan, in 1980, as well as other activities during the 
past few years. 
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BACKGROUND 

During the development of vehicle-propulsion systems 
in order to comply with the more stringent emission 
regulations in different countries, the systems have 
become more efficient but also more sensitive for 
malfunctioning components or systems, Therefore, a 
demand has developed to find a simple method, not 
only to check the individual car condition at deliv
ery, but also to be able to follow its behavior from 
an emission point of view during its use. Through 
such a system, the high-emitting individual vehicles 
in a population could be discriminated. 

The basic requirements for a short test can be 
expressed by the following criteria: 

1. The short test should be able to establish 
the three main pollutants with satisfactory accuracy 
and repetitivityi this should be done essentially 
quicker than with the certification cyclesi and 

2, The procedure should be reasonably capable of 
being correlated with certification tests, 

All proposed short tests can be divided into two 
categories: transient cycles and steady-state 
cycles. The transient cycles on a chassis dynamom
eter tend to get rather complicated and, as a re
sult, relatively large handling and investment costs 
are required. The steady-state tests, both dynamom
eter and idle tests, usually fall far short of pro
viding adequate correlatability with existing certi
fication tests. The problem has been to develop a 
transient test without the complexity and cost in
volvement of a dynamometer. 

The INCOLL method offers a transient test, which 
uses an entirely new concept, for emission inspec
tion of light- and heavy-duty vehicles. The de
velopment of the INCOLL method has been described 
elsewhere (.!-].l, where early test results are also 
given. 

REQUIREMENTS 

Durlng the late 1970s, more stringent legislation, 
especially in the United States, has forced the de
velopment of fuel systems that are able to control 
the air/fuel ratio exactly, Those systems are all 
of the closed-loop type, which means a feedback of 
the oxygen concentration in the exhausts to the fuel 
system. As a closed-loop system has a relatively 
long transient response, where the dominating time 
lag is due to gasoline transport through the engine, 
it is essential that the short-test transients do 
not substantially differ from the transients for 
which the system is constructed, This has meant 
that the INCOLL layout for closed-loop vehicles has 
had to be modified in order to adapt to the ability 
to handle transient processes. 

Features 

The INCOLL system is based on the principle that 
energy is stored in the moving parts of the engine 
and transmission during an acceleration of the 
engine while the transmission is in the neutral 
position. Therefore, it is possible to apply a 
transient load against inertia forces, where the 
load intensity is determined by the actual throttle 
setting. In Figure 1, a simplified equation of mo
tion for a vehicle on a chassis dynamometer is 
given, where J equals actual moments of inertia, Tl 
equals gear efficiencies, and u equals gear ratio 
(moment of friction force that results from bear
ings, etc., is neglected). Since the angular ac
celeration dw/dt is given from the actual driving 
cycle, the instantaneous engine torque could be cal
culated. 
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Figure 2 shows the simplified system equation for 
the INCOLL principle, where the parts involved in 
the inertia resistance are manufactured with narrow 
tolerances. The resulting loading can therefore be 
well controlled and is quite repeatable for vehicles 
belonging to the same family, 

The accelerations and decelerations are accom
plished through changes in the throttle setting of 
the engine. In this case, the throttle setting is 
guided by a movement with constant speed during ac
celeration and by a feedback system during decelera
tion. 

The INCOLL test is built on four parameters: 

1, Ramp speed and acceleration, 
2, Deceleration speed, 
3. Upper revolutions per minute (rpm) limit, and 
4, Lower rpm limit. 

The parameters are for a given vehicle family that 
was chosen so that the transients of the INCOLL test 
become equivalent to the transients of an official 
test. 

Hardware 

The INCOLL system consists of three major components 
that are illustrated in Figure 3, The central unit 
monitors the test, the servo amplifier amplifies the 
signals from the central unit, and the servo motor 
controls the throttle setting of the engine, Figure 
4 shows the actual equipment used during the tests. 

TESTS AT EPA 

In order to investigate the suitability of using the 
INCOLL test procedure as an emission inspection and 
maintenance testing procedure compared with existing 
testing procedures, a test program was conducted at 
EPA in Ann Arbor, Michigan, from April 29 to June 
l3, 1980 (!) • 

Test Program 

The following test sequence was used by EPA: 

1. Federal test procedure (FTP) (1979 procedure), 
2. INCOLL, 
3, so-cruise test, 
4, Four-mode idle test, 
5. Two-mode loaded test, 
6, Los Angeles-4 cycle (LA-4), 
7. INCOLL, 
8, SO-cruise test, 
9. Four-mode idle test, and 

10. Two-mode loaded test. 

The first round of short tests (2-5) is designated l 
in the evaluation and the second round (7-10) is 
designated 2. The FTP, INCOLL, and LA-4 emissions 
were diluted and analyzed with the same instruments 
while the others were analyzed by using a garage
type infrared hydrocarbon/carbon-monoxide (HC/CO) 
analyzer. 

Test Vehicles 

In order to control the ability of the short tests 
to detect high-emitting vehicles, a number of mal
functions were induced in the test vehicles. A de
scription of the test vehicles and test configura
tions follows: 

1. Dodge Dart, 1975, 3.69 dm' (California ver
sion)--Stock, 10 percent misfire, and rich idlei 

2. Chevrolet Chevette, 1977, 1.39 dm'--Stock, 
rich idle, and vacuum leak: 
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Figure 1. Simplified equation of motion for 
vehicle on chassis dynamometer. 

Engine 

J,, 

+----"M,a... __ _ 

( 'l1z • U,2 • hr"ZJ · l\:14•U:14) 

Figure 2. Simplified equation of motion for engine with Its gearbox In neutral 
position. 
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Gearbox in neutral position. 

Figure 3. Relation between INCOLL components. 

ENGINE 

CENTRAL 
UNIT 

OPERATOR 

ACCELERATOR 
PEDAL 

----~~ SERVO 
MOTOR 

SERVO 
AMPLIFIER 

3, Ford Mustang, 1980, 3.28 dm'--Stock, 10 
percent misfire, and rich idle; 

4, Chevrolet Nova, 1979, 4.10 dm 1--Stock; 
5, Chevrolet Citation, 1980, 2,50 dm' (closed

loop, California version) --Stock (poisoned catalytic 
converter) and oxygen sensor disconnected (poisoned 
catalytic converter); and 

6. TOyota Celica Supra, 1980, 2. 56 dm' 
(closed-loop, SO-state version)--Stock and closed
loop disabled. 

Evaluation of Test Results 

Statistically, three different methods are associ-

Dynamom1t1r 

Me• Engln1 TDrqu• 

Mb• Brake Torque • f (w) 

J, = Jn+J,2 

J2 = .lz,+Jn+Jz, 

J3 = Ji,+Jn+Jn 

• ..da.L. 
I' • dt 

No 101111 In the bearings 

Figure 4. Present INCOLL equipment. 
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ated with the concept of correlation: regression 
analysis, ranking analysis, and contingency-table 
analysis. These are briefly described below. 

In a regression analysis (simple regression), to 
describe the predictive relation of two methods, a 
line is fitted to the test results (in the case of 
simple regression, a polynome of first degree) . If 
there is a perfect linear relation between the vari
ables, r (the correlation coefficient) will assume 1 
or -1, If r is equal to zero, this does not mean 
that there is no relation between the two variables 
being correlated. Since r or r' measures only the 
goodness of fit of the regression line, this only 
indicates that the relation (if any) is not linear. 

The Spearman rank correlation coefficient is a 
nonparametric test (i.e., valid independently of 
type of probability distribution of the observed 
stochastic variables). The two variables being cor
related are each ranked in ascending size and sub
sequently compared to see whether the ranks of the 
two variables tend to be high or low together. The 
correlation coefficient assumes values between 1 and 
-1,. ___ It assumes the value 1 if the two rankings are 
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identical and -1 if they are exactly in the opposite 
order. 

The contingency-table analysis is based on the 
assumption that cut points can be found for the in
dependent variable that will discriminate the groups 
of the dependent variable. In this analysis, re
sults from the tests are grouped into four cate
gories, as shown in Figure 5. In Figure 5, the let
ters take the following meanings: 

a= Correctly passed--Vehicle does not exceed 
certification or short-test standard, 

b = Error of omission--Vehicle exceeds certifica
tion standard for one or more emissions but does not 
exceed the short-test standard, 

c = Error of commission--Vehicle does not exceed 
the certification standard but exceeds short-test 
standard for one or more emissions, and 

d = Correctly failed--Vehicle exceeds both certi
fication and short-test standard for one or more 
emissions. 

Figure 5. 2x2 contingency table. CERTIFICATION 
TEST 

PASS FAIL 

Table 1. Linear regression correlation. 

Sample 
Size 

Tests Compared (no.) HC co NOx 

FTP versus LA-4 14 0.99 0.99 0.99 
INCOLL 

I 14 0.87 0.96 0.79 
2 13 0.79 0.91 0.85 

Four-mode, idle 1 
Idle A 16 0.83 0.66 
2500 rpm 16 0.73 0.81 
Idle B 16 0.50 0.64 
Drive 13 0.78 0.68 

Four-mode, idle 2 
Idle A 15 0.64 0.65 
2500 rpm 15 0.84 0.78 
Idle B 15 0.57 0.69 
Drive 12 0.57 0.69 

SO-cruise 
I 16 0.55 0.72 
2 15 0.32 0.74 

Two-mode, loaded I 
30 mph 15 0.68 0.85 
Idle 16 0.81 0.66 

Two-mode, loaded 2 
30 mph 15 0.60 0. 73 
Idle 15 0.68 0.62 

Note: J designates the short test following the FTP and 2 designates 
the short test following the LA-4. 

Table 3. Selection of cut points. 
Certification 
Standard 

Emission (g/mile) 

INCOLL I' 

HC 1.5 
0.9 
0.41 

co 15.0 
9.0 
7.0 

NOx 2.0 
1.0 

Note: ppm= parts per million~ 
8 14 tests. 0 21 tests. 

INCOLL 
Standard 
(ppm) 

72.3 
34.6 

3.9 
485.0 
265. 0 
191.0 

17.9 
6.3 

Transportation Research Record 844 

From this figure, the short-test effectiveness (STE) 
can be defined, i.e., STE = d/(d + b), which is a 
measure of the fraction of vehicles that fail the 
FTP identified by the short test. 

Results 

For the linear regression, the correlation coeffi
cients r, based on simple regression, are presented 
in Table 1. 

The calculated values of the Spearman rank-order 
correlation are given in Table 2. 

For the contingency-table analysis, the evalua
tion differs slightly from the regression and rank
ing analyses. The short tests following the FTP and 
the short tests following the LA-4 are added to each 
other in order to get a bigger sample size. 

To determine the INCOLL cut points, all vehicles 
were treated together in a regression analysis. 
From the obtained regression line, cut points were 
determined as a function of the actual certification 
standard. The standards obtained are given in Table 
3. The collection of cut points with scatter plots 
and regression lines are shown in Figures 6-11. 

There are, of course, other ways of determining 
the cut points of a short test. One of the most 
common is to set errors of commission equal to 5 
percent. Due to the small number of tests, with an 
equal certification standard in this test program, 
it is impossible to use this criterion here. By ap
plying the regression technique there is no risk of 

Table 2. Spearman rank-order correlation. 

Sample 
Size 

Tests Compared (no.) HC co NOx 

FTP versus LA-4 14 0.97 0.94 0.98 
INCOLL 

I 14 0.79 0.87 0.86 
2 13 0.68 0.82 0.81 

Four-mode, idle I 
Idle A 16 0.62 0.61 
2500 rpm 16 0.59 0.50 
Idle B 16 0.57 0.61 
Drive 13 0.63 0.50 

Four-mode, idle 2 
Idle A 15 0.80 0 .68 
2500 rpm 15 0.77 0.64 
Idle B 15 0.83 0.68 
Drive 12 0.89 0.53 

SO-cruise 
I 16 0.66 0.08 
2 15 0.74 -0.19 

Two-mode, loaded I 
30mph 15 0.66 0.62 
Idle 16 0.57 0.41 

Two-mode, foaded 2 
30 mph 15 0.77 -0.20 
Idle 15 0.80 0.62 

Certification INCOLL 
Standard Standard 

Emission (g/mile) (ppm) 

INCOLL I+ 2h 

HC 1.5 68 .6 
0.9 32.6 
0.41 3.2 

co 15 .0 464.0 
9.0 252.0 
7.0 181.0 

NOx 2.0 20.9 
1.0 6,6 
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Figure 6. FTP versus INCOLL 1, HC. 
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Figure 7. FTP versus I NCO LL 1, CO. 
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Figure 8. FTP versus INCOLL 1, NOx, 
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Figure 9. FTP versus INCOLL 1 + 2, HC. 
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Figure 10. FTP versus INCOLL 1 + 2, CO. 
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Figure 11. FTP versus I NCOL L 1 + 2, NOx, 
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making a subjective determination of cut points in 
order to get the best possible results. 

For the other short tests, the following cut 
points are used: 

1. LA-4--The same standard as the certification 
standard, 

2. Four-mode idle--1 percent CO and 200 parts 
per million (ppm) HC, and 

3. TWo-mode loaded and 50-cruise--l.2 percent CO 
and 220 ppm HC. 

The results of the analysis are g i ven in Table 4. 

RECENT TESTS AT CHALMERS UNIVERSITY OF TECHNOLOGY 

Figures 12 and 13 are taken from a recent test pro
gram at Chalmers Universit y o f Technol ogy, Sweden 
(5). Figure 12 shows the scatter plot of t he nitro
gen ox ide (NOx) r esult f or t he bot- t ransient phase 
of FTP versus INCOLL for a vehicle with induced mal
functions (exhaust-gas-recirculation tampering, 
Pulsair tampering, advanced/retarded ignition tim
ing, and rich/lean idle) • As can be seen, a very 
high correspondence can also be reached for vehicles 
equipped to comply with Swedish legislation (simple 
regression correlation • 0,93, Spearman correlation 

Table 4. Contingency table analysis. 

Tests Compared 

FTP versus LA-4 
INCOLL 

I 
I+ 2 

Four-mode, idle I + 2 
Idle A 
2500 rpm 
Idle B 
Drive 

Two-mode, loaded I + 2 
30 mph 
Idle 

5 0-cruise, I + 2 

Figure 12. Hot-transient phase of FTP venus INCOLL, NOx, 
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NOX 
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INCOLL 

Sample 
Size 
(no.) 

14 

14 
27 

31 
31 
31 
25 

30 
31 
31 
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= 0.94). Figure 13 gives the same for CO at the 
same occasion (simple regression correlation• 0.93, 
Spearman correlation= 0.82). 

During the summer and fall of 1981, INCOLL tests 
were included in a test program at Porsche AG, West 
Germany, under an Umweltsbundesamt contract, The 
final report is not yet ready, but the test sequence 
covered three cars of the same family being re
peatedly manipulated as to idling CO, ignition 
timing, etc. The preliminary results indicate 
linear regression correlation values of the magni
tude of 0.85-0.90 for the three investigated compo
nents--HC, CO, and NOx--when compared with en
vironmental control equipment cycle results. 

SUMMARY 

The tests at EPA have shown that the INCOLL test 
tends to correlate best with the FTP test of all the 
short tests investigated in the test program. The 
tested vehicles were all modern U.S. market cars 
equipped with catalytic converters (both oxidizing 
and three-way catalyst). As a high correspondence 
also can be reached with European vehicles, it 
should be possible to extend the INCOLL method to 
assembly-line testing and research activities, where 
the short time necessary for the test and its high 

Correct Correct 
Pass-a Fail-d E0 -c E0 -b Short-Test 
(%) (%) (%) (%) Effectiveness 

14 86 0 0 1.0 

14 79 7 0 1.0 
II 74 II 4 0.95 

19 26 0 55 0.32 
19 13 0 68 0.16 
19 26 0 55 0.32 
16 16 0 68 0.16 

30 7 0 73 0.08 
19 26 0 55 0.32 
19 10 0 71 0.12 

Figure 13. Hot-transient phase of FTP versus INCOLL, CO. 
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repetitivity would reduce costs. A further develop
ment toward fuel-efficiency tests would also be pos
sible, as well as INCOLL cycles for diagnostic pur
poses. 

The past few years of development of the INCOLL 
system have shown the following: 

1. It is a transient test that does not need any 
chassis dynamometer; 

2. It could be executed in 4-5 min, including 
adoption, automatic calibration, some automatic 
warming up, automatic testing, and dismantling; 

3. It could be laid out to give test results 
comparable to certificat i on tests that deal with 
emissions and consequent fuel consumption; 

4. It could indicate and define errors or mal
functions within the engine system; 

5. It could be laid out to sample from any load
rpm area of interest; and 

6, It could (in a short time) supply large 
amounts of statistical data. 

Thus, the main future area of use might not be emis
sion investigations as such but quality and diagnos
tic investigations based on emission results. 
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Transverse Air-Cushion Restraints for Commuter Vans 
and Small Buses 

NATHANIEL H. PULLING AND DONALD R. VAILLANCOURT 

The recent proliferation of commuter vans and small buses has directed atten
tion to their safety deficiencies and the need for better restraint of their oc
cupants. A promising alternative to lap belts, which are generally ignored by 
van and bus commuters, would be the patented transverse air cushions described 
in this paper. Details are given of full-scale tests on a deceleration sled, where 
these air cushions restrained anthropometric dummies in simulated frontal 
barrier crashes up to 48 km/h. 

During the past few years, the problems of urban air 
pollution coupled with the soaring cost and prospec
tive shortage of motor vehicle fuels have forced 
changes in the patterns of commuting in private 
motor vehicles. More commuters are driving small 
cars in order to save fuel and an increasing number 
of commuters are vanpooling for even greater savings 
<.!.-I>. 

Safety experience in vanpooling so far has been 
good (l,!l. Most vanpooling arrangements use ex
perienced and prudent drivers, optimum routing, and 
well-maintained equipment. Driving is done in day
light (for the most part) and during hours when 
there is minimal likelihood of encountering conflict 
with other drivers under the influence of alcohol or 
other impairments. These and other factors foster 
an excellent safety situation for commuting in vans 
and small buses. 

Nevertheless, there is cause for concern because 
commuter vans carry up to 15 persons in each 
vehicle, and small buses even more, so that many 
more commuters are at risk in any accident than 
would be the case with automobiles. Furthermore, 
vans lack some of the safety features of passenger 
cars (,?.), and accident studies indicate that they 
are less crashworthy (§.,1). An effective counter-

measure would be the use of lap and shoulder belts 
(!,il, but there are no indications that their use 
by U.S. commuters in vans and buses is any greater 
than in passenger cars, where currently only one in 
nine car occupants uses restraints (10). 

Air bags are an obvious solution"'to the restraint 
problem for people who will not wear seat belts. 
Conventional air-bag systems could be used for the 
front-seat occupants of a van, but for the other 
passengers they would have serious disadvantages. 
First, a conventional air bag deflates in a con
trolled manner after being triggered by the vehicle 
impact (11), so that afterwards there is little pro
tection afforded during any subsequent collisions or 
rollover in a multiple-event accident. Second, 
there would have to be a large penalty in vehicle 
weight due to the massive seat structures required 
to withstand the enormous forces created by several 
human bodies in forward, high-gravity deceleration. 

TRANSVERSE AIR-CUSHION RESTRAINTS 

The transverse air-cushion restraints developed by 
Liberty Mutual Insurance company circumvent these 
problems. On deployment during a collision they 
would form a rigid cylinder of air cells in front of 
each row of passengers and extend across the width 
of the van or bus. The air cushions are constrained 
(as described later) in such a way that no body im
pact forces are transmitted to seats in front. 
These air cushions contain air pressure that would 
be maintained for a number of seconds until the 
vehicle comes to rest after any multiple collisions 
or rollover. The full-coverage crash protection of 
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this air-cushion system would be available to van 
and small-bus occupants without subjecting them to 
the nuisance and discomfort of strap restraints. 

Transverse air-cushion restraints act more like 
very wide strap restraints than like conventional 
air bags. They are resilient and extend the de
celeration time of the body while at the same time 
spreading the collision force over an extended area 
of the torso. The dynamic tests described in the 
next section show how the body tends to jackknife in 
a frontal collision and drape itself over the air 
cushion, as shown in Figure 1, while the thighs are 
forced tightly into the seat. The air cushions form 
a cylinder about 0.33 m in diameter so that a per
son's body does not move forward very much during a 
frontal collision, as it would with strap restraints 
that stretch or with conventional air bags that col
lapse. This means that the head and knees are fully 
protected from striking the back of a seat in 
front. Furthermore, while the air cushions are 
somewhat compliant, they maintain shape well enough 
during a collision to restrain an adult's body 
(whether large or small) centered in the seat, so 
that dangerous lateral movement would be prevented 
during an angle or side collision. Because the air 
cushions remain fully inflated for 5 s, the torso 
would be fully restrained during a rollover more ef
fectively than with the air-bag restraints currently 
in use. 

Prior to deployment, the air-cushion material 
would be folded compactly and stowed in armrest 
canisters 15-20 cm in diameter and 8-10 cm thick. 
These would be fastened to a steel framework, as 
shown in Figure 1. This framework can be formed of 
thin metal tubing since, when deployed in a colli
sion, the air cushions would be braced together in a 
column across the width of the vehicle. A mainstay 
and a backstay would be folded and stowed with the 
air bags and securely anchored to strong cross mem
bers under the floor pan. Canisters, stays, and 
framework would be concealed behind the upholstery 
of the vehicle seat and rip out only when deployed 
during a dangerous collision. Although the air 
cushions are pressed together by gas pressure, there 
is a tendency in a frontal collision for the for
ward-moving torso of a seat occupant to force itself 
between the air cushions. This is prevented by re
straining the bags with the diagonal backstays shown 
in Figure 1, as well as with the mainstays, which 
also serve to press the thighs down in the seat 
cushion and center them. In the preinflation tests 
described in the next section, this arrangement of 

Figure 1. Transverse air-cushion-restraint system. 
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occupant restraints dynamically adjusted itself to 
accommodate a range of body sizes from 5th percen
tile female to 95th percentile male anthropometric 
dummies . The air bags are flexible enough to form 
themselves over a passenger's legs if, prior to the 
collision, they were crossed or angled sidewise in 
the seat. Further details concerning the actions of 
these restraints are given in the U.S. patents (pa
tent numbers 3,981,519 and 3,981,520). 

The potentially active elements of the air-cush
ion-restraint system include a canister that con
tains the folded air bag and stays and a manifold 
for distributing the gas during inflation. These 
would be concealed in humps at the front of the arm
rests of the passenger seats, as shown in Figure 2. 
The driver would have a steering wheel air bag of a 
conventional kind (11). Either gas generators or 
bottles of stored air could be used for the passen
ger air bags. In order to provide protection from 
any direction, deployment of the air bags would be 
triggered by sensors that indicate vehicle deforma
tion. These would be located in the front and rear 
bumper supports and in several door frames. They 
would signal deployment for collision velocities 
around 20 km/h. For redundancy, there also should 
be omni-directional inertial sensors in the front 
and rear of the vehicle. A signal from any one of 
these sensors would cause all the air cushions in 
the vehicle to inflate within 0.04 s. This means 
that even in a moderately fast collision (such as 50 
km/h), the air cushions would blow up in front of a 
passenger before the torso moved forward signifi
cantly. 

The inflation pressure in this air-cushion-re
straint system is approximately O .07 kg/cm•. Or
dinary air bags are porous or have venting valves so 
that their internal pressures drop rapidly within 
less than 1 s. The transverse air cushions, how
ever, are constructed of a plastic-coated fabric in 
order to restrain high pressure for an extended 
period. It is envisioned that timers would auto
matically activate release valves after about 5 s. 
This is a time duration that examination of accident 
reports indicates would encompass complex, multiple
event accidents. 

The strength of the transverse air-cushion system 
for keeping vehicle occupants in place is derived 
partly from the mainstays and backstays and partly 
from the air cushions being forced against each 
other so as to create a rig id cylinder between · the 
door frames at the sides of the vehicle. An 
artist's rendering of this situation is shown in 
Figure 3. For lack of suitable load cells, lateral 
pressures were not measured during the sled tests of 
this system. They may be high enough to warrant 
stiffening the side-frame members in a van. 

In addition to superior occupant protection for 

Figure 2. Commuter van equipped with air-cushion restraints. 
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Figure 3. Commuter van with activated air cushions. 

nearly all types of serious collisions, the trans
verse air cushions have the important advantage of 
not compromising passenger comfort in any way. The 
safety devices would be unobtrusive and would not 
limit the design of comfortable and commodious seat
ing. One such possible arrangement is illustrated 
in Figure 2. 

QECELERATION SLED TESTS 

valid and fully believable tests of the transverse 
air-cushion restraints would require the entire sys
tem to be deployed normally during a full-scale ve
hicle collision. Unfortunately, we did not have the 
expertise and resources available to develop all the 
necessary hardware. However, we did conduct sled 
tests with a safety seat mock-up that involved pre
inflated air cushions and anthropometric dummies. 

Tests were performed with the Liberty Mutual 
automotive crash simulator (12). A 2-m sled was ac
celerated by compressed air over a distance of 2.7 m 
at up to speeds of 50 km/h (the upper limit of the 
sled system for realistic testing). After coasting 
free for O. 6 m, the sled was decelerated by a com
bination of an aluminum honeycomb and a hydraulic 
decelerator. Velocity was measured electrically and 
strain-gauge accelerometer data were transmitted 
through trailing cables to an instrumentation tape 
recorder. A typical deceleration pulse [filtered 
according to Society of Automotive Engineers, Inc. 
(SAE) standard J2llb) measured at the sled frame is 
shown in Figure 4. It simulates a vehicle-to-bar
r ier collision. 

The air cushions employed for these tests were 25 
cm thick and 38 cm in diameter (before inflation) 
and were sewn from plastic-coated cloth. About 5 cm 
of automotive seat belt material was sewn to the 
bags to form the mainstays and backstays. In order 
to maintain inflation pressure accurately while the 
sled propulsion system was being pressurized, inside 
bladders made from inner-tube material were em
ployed. Tests indicated that an air-cushion pres
sure of 0.07 kg/cm2 was adequate for torso reten
tion at 50 km/h, and it was employed thereafter. 

The air cushions in the test set-up were attached 
to 20-cm circular reaction plates bolted to the arms 
of the seat mock-up. The latter was constructed of 
a structural steel channel and fitted with plas
tic-foam cushions covered with vinyl. The air cush
ions were centered on an axis about 35 cm forward of 
the seat H-point (SAE standard JllOO) and 20 cm 
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Figure 4. Sled deceleration pulse. 

higher. Sierra 5th percentile female, 50th percen
tile male, and 95th percentile anthropomorphic dum
mies were employed. The test seat is shown in 
Figure 5. 

The dynamic action of the air-cushion restraints 
and dummy motions are best studied by high-speed 
motion-picture photography. For this purpose, a 
rotary-prism Fastax camera was employed at 400 
frames/a. A significant observation from the test 
films is that rebound velocity of a dummy is less 
than one-third of the entrance speed into the re
straint system. At 48 km/h, the maximum rebound ob
served was 13 km/h, which would present no safety 
hazard. 

Manually synchronized still photographs were also 
made, and typical examples are shown in Figures 6 
and 7. They illustrate how the upper thighs, abdo
men, and chest of the human surrogates are wrapped 
around the air-cushion restraint: thus, the colli
sion force is distributed harmlessly over a wide 
area of the torso. Pelvic and chest decelerations 
in the dummies were well within survivability limits 
and there were no lacerative injuries or any other 
skin damage. 

DISCUSSION 

The crash simulations just described are worst-case 
tests because frontal collisions are the most fre
quent and the most dangerous (13) of all automotive 
accidents. Therefore, it is~ strong evidence of 
their potential value that the transverse air cush
ions successfully restrained representative human 
surrogates in realistically simulated collisions at 
speeds up to 48 km/h and in a manner that most 
likely would not have harmed their human counter
parts. Insofar as sled tests can be considered re
alistic, these were crucial tests of this restraint 
concept. Since tests for an out-of-position occu
pant, side collision, and rollover would by no means 
be as formidable as the frontal collision, our in
ability to perform them is not considered critical 
at this stage. 

Most of the essential design elements in the 
transverse air-cushion-restraint system concept, 
notably collision sensors and air-bag inflators, 
have been fully developed elsewhere. The only im
portant item as yet undeveloped is the air-cushion 
material itself, which must be (a) strong, (bl able 
to remain flexible while stowed tightly for years, 
(c) capable of deployment within 40 ms, (d) able to 
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Figure 5. Air-cushion test seat mounted on deceleration sled. 

-

Figure 6. Sled test with 5th percentile dummy. 

Figure 7. Sled test with 50th percentile dummy. 
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maintain adequate pressure for several seconds, and 
(el manufacturable in the form required. Informed 
vendor opinion is that such a material is feasible, 
although casual inquiry did not develop a source. 
Availability of such a material is obviously a pre
requisite to further development of this restraint 
system. 

CONCLUSION 

Transverse air-cushion restraints would offer crash 
injury protection to van and small-bus occupants 
without the necessity of having them buckle up, 
which experience indicates few riders will do. 

The proposed system differs from conventional air 
bags in the following respects: 

Difference 
Side-acting 

Prolonged inflation 

Back stays 
Mainstays 

Benefit 
Lack of forward body thrust 

obviates need for strong 
seatsi tends to center 
occupant 

Protects in side impacts 
and rollovers 

Centers occupant in seat 
Maintains torso position 

and low profile 

Although the transverse air-cushion-restraint system 
has not been completely developed, its dynamic ca
pabilities have been demonstrated in realistically 
simulated crash tests, and construction of fully 
operable hardware appears to be feasible. Accord
ingly, it is proposed as a practical occupant-re
straint concept for passenger vans and small buses 
where large numbers of riders are at risk without 
adequate crash injury protection. 
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Positive-Guidance Demonstration Project at a Railroad

Highway Grade Crossing 

PETERS. PARSONSON AND EDWARD J. RINALDUCCI 

A rural railroad-highway grade crossing used exclusively by local drivers was 
selected for 3 positive- guidance demoristration project. lri ltielly. and through
out the project, tho crossing was controlled by STOP signs because of sight
distanco restrictions. Tho project first upgraded the motorist,lnformetion 
system at the site by installing improved advance-warning signs and markings 
that conform to the Manual on Uniform Traffic Control Devices. (The cross
ing is on o minor county road, not on the state system.) Then, application 
of the positive-guidenc,i procedure resulted in the addition of rumble strips 
on both approuches and LOOK FOR TRAIN and HIDDEN XING signs on 
the more rostric1ed approach . The as-is condition and the two levels of im
provement were evaluated by observing the extent to which drivers slowed 
down at a safe rate, stopped at a safe distance from the track, and looked 
both ways before crossing. It was found that the positive-guidance pro
cedure was workable, and the project yielded field-tested schemus for evalua
tion that can be recommended to other agencies that desire to use the 
positive,guidance system at grade crossings. However, overall, the project 
did not produce an Improvement in driver behavior. In fact, the rumble 
strips induced some swerving into the oncoming lane and may have been 
responsible for the observed increase in vehicles crossing at reckless speeds. 
These findings, while eHantiatly negative, are important because they docu
ment the difficulty of influencing drivers who are thoroughly familiar with 
a road. Rumble strips should be reserved for nonresidential areas where un
familiar drivers are numerous. 

Positive guidance is a set of rational steps de
veloped during the 1970s by the Federal Highway 
Administration (FHWA) (]:,,!) to provide drivers with 
sufficient information where they need it and in a 
form that they can best use to avoid hazards. It 
combines highway engineering and human factors tech
nologies to produce an information system matched to 
facility characteristics and driver attributes. 
Positive guidance often provides high-payoff, short
range solutions to safety and operational problems 
at relatively low cost. The procedure consists of 
six major functions, which are as follows: 

1. Data collection at problem locations, 
2, Specification of problems, 
3. Definition of driver-performance factors, 
4. Definition of information requirements, 
5. Determination of positive-guidance informa

tion, and 
6. Evaluation. 

SITE CONDITIONS 

This paper describes a positive-guidance demonstra
tion project funded by FHWA through a contract with 
the Georgia Department of Transportation (DOT). A 
railroad-highway grade crossing in rural Georgia was 
the site of the project. The crossing is used ex
clusively by local drivers and was controlled by 
STOP signs throughout the pro ject. The project 
first upgraded the motorist-informa tion system at 

the site by installing i mproved advance-warning 
signs and markings that conform to the Manual on 
Uniform Traffic Control Devices (MUTCD) (1). (The 
crossing is on a minor county road, not on the state 
system.) Then, the positive-guidance procedure was 
applied to determine the type and location of 
additional improvements and modifications in the 
overall information system. Rumble strips and cer
tain nonstandard signs were identified and in
stalled. The as-is condition and the two levels of 
improvement were evaluated for improvement in driver 
performance. This paper briefly summarizes the 
final report to the Georgia DOT (_!). 

Figure 1 is a condition diagram for level 1, the 
as-is condition. Stanley Road, located northwest of 
Atlanta in Kennesaw, is a rural 18-ft two-lane road 
that crosses the L&N Railroad with poor sight dis
tance from both roadway approaches (Figure 2) • Be
fore any improvement, the crossing had warning and 
protective devices that consisted of two STOP signs, 
one stop-ahead sign, and a wood crossbuck that faced 
in both directions. Figures 3 and 4 give further 
indication of the sight-distance restrictions due to 
fences, trees, and hillocks in the four quadrants of 
the crossing. These figures also show the stations 
of the hidden observers who collected performance 
data during the project. 

Stanley Road has an average daily traffic (ADT) 
of 1100 vehicles/day and is used only by local 
drivers. The speed limit is 35 mph. The crossing 
averaged only about 8 trains/day during daylight 
hours when data were collected. County records over 
a number of years showed no accidents at this site. 
Federal records listed a recent accident when a 
train struck an unoccupied car that had stalled on 
the track on a rainy night. The Peabody-Dimmick 
hazard-index formula, which considers traffic 
volume, train volume, and level of crossing protec
tion, predicts over eight accidents over a five-year 
period. Train arrivals were entirely unpredictable; 
drivers had no expectancy as to when a train might 
arrive. Train speed varied widely from 5 to 30 mph, 
depending on block signals. 

Pilot observations showed that a significant 
fraction of the motorists ignored the STOP sign and 
slowed down no more than necessary to negotiate the 
crossing, i.e., between 20-25 mph. With sight dis
tance limited as it is, they relied entirely on the 
locomotive engineer's duty to sound the horn for the 
crossing. Those who stopped did so too close to the 
tracks. 'l'he site typified the classic problem of 
the inattentive local motorist who lacks respect for 
the danger of a crossing. 
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Figure 1. Condition diagram for level 1 (as-isl condition. 

Figure 2. Sight distance graph. 800 
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EVALUATION DESIGN 

Driver performance was evaluated for level 1 ( the 
as-is condition) by obtaining the following data for 
each approach for two weekdays, a Saturday, and a 
Sunday, during daylight hours. 

1. Driver looking behavior. Hidden observers 
with binoculars noted whether drivers turned their 
heads to the left and/ or the right. It was not at
tempted to judge whether the head motion was for the 
purpose of seeing a train. 
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Figure 3. Sketch of west (eastbound) approach. 
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Figure 4. Sketch of east (westbound) approach. 
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2. Location of stop, for those vehicles that do 
stop. Three zones (0-10 ft, 10-20 ft, and more than 
20 ft) were identified on the assumption that at 
least 10 ft of clearance from the nearer rail to the 
front bumper of the vehicle are required for safety. 
The stop lines that would be added later in level 2 
should be placed 15 ft from the track, according to 
MUTCD, so the zone of 10-20 ft represents normal and 
safe compliance. 

3. Speed profiles. Speed profiles were obtained 
by using pairs of tapeswitches located 10, 50, 100, 
200, 300, and 500 ft from the crossing. Figure 5 
(}) illustrates the concept of speed profiles for 
grade crossings protected by a crossbuck or a STOP 
sign. The Georgia Institute of Technology used a 
RATEM II microprocessor, designed by Ken G. Courage 
of the University of Florida, to record the tape
switch closures and print out statistical summaries 
on paper tape in the field. Figures 3 and 4 show 
the tapeswitches in place on each approach, with 
wires leading off to a small tent out of sight of 
the motorists, where the microprocessor and printer 
were located. Tapeswitches are all but invisible to 
motorists at speed and are quite silent and unobtru
sive. Ignored by motorists during level l and 2 
evaluations, the tapeswitches became a target for 
vandals after the positive-guidance solution was in
stalled. 

Figure 5. Concept of speed profiles for crossbuck 
and STOP sign grade crossings. 
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4. Crossing speeds. Crossing speeds of all lead 
vehicles were obtained by a hidden observer with a 
radar gun. The minimum speed as the vehicle ap
proaches and crosses the tracks is recorded. The gun 
may be designed to blank out its display at speeds 
below 3 mph, in which case a zero is recorded. 

The results of the level l evaluation are reported 
later, along with the level 2 and level 3 results. 

The site was then upgraded to level 2 to conform 
with the MUTCD by adding stop lines and advance
warning signs and markings as shown in Figure 6. An 
acclimation period of 30 days was allowed to pass 
before driver-performance data were taken again. It 
was obvious to the project staff that driver per
formance under level 2 conditions was still inade
quate. A positive-guidance solution (level 3) was 
clearly still needed to improve driver behavior . 

POSITIVE-GUIDANCE SOLUTION 

The eastbound approach offers an especially poor 
view of the track from a distance. It was decided 
to install a LOOK FOR TRAIN sign 150 ft from the 
crossing and a HIDDEN XING plate below the railroad 
(RR) advance-warning sign 435 ft from the track 
(Figure 7 i note, shaded areas are proposed rumble 
strips). The word hidden was specifically considered 

NOCROSSINO 

OL----------- --------------------------
UPSTREAM STOP XINO DOWNSTREAM 

LINE 
DISTANCE 

Figure 6. Condition diagram as upgraded to MUTCD (level 2). 

D 
HOUSE 
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preferable to blind. No new signs or markings were 
recommended for the westbound approach. 

It was decided to install three rumble strips on 
each approach to the crossing in order to call at
tention to the warning signs. Rumble strips offer a 
cross-modality stimulation that is both tactile and 
auditory. They would appear to offer an attractive 
reinforcement to the visual stimulation of the signs 
(provided they are not used everywhere). They are 
formed of corrugations O. 7 5-in deep. They should 
not be used indiscriminately in residential areas, 
such as the project's westbound approach, as their 
noise can annoy and disturb neighbors. Furthermore, 
a local driver who uses the route frequently may 
avoid the noise and vibration by crossing the 
centerline into the lane used by oncoming traffic. 
Such a maneuver could pose a greater hazard than the 
trains. 

The warning signs and rumble strips were in
stalled at locations determined through the posi
tive-guidance procedures. Figure 8 shows, for each 
approach, the three zones that correspond to the 
nature of the tasks the driver must perform when ap
proaching the crossing. The approach zone corre
sponds to the decision sight distance (~) minus the 

Figure 7. Diagram of proposed positive,guidance solution. 
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Figure 8. Plot of approach, nonrecovery, and hazard zones. 
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desirable stopping sight distance (l). The nonre
covery zone begins at the point beyond which there 
is insufficient stopping sight distance. It was pre
pared for a design speed of 35 mph. An analysis of 
information needs and zone assignments led to the 
conclusion that, on the eastbound approach, a rumble 
strip was needed at the beginning of the nonrecovery 
zone (250 ft from the crossing) to call attention to 
the LOOK FOR TRAIN sign 100 ft ahead. Similarly, 
another rumble strip was installed 100 ft in advance 
of the RR advance-warning sign, with its HIDDEN XING 
plate. The third rumble strip was installed 100-ft 
upstream of the symbol stop-ahead sign, The same 
procedure was followed in locating the three rumble 
strips on the westbound approach. 

Figure 7 shows a diagrammatic left-turn rail
road-crossing sign recommended for the road that 
runs parallel to the track. 

RESULTS 

Table 1 reports the looking (head-turning) behavior 
for levels 1, 2, and 3, which were the as-is, MUTCD, 
and positive-guidance conditions, respectively. The 
table shows that looking behavior became progres-
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sively worse from level 1 to 2 to 3. A chi-square 
test showed that these results were highly signif i
cant statistically. 

Table 2 shows the changes in stopping location 
and the percentage of vehicles not stopping at all 
for the three levels of control. For both eastbound 
and westbound vehicles, the percentage of vehicles 
not stopping decreased dramatically after the in
stallation of the positive-guidance solution. The 
location of stop improved appreciably for the west
bound flow but stayed about the same for the east
bound movement. 

Speed profiles were determined by tapeswitch from 
7:00 a.m. to 6:00 p.m. on two weekdays, a Saturday, 
and a Sunday, just the same as the other types of 
data. Each approach averaged about 300 vehicles dur
ing an 11-h period. No significant difference from 
day to day was found. The 85th percentile speeds for 
levels 1, 2, and 3 at each of the six distances from 
the track are summarized in Table 3. (The 85th per
centile speed was preferred to the mean as an indi
cator of the performance of the relatively reckless 
drivers.) It is immediately apparent that there are 
no differences to speak of among the three levels. 
The speed at 200 ft from the crossing is considered 
to be especially important, as the safe driver will 
have reacted to the advance-warning signs before 

Table 1. Looking behavior for levels 1, 2, and 3. 

Percentage of Drivers 

Level I Level 2 Level 3 

Behavior Yes No Yes No Yes No 

Eastbound 
Looked left 85.9 14.1 82.7 17.3 82.1 17 .9 
Looked right 85.9 14.1 Bl.I 18.9 77.9 22 .1 
Looked one/both 89.9 IO.I 86.2 13.8 85.9 14.1 
directions 

Westbound 
Looked left 88.1 11.9 76.2 23.8 68.5 31.5 
Looked right 86.7 13.3 75.2 24.8 63.8 36.2 
Looked one/both 91.2 8.8 81.3 18.3 75.2 24.8 
directions 
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reaching that location (~). Table 3 shows that the 
speeds at 200 ft, on both approaches, were unaf
fected by the two levels of improvement and were ap
proximately as high as the posted speed limit. 

A concealed observer with a hand-held radar speed 
meter determined the lowest speed of each vehicle as 
it approached and crossed the track. The means of 
these speeds are not of much interest, as the aver
age driver typically operates his or her vehicle in 
a safe manner. Tables 4 and 5 examine the speeds of 
the faster vehicles, which are those more likely to 
be involved in an accident. The tables show that the 
fast group of eastbound drivers (>11 mph) held 
steady at only about 7 percent of the stream. How
ever, the truly reckless drivers, crossing at more 
than 25 mph, increased eightfold to almost 1 percent 
of the total. The fast group of westbound drivers 
increased their proportion of the stream from 14 to 
22 percent, and reckless drivers tripled to about 
0.5 percent of the total. 

This rural area is very conservative politically. 
Perhaps some of these reckless drivers were rebel
ling against noisy, annoying rumble strips by doing 
the opposite of what they know the authorities are 
trying to get them to do. About six drivers/day in 
each direction were observed to avoid the rumble 
strips by crossing the centerline into the opposing 
lane. 

CONCLUSIONS AND RECOMMENDATIONS 

The primary objective of this demonstration project 
was to test the positive-guidance procedures for ap
plicability to the problem at a highway-railroad 
grade crossing with restricted sight distance. A 
secondary goal was to achieve an improvement in 
traffic operation at the site. 

The project staff had no difficulty in applying 
the positive-guidance procedures. The procedures may 
seem unnecessarily comprehensive for this simple 
site; however, agencies concerned with mounting 
numbers of lawsuits should find that time spent 
documenting positive-guidance procedures will pay 
for itself many times over in reduced liability. 

The evaluation procedures purposely were more ex-

Table 2. Oli·square analysis of stopping 
Percentage of Vehicles in Zone Percentage of Vehicles in Zone zone. 

Table 3. Speeds from tapeswitch data. 

Zone (ft) Level I Level 2 Level 3 Zone (ft) Level I Level 2 

Eastbound• Westboundb 
0-10 18.0 9.5 24.3 0-10 7.7 3.6 
11-20 39.6 28.9 60.4 11-20 14.4 12.2 
More than 20 3.7 5.6 9.8 More than 20 6.8 6.7 
No stop 38.7 56.1 5.4 No stop 71.2 77.5 

"Ctd,.square = 313.3, signitlain t at 90 percent, and probability of error (type I error) less than 0. 
bchf.Jlquare = 368,6, signiOcr.,inl at 90 pcrcrnt, and probability of error (type l error) less lhan 0. 

Level 3 

10.4 
51.3 
25.7 
12.6 

85th Percentile Speed• (mph) 85th Percentile Speed• (mph) 

Item Level I Level 2 Level 3 Item Level I Level 2 Level 3 

Eastbound Westbound 
Distance from Distance from 
track (ft) track (ft) 

10 11 12 11.5 10 13.5 14 14.5 
50 20 19 20.5 20 19.5 18 20 

100 28 17 .5 28 100 26.5 27 27.5 
200 37 36 36 200 34 33 34 
300 40 40 40 300 35 35 35 
500 43.5b 43b 41 b 500 38 37 37 

Sample size 1999 1216 1222 Sample size 1333 1210 1147 

8 
Avg of four d1J)'.S: , 

bspeeds above about 40 mph are not precise because of the speed range programmed for the microprocessor. 
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Table 4. Percentage stratification of lowest 
approach speeds into speed groups, Speed Group (mph) 

Item 0-5 6-10 11-15 16-20 21-25 >25 

Eastbound• 
Level I 66.0 27.0 5.3 0.8 0.8 0.1 
Level 2 64.3 29.2 4.8 1.4 0.4 0.1 
Level 3 66.7 26.0 5.0 I.I 0.4 0.8 

Westboundb 
Level I 39.2 47.0 11.8 1.5 0.3 0.2 
Level 2 48.5 37.4 11.3 2.4 0.5 0 
Level 3 41.9 36.5 13 .9 5.4 1.7 0.6 

~Chl-.squ1n, = 16.8 with 10 df;tlgnirl c:nnce = 0.0784. 
bChl'6qUllfO = 5S.9 with 10 df; aJaoirlcnttce = 0.000. 

Table 5. Stratification of lowest approach 
Percentage of Vehicles Percentage of Vehicles 

speeds into groups of fast and slow. 

Slow Fast Sample Slow Fast Sample 
Item (<II mph) (;,, 11 mph) Size• Item (< 11 mph) (;,, II mph) Size• 

Eastboundb Both appro,1ches 
Level I 93.0 7.0 769 combincdd 
Level 2 93.4 6.6 1368 Level I 90.0 10.0 1417 
Level 3 92.7 7.3 857 Level 2 90.0 9.6 2271 

Westbound0 Level 3 86.5 13.5 1525 
Level I 86.2 13.8 648 
Level 2 85.9 14.1 903 
Level 3 78.4 21.6 668 

aThese sample sizes pertain to Tables I , 2, and 4, also. They are smaller than the sample sizes in Table 3 because only the lead vehicle 
in a pl il lOOn was recorded. 

bchi-squu,e = 0.4264 with 2 df; significance = 0.808. 
( Chl·:Jquan: = 19.BJ with 2 dfa lp1ffi c.:. 11(0 = 0.000. 
dChl.;:quare = 15.92 with 2 df; sfgnlrico.uce = 0.0003. 

tensive than any operating agency would use, as it 
was desired to determine which of the procedures is 
most cost effective. It is recommended that tape
switches not be used for routine evaluation because 
of the complexity of the equipment and the sus
ceptibility to vandalism. It is recommended that 
observers not be deployed to determine the percent
age of motorists stopping and the zone of stop. 
These judgments are too subjective and raise serious 
questions of inter-observer repeatability. 

It is recommended that evaluations of this type 
be performed by two observers located as close to 
the road as possible (that is, not at a side loca
tion down the tracks). One observer holds a radar 
speed meter and records the minimum speed of all on
coming vehicles and as many vehicles moving away 
from him or her as convenient. The second observer 
holds 8-power binoculars (or possibly a 20-power 
telescope for unusual distances) and observes head 
movements of oncoming vehicles only. This observer 
should be instructed to look for a "Fuzzbuster" on 
the dash. 

Stanley Road is used entirely by local motorists. 
It may be impossible to change their behavior at the 
crossing short of installing gates, lights, and 
bells. Overall, driver performance did not improve 
as a result of the two levels of upgrading. In fact, 
the rumble strips induced some swerving into the on
coming lane and may have been responsible for the 
observed increase in vehicles crossing at reckless 
speeds. Recommendations in the literature (,2.) for 
rumble strips at grade crossings should be amended 
to apply only to nonresidential locations where un
familiar drivers are numerous enough to form the 
target population. 
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Effectiveness of Changeable Message Signing at Freeway 

Construction Site Lane Closures 
FRED R. HANSCOM 

The effectiveness of changeable message signing (CMS) devices in advance of 
freeway construction and maintenance zone lane closures was evaluated. 
Operational traffic behavior and driver interview data were gathered in four 
states. Before-and-after studies of baseline (no CMS) versus CMS application 
consistently demonstrated increased advanced preparatory lane-change activity, 
smoother lane-change profiles, significantly fewer late exits (within 100 ft of 
closure), and reduced speeds at the lane-closure point to be associated with 
CMS use . The most preferable CMS location was found to be 0.75 mile 
(1.2 km) in advance of the lane closures. Of three tested device types 
(one-line bulb matrix, two-line rotating drum, and three-line bulb matrix), 
the large, obtrusive three-line bulb matrix tended to produce more advance 
lane-change behavior; however, no difference in the hazardous late exit 
maneuvers was observed between types. All three were equally effective 
in eliciting speed reductions at the entrance to the lane closure. Driver 
interview data tended to favor the three-line device due to its greater in
formation display capacity. Message combinations of speed, lane closure, 
and merge advisories were tested on the devices. Although lane-change be
havior of the total traffic stream did not significantly differ between message 
conditions, interviewed motorists favored the speed and lane-closure message 
combination as being most helpful, providing most response time, and meet
ing information needs. The study recommends CMS applications as a sup
plement to standard device schemes but not as a substitution for the arrow
board. Suggested cost-efficient CMS applications involve (a) short-term 
closures characterized by decreased driver expectancy, (b) traffic volumes 
of 900 vehicles/h or greater, and (c) limited sight distance to the closure. 

Highway construction activity or other types of 
incidents (e.g., accidents, unexpected road obstruc
tions, and maintenance activities) frequently re
quire the closure of one or more traffic lanes. 
Although the Manual on Uniform Traffic Control 
Devices (1) describes recommended treatments for 
typical lane closures, there is a need for improved 
methods of providing advance information to the 
motorist. The need for this research is emphasized 
by the current trend for highway rehabilitation 
projects, many of which require lane closures. 
Accident experience at lane-closure locations, 
especially on high-speed facilities, demonstrates 
the need for better guidance for the motorist and 
protection of the worker. 

OBJECTIVES AND APPROACH 

The objective of this research was to determine the 
effectiveness of changeable message signing (CMS) 
applications at lane closures on high-speed free
ways. Right- and left-lane closure situations were 
studied and observations were made under day and 
night conditions. By using field studies at se
lected lane-closure sites, this research examined 
traffic performance effects of various changeable 
message displays. In addition, a sample (N = 489) 
of driver responses (detection, comprehension, and 
interpretation) was obtained. This applied method
ology examined appropriate relations between driver 
information processing and vehicle behavior required 
for validating operational measures of CMS effec
tiveness. 

FIELD-STUDY METHODS 

Two separate procedures were applied to study CMS 
effects at planned lane closures. Manual coding of 
vehicle performance was applied to gather traffic 
operati'onal responses to the CMS alternatives, and 
in-vehicle questionnaires were administered to t ·est 

subjects to obtain sensitive measures of driver 
response. 

Traffic-Operations Measurement 

Manual observations of vehicle speed and lane dis
tributions (proportions of traffic in the closed and 
through lanes) were obtained at the following data
collection points on the approach to freeway lane 
closures: 

1. Advance--The advance point was selected in 
advance of the sight distance to the CMS, approxi
mately 1 mile (1.6 km) before the lane closure. The 
purpose of collecting data at this point was to 
determine behavior of traffic not influenced by the 
CMS. 

2. CMS Point--The CMS location was either 2000 ft 
( 600 m) or O. 75 mile (1. 2 km) ( the two tested CMS 
placements) in advance of the taper. Data were 
gathered here to determine the advance effect of the 
CMS. 

3. Intermediate--Midway between the CMS and 
taper, the intermediate point defined the lane
change profile effect of the CMS. 

4. Taper--The most critical collection point was 
100 ft (30 m) in advance of the first taper chan
nelizing device. Data gathered here revealed the 
level of hazardous late exit behavior. 

This uniformity of data-collection points between 
CMS test locations permitted limited combining of 
data for the purpose of comparing CMS effects. Time 
of day for data collection was also controlled in 
order to eliminate its possible confounding effect. 

Both speed and lane-distribution data were sam
pled within 30-min data-collection intervals. This 
incremental observation procedure permitted the 
monitoring of interactive effects of speed and 
volume changes as conditions fluctuated throughout 
the data-collection day. 

In-Vehicle Driver Response 

A driver questionnaire was completed by subjects who 
participated in a controlled field study staged at 
construction sites observed in the traffic-opera
tions study. These subjects were not aware that 
they were participating in a study specific-ally 
related to highway construction zone signing until 
they had completed a considerable portion of the 
questionnaire. Lane-change behavior and driving 
speeds were unobtrusively recorded and subsequently 
matched to questionnaire responses. 

The applied questionnaire strategy involved first 
asking a series of general questions regarding 
observations of traffic-control devices that the 
drivers had passed. Although answers to these 
questions were provided prior to the subjects being 
directly asked about their CMS observations, the 
answers nevertheless reflected a direct impact of 
the CMS. This provision of the survey afforded an 
internal response-validation mechanism. 

Completed questionnaires void of missing data 
items were obtained for a sample of 489 drivers. 
Age and sex distributions of the sample did not 
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significantly differ between states. Age and sex 
distributions were controlled so as to approximate 
normal exposure rates. The sample included substan
tial proportions of drivers younger than 20 and 
older than 60 while maintaining a nearly even male
female distribution. 

Tested CMS Conditions 

A review of current use revealed general charac
teristics of available CMS devices applicable for 
construction zone traffic management. Three device 
types that represent a variety of available charac
teristics were applied in this study. Three message 
capacities (one, two, and three lines) were tested, 
which represent two display types (bulb matrix and 
rotating drum). Figure 1 summarizes tested condi
tions (note: 1 ft= 0.3 m, and 1 mile= 1.6 km). 

Field-Test Scenario 

The study procedure had to accommodate a variety of 
constraints. First, it was not possible to stage 
construction activity for the purpose of controlling 
necessary site conditions (e.g., highway geometry 
and traffic volume). Therefore, the study procedure 
could be applied only at existing construction 
sites. Second, it was not possible to test all CMS 
devices at one site. The research team was depen
dent on CMS manufacturers and state agencies for 
providing the devices and, therefore, constrained to 
specific locations and data-collection times. 
Finally, at one site it was not possible to test a 
baseline (no CMS) condition because of possible 
liability consequences to the state agency. 

These locational and CMS device constraints 
required that the applied field-test scenario (see 
Table 1) use a variety of data bases. Existing 
differences between data bases (e.g., varying traf
fic-control-device standards between states) dic
tated complete reliance on within-site data analy
sis. Therefore, in the interest of statistical 
validity of the analysis, adequate sample sizes were 
gathered at each site. 

Analysis of the data addressed the four CMS 
effect issues identified in Table 1. The effect of 
CMS device application was determined at sites that 
initially contained standard (no CMS) traffic-con
trol-device schemes via a before-and-after study of 
each tested CMS device. Placement conditions (in
cluding use of more than one CMS) were tested as the 
result of the simultaneous availability of two 
devices at one site. Three placement alternatives 
that varied CMS location with respect to the lane 
closure were as follows. 

1. 0.75-mile advance placement, 
2. 0.75-mile and 2000-ft placements, and 
3. 2000-ft placement. 

A variety of message conditions were tested in 
one state that routinely applied CMS devices. The 
following message types were permitted to be speci
fied: 

l. Speed and closure advisory, 
2. Speed and merge advisory, 
3. Merge and closure advisory, and 
4. Closure advisory. 

FIELD-STUDY RESULTS 

Results are 
applied field 
across lanes, 
responses. 

separately discussed for the three 
measure types: traffic distribution 
speed measurements, and in-vehicle 
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Lane-Distribution Results 

The relative proportions of traffic in the through 
and closed lanes that approach construction zone 
lane closures were observed for a sample of more 
then 196 500 vehicles. Data gathered in three 
states (Georgia, Colorado, and California) were used 
to compare these lane distributions between baseline 
(no CMS) conditions and various CMS applications. A 
fourth data set, gathered in South Carolina, was 
used to determine the relative effects between 
certain CMS message alternatives (i.e., speed and 
closure, speed and merge, and closure and merge 
advisories) and various placement configurations 
(i.e., one CMS at 2000-ft or 0.75-mile advance 
p~acement, and two CMS devices, one at each advance 
location). 

A number of findings evolved from this analysis. 
CMS application was consistently shown to improve 
lane-distribution profiles (e.g., increased advance 
preparatory lane changing) on the approach to con
struction site·s, and certain findings evolved re
garding specific CMS characteristics. Findings are 
now discussed for each of the CMS effects noted in 
the field-test scenario (previously summarized in 
Table 1). 

Application 

Consistent results between baseline (no CMS) and CMS 
conditions based on data collected in Georgia, 
Colorado, and California demonstrated improved 
lane-distribution profiles following the application 
of CMS at both right- and left-lane closures. 

Figure 2 shows lane-distribution profiles of 
baseline CMS effects observed for one- and two-line 
CMS devices in Georgia and Colorado, respectively. 
Because distinctly different baseline profiles were 
noted, it would be inappropriate to combine these 
data across sites for illustrative purposes. Higher 
volumes noted for the Colorado sites likely ex
plained the increased early exiting from the closed 
lane. As can be seen from the figure, application 
of CMS devices was associated with decreased 
closed-lane proportions of traffic at all three 
data-collection points within 0.75 mile of the 
closure. 

Two CMS conditions were compared with baseline 
conditions at one site, the results of which are 
shown in Figure 3. Dramatic reductions in the 
proportions of vehicles that remain in closed lanes 
were observed for both conditions. Differences 
observed between specific CMS conditions of place
ment, message type, and format are discussed next. 

Placement 

Four CMS placement schemes were tested in the South 
Carolina data base. These were as follows: 

1. Single CMS use--One device placed approxi
mately 2000 ft in advance of the taper, 

2. Advance CMS use--One device placed O. 7 5 mile 
in advance of the taper, 

3. Two CMS devices--One device at each of the 
above noted locations, and 

4. Advance CMS with supplemental arrowboard--One 
CMS placed 0.75 mile in advance of the taper and an 
additional arrowboard at the 2000-ft location. 

Figure 4 depicts an apparent effect of CMS place
ment on lane-distribution profiles. Significantly 
smaller proportions of traffic were observed in the 
right (closed) lane for the three noted conditions 
that included as CMS at the O. 7 5-mile advance loca
tion. Data collected at the CMS location (2000 ft 
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Figure 1. Tested CMS conditions. 

Site 

So,th 
Cam1l,i,1 

c.o,.,. 

Colou do 

California 

CMS Format/ 
Placement 

Three-Line bulb matrix 
(2000 feet Crom taper) 

Supplemental One-line 
bu!L matrix 
(3/4 mile ad\ance) 

One-line bulb matrix 
(3/4 mile advance) 

Two ,line rotating 
drum 
(3/4 mile advance) 

One-line bulb matrix 

Two-line rotating 
drum 

'Three,line bulb 
metrix 
(All 3/4 mile advance) 

Message Type 

Speed and Closure 
Advisory 

Speed and Merge 
Advisory 

Merge and Oosure 
Advisory 

Closure Ad\isory 

Sp«d and Merge 
Adliisory 

Closure Advisory 

Closure Advisory 

Speed Advisory 

Speed Advisory 

Closure Advisory 

Speed and Closure 
Advisory 

Table 1. CMS field-test scenario. 

CMS Effect 

Application 

Placement location 

Message condition 

Format 

Test Condition 

Baseline versus one-line device 
Baseline versus two-line device 
Baseline versus three-line device 
2000-ft advance 
0. 7 5 mile and 2000 ft 
0.75-mile advance 
Speed and merge advisories 
Speed and closure advisories 
Merge and closure advisories 
Closure advisory 
Two-line versus three-line device 

Note: 1 ft= 0.3 m; 1 mile = 1.6 km. 

Display 

AIOHT LANE 
CLOSEO AHEAO 

ILOWTO 
45MPH 

Data Base 

Georgia 
Colorado 
California 
South Carolina 

South Carolina 

California 

in advance of the taper) indicated a dramatic reduc
tion in the proportion of closed-lane traffic for 
the advance CMS schemes. No statistical differences 
were noted between the advance CMS conditions. 
However, a tendency was seen in the data for the 
earliest preparatory lane changing to occur in the 
presence of a CMS at the 0.75-mile advance location 
and supplemental arrowboard at the 2000-ft location. 

Message Condition 

The four tested message conditions were speed and 
closure advisory, speed and merge advisory, merge 
and closure advisory, and closure advisory. All 
four conditions were tested at the South Carolina 
site and the results obtained were used as a basis 
for message application at subsequent sites. 

The majority of this data base was gathered by 
using the two state standard speed and closure and 
speed and merge advisory messages. Only limited 
data were available for the remaining two condi
tions, as these represented deviations from state 
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standards. Improved lane-distribution profiles were 
associated with the use of speed and merge advisory 
messages. 

Display Type 

Data gathered at the California site permitted a 
direct comparison between the two-line rotating-drum 
device and the three-line bulb-matrix sign because 
both devices could be separately tested at one lane 
closure. Figure 3, previously presented to show 
baseline versus CMS application, also plots the 
comparative effect of the CMS display types. A 
prominent difference in observed effects between the 
two- and three-line devices was a smaller proportion 
of vehicles present in the closed lane at the CMS 
point while the three-line device was displayed. 
This difference between device types did not con
tinue, however, into the intermediate and taper 
observation points. 

An explanation of the lower closed-lane volume at 
the CMS point during the presence of the three-line 
device likely resides in the fact that the device 
itself is large and highly visible at a substan
tially greater lead distance than is the two-line 
CMS. There was no possible sight-distance differ
ence effect because both devices were deployed at 
the same location. The data strongly suggest, 
however, that increased obtrusiveness of the sign 
itself did not serve to reduce closed-lane occupancy 
closer to the taper. 

Although no difference in late exit behavior was 
noted between the two devices for the total vehicle 
sample, a different effect was observed for the 
truck population. Fewer trucks were observed to 
perform late exits during the presence of the two
line device. 

Speed Observation Findings 

A sample of 41 463 vehicle speed observations re
vealed an effect of CMS application at the construc
tion site lane closures. Data-collection points on 
the approach were the same as those previously 
discussed for lane-distribution results. A large 
data base (N = 30 790) was initially collected in 
South Carolina to examine relative effects associ
ated with specific CMS conditions. A number of 
message and placement variations were compared. The 
South Caroline data-collection effort was limited 
due to state CMS use requirements and consequent 
liability concerns that precluded testing a base
line. Baseline conditions were subsequently com
pared with CMS application effects in Georgia, 
Colorado, and California. 

Unlike the lane-distribution results, substantive 
conflicting findings were noted between sites. 
However, a number of distinct tendencies were found 
in the data to support the finding that certain 
speed effects did result from CMS use. 

CMS Application 

Comparison between baseline and CMS conditions 
revealed speed reductions to be associated with 
speed advisory messages under most circumstances. 
The only exception was one site that exhibited low 
preexisting speeds of approximately 47 mph (75 
km/h). No reduction was noted at the taper in the 
presence of a speed advisory CMS that requested 
reduced speeds of 45 mph (72 km/h). 

Extensive speed measurements during baseline 
versus CMS-application comparisons were made in 
Georgia by using a one-line bulb-matrix CMS. Al
though no speed advisory message was displayed on 
the device, generally lower speeds indicated a 
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Figure 2. Lane distribution profiles for right-lane baseline and CMS use condi
tions (Colorado and Georgia samples). 
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Figure 3. Lane distribution profiles for right-lane baseline and CMS use condi
tions (California sample). 
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possible residual effect of motorists' increased 
awareness of the hazard. Because of the transient 
nature of construction activity, a more controlled 
experimental approach was applied at subsequent 
sites. 

A modified procedure applied in Colorado and 
California entailed concurrent baseline and CMS-con
dition data collection within a period of a few 
hours. The advantage was that effects of geometry 
(previously noted on many occasions to obfuscate 
effects of the CMS) were eliminated by conducting 
both the before and after studies while construction 
crews were working at one point. Although sample 
sizes were obviously restricted by using this proce
dure, a sufficient number of observations were 
nevertheless obtained to support statistically 
reliable significance tests. 

This procedure was used to compare the speed 
effects of all three CMS devices at one California 
site. The devices and displayed messages were as 
follows: 

1. One-1 ine bulb matrix; two-phase message ( two 
words flashed at a time); "Slow to 45 mph"; 

2. Two-line rotating drum; single-phase message 
(all words continuously displayed); "Slow to 45 
mph"; and 

3. Three-line bulb matrix; single-phase message 
(all words, flashing display); "Reduce Speed, 45 
mph". 
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Figure 4. Lane distribution for right-lane closures with advance CMS deploy
ment. 
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The table below gives the results of the compari
son (1 mile= 1.6 km): 

seeed (meh) 
Corrected 

Device Control Exeer imental Reduction 
No CMS 62.5 63.7 N/A 
One-line bulb 62.l 56.3 7.0 

niatrix 
Two-line rotating 63.0 56.6 7.6 

drum 
Three-line bulb 63.7 57.7 7.2 

matrix 

Note that in the absence of a CMS, speeds at the 
taper averaged 63. 7 mph (101.9 km/h). Minor speed 
changes (day-to-day effects, etc.) were noted at the 
control location as average speeds varied from 62.l 
to 63.7 mph (99.4-101.9 km/h). The table notes that 
reduced speeds were observed at the taper during the 
presence of each CMS device. These reduced speeds 
ranged from 56.3 to 57.7 mph (90.1-92.3 km/h), which 
indicates significant reductions of 6 .o to 7. 5 mph 
( 9. 6-11. 8 km/h) below speeds observed when no CMS 
was present. 

The applied experimental design permitted the 
computation of a corrected speed reduction, which 
compensates for speed fluctuations observed at the 
control site. As an illustration of the speed-cor
rection procedure, note that speeds at the control 
site dropped 0.4 mph (0 . 6 km/h) [62.5 to 62.l mph 
( 100. O to 99. 4 km/h) I between data-collection pe
riods for the no-CMS and one-line CMS conditions. 
Thus, the observed 7.4 mph (11.8 km/h) (63.7 to 56.3 
mph (102.0 to 90.l km/h)] experimental site speed 
reduction, ostensibly elicited by the one-line CMS, 
was corrected by subtracting 0.4 mph to show the 
true effect. 

The result of this experimental proc
0

edure indi
cated that each CMS device had a significant speed
reducing effect. Statistical tests indicated no 
difference between effects of the three devices. 

Placement and Message Condition 

Speed measurements gathered for a sizable vehicle 
sample (N = 30 790) proved to be more than adequate 
to statistically determine mean differences for a 
variety of CMS placement and message conditions . 
One notable tendency from the data was that place
ment seemed to affect spe eds at the intermediate and 
taper data-collection locations. CMS deployments 
that use a device at the o. 75-mile advance location 
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resulted in lower mean speeds, No similar trend was 
noted for message content. 

Display Type 

Results previously given in the above table support 
the finding that no appreciable differential speed 
effects were obtained between the tested one-, two-, 
and three-line formats. Although greater speed 
reduction was associated with the rotating-drum 
display than for either of the bulb-matrix signs, 
this difference was not statistically significant. 

Questionnaire Findings 

The human factors portion of the study involved 
application of a questionnaire to 489 subjects in 
order to gather measures of driver detection, recog
nition, and comprehension of the CMS devices. 
Characteristics of the subjects were controlled in 
order to ensure representativeness of the driving 
public. 

Many statistically significant differences were 
found to distinguish between CMS conditions. In 
certain instances, questionnaire findings were seen 
to refute or clarify traffic-operation findings, In 
all cases of departure from traffic-operation re
sults, findings based on questionnaire data were 
deemed highly credible because of the controlled 
nature of this experimental method. Questionnaire 
findings did not tend to refute the more convincing 
findings based on traffic-operation data (e .g,, CMS 
improvement over baseline condition). Questionnaire 
findings are separately discussed, which reveal 
effects of CMS application, placement, message 
condition, and format. 

Application 

Certain questions were designed to determine whether 
or not drivers sensed general device improvement 
during the application of CMS devices. Two ques
tions at the outset of the questionnaire requested 
drivers to provide a general rating of the overall 
adequacy of the traffic-.control devices and to rate 
the signs as to how helpful they were. Each ques
tion was posed prior to any questionnaire reference 
to the CMS, These two questions were provided as 
follows: 

1. In this driving test, you have just passed a 
highway area which is under construction. 
Please rate the overall adequacy of the con
struction warning devices (signs, barricades, 
etc.) according to the following scale. 

2. 

Very 
poor Poor Border line 
1 2 3 

Please rate the signs 
think t:hey 

Not at all 
helpful 
0 

were. 

Somewhat 
helpful 
1 

as 

Very 
Good good 
4 5 

to how helpful 

Extremely 
help:f:ul 
2 

you 

Comparisons between baseline and CMS-application 
conditions at all sites demonstrated an increase in 
the warning-device adequacy and sign helpfulness 
rating during the presence of any CMS device. In 
orie isolated instance (e.g., two-line rotating-drum 
device based in Colo'rado) the increase was not 
statistically significant, however, high statistical 
significance wss most frequently obtained, 
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Placement 

Al though mixed responses were obtained between CMS 
conditions that employ one and two devices, results 
more often favored the use of two devices. Higher 
detection rates and fewer complaints about providing 
inadequate information were associated with the use 
of two devices. In view of the fact that two-device 
arrays contained considerably greater amounts of 
information, lower average message recall scores 
were associated with their use. The trade-off 
between greater observation rate versus lower ver
batim recall rate is interpreted to favor the use of 
two CMS devices. 

Differences in questionnaire scores were noted 
between two message conditions (speed and closure 
and speed and merge), present with and without the 
use of supplementary advance devices. In each case 
a significant improvement in reported read and react 
time was noted in the presence of the advance device. 

Message Condition 

Questionnaire results heavily favored the use of 
speed and closure advisory messages. General device 
adequacy and sign helpfulness ratings, noted earlier 
to distinguish between baseline and CMS-application 
conditions, were also sensitive to CMS message 
differences. Higher ratings based on these two 
scores were associated with use of the speed and 
closure message than with others tested. However, 
in this case no increase was noted for the addition 
of the supplementary advance CMS. 

Both with and without use of the supplemental 
CMS, the amount of information shown in the CMS 
array was approved most often during the presence of 
speed and closure advisories. Drivers reported that 
the speed and closure message was the easiest to 
read and that they most frequently modify their 
driving during its presence. This latter finding 
was validated by comparing vehicle behavior that had 
been matched for questionnaire responses. The 
validation procedure demonstrated that motorists 
interviewed during the presence of the speed and 
closure message made earlier preparatory lane 
changes and entered the taper area at lower speeds 
than those interviewed during the presence of other 
message conditions. 

Another questionnaire finding, which refutes 
advantages shown in the traffic-operation data to be 
apparently associated with the speed and merge 
advisory, was that CMS devices were more often rated 
as being less helpful while this message was dis
played. Moreover, low-CMS helpfulness ratings were 
indicated, and the amount of information shown was 
criticized as being inadequate for the Lane Closed 
Ahead message in the absence of sp-ecifying which 
lane was closed. The closure advisory message was 
most often correctly recalled. 

Display Type 

A number of differences were found between CMS 
display types, Lower overall device adequacy and 
sign helpfulness ratings were associated with the 
two-line rotating-drum sign. The one-line bulb-ma~ 
trix sign drew less driver approval of the amount of 
information showni moreover, dt ivers reported less 
available time to read and react to it both when 
used alone and in combination with the three-line 
bulb-ma tr ix device. Moreover, when the three-1 ine 
devic·e was used alone, drivers more ofteri reported 
seeing this deVice and rated it as being helpful. 

The questionnaire item that provided t:he greate$t 
distinction between CMS device types was the fellow
ing question: 
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16. What changes would you want to see made to 
this sign? 

Overall size: 
Larger 

---Smaller 
Neither 

Letter size: 
___ Larger 
___ Shorter 
___ Neither 

Letter brightness: 
___ ....:Brighter 

Dinuner ----_ ___ Neither 

Message length: 
___ ....:Longer 
____ Shorter 
___ ....:Neither 

Table 2 sununarizes the percentage of drivers who 
approved of (wanted no change in) overall CMS size, 
letter size, letter brightness, and message length 
for each of the tested devices under both day and 
night conditions. Certain significant differences 
were noted in these percentages. Lowest approvals 
of overall device size and message length (71 and 68 
percent, respectively) were seen for the one-line 
bulb-matrix device. In addition, lesser approval of 
letter brightness was noted for the two-line rotat
ing-drum sign both for day and night conditions. 
This latter comparison rated the difference between 
the bulb-matrix and rotating-drum CMS formats. Note 
also that significantly more drivers approved of the 
letter size associated with the three-line sign. 

Va.lidation of Questionnaire CMS Response 

Two validations of subject questionnaire response 
were obtained on the basis of matched vehicle per
formance. South Carolina drivers interviewed during 
the presence of the speed and closure advisory 
message indicated that they responded to the CMS by 
slowing down and making earlier preparatory lane 
changes. Their self-reports were validated by 
matching observed lane-change behavior and comparing 
it with lane-change and speed behavior observed 
during other sign conditions. A positive validation 
was based on significant differences in average 
behaviors between the groups of drivers. This 
comparison indicated a significant tendency for 
drivers interviewed during the presence of the speed 
and closure advisory sign to exit the closed lane 
prior to reaching the intermediate data-collection 
point at an average speed of 49.6 mph (79.4 km/h), 
while interviewed drivers during other CMS condi
tions tended to change lanes beyond the intermediate 
point and their speeds averaged 53.4 mph (85.4 km/h). 

Another statistical check on questionnaire valid
ity, as well as CMS effectiveness, examined speed 
differences for drivers who saw the CMS versus those 
who did not see the CMS. Driving groups exposed to 
two different CMS conditions (one containing speed 
advisory information and not containing any speed 
message) were each taken from large homogeneous data 

Table 2. Percentage of driver approvals of specific CMS design elements. 

Day Night 

One- Two- Three- Two- Three-
Line Line Line Line Line 

CMS Bulb Rotating Bulb Rotating Bulb 
Characteristic Matrix Drum Matrix Drum Matrix 

Overall size 71, 81 88 100 80 
Letter size 70 70 90t 100 100 
Letter 77 54, 76 50 80 
brightness 

Message 681 83 82 75 80 
length 

Nole: ~ indicates existence and directionality of difference obtained between this 
and other CMS devices 
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bases (South Carolina and California). All of the 
South Carolina sample (N = 140) were exposed to a 
CMS speed advisory while the California group (N = 
96) were exposed to merge or closure advisories. Of 
the total sample, 161 drivers saw the CMS and 75 did 
not. The matrix depicted in the table below indi
cates a significant speed reduction for drivers who 
saw the speed advisory CMS while no statistical 
difference was noted for the nonspeed advisory 
messages (note: l mile = 1.6 km: * = significant 
reduction): 

Item 
Speed advisory 
No speed advisory 

SUMMARY 

Average Speeds (mph) 
Did Not 

Saw CMS 
50.0* 
57.7 

See CMS 
52.0 
58.0 

Before-and-after studies (CMS versus no-CMS condi
tions) conducted in three states consistently demon
strated beneficial traffic-operation effects that 
resulted from CMS application. Increased advance 
preparatory lane-change activity, smoother lane
change profiles, and significantly fewer late exits 
[exit from closed lane within 100 ft (30 m) of 
closure] were observed in each state. Reduced 
average traffic speeds approaching the taper were 
observed at locations characterized by preexisting 
speeds in excess of 48 mph (77 km/h). All tested 
CMS devices were nearly equal in their effective
ness. However, an observational study conducted in 
a fourth state demonstrated that advance placement 
0.75 mile from the closure produced improved results 
by comparison with a 2000-ft advance placement , 

Effectiveness differences between message condi
tions were not clearly discernible on the basis of 
lane-change behavior for the total traffic sample. 
However, driver interviews consistently favored the 
speed and closure (e.g., Right Lane Closed: Slow to 
45 mph) message combination. Driver ratings of the 
adequacy of traffic-control devices were highest 
during the presence of this message. Drivers re
ported that this message was the most helpful of all 
tested, it was the easiest to read, it met their 
information needs, and they were most likely to 
change lanes early and reduce speed when the speed 
and closure message was displayed. Vehicle perfor
mance exhibited by interviewed drivers confirmed the 
validity of this latter claim. 

A single traffic behavioral difference was ob
served between various CMS display types. More 
preparatory lane-change behavior was observed O. 75 
mile in advance of the closure during the presence 
of a three-line bulb-matrix device. However, no 
lane-distribution differences were observed closer 
to the taper between this display type and the 
others tested, i.e., a two-line rotating-drum and a 
one-line bulb-matrix device. 

Driver questionnaire data indicated a clear 
preference for CMS devices that displayed more 
information at a single glance. A three-line device 
was rated as being more helpful and more likely to 
provide necessary information than either a one- or 
two-line device. Sign letter brightness associated 
with the bulb-matrix format was favored by motorists 
over that of the rotating-drum format. Reported 
rates for drivers who saw the CMS did not differ 
between device types. 

Vehicle performance data were coupled with driver 
interview responses to validate findings of the CMS 
evaluation. As previously noted, interviewed 
drivers reported more slowing and earlier lane 
changes in response to the speed and closure ad
visory, and they actually differed in those respects 

... 
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from interviewed drivers exposed to other message 
conditions. Also, separate analyses of drivers 
seeing versus those not seeing CMS devices that 
contained speed advisory messages verified the 
observed total traffic effect of reduced speed 
response to the appropriate CMS message. 

While improved traffic behavior was convincingly 
demonstrated to occur with CMS use, it was re
peatedly shown that beneficial effects can be over
ridden by such factors as roadway geometry. For 
example, CMS observation by drivers was shown to be 
affected by traffic volume and sight distance to the 
device. Effects of grade and interchange proximity 
were seen to obfuscate speed and lane-change re
sponses otherwise elicited by CMS devices. 

CONCLUSIONS 

Numerous substantiated results that CMSs tend to 
improve traffic flow on the approach to construction 
zone lane closures support their limited applica
tion. The associated smoother lane-change profiles 
can potentially reduce side-swipe and rear-end 
accidents on the construction zone approach, and the 
reduced speeds may increase safety for construction 
zone workers. 

Yet, that beneficial effects of CMS were often 
seen to be overridden by specific highway geometric 
conditions points out the need for their judicious 
application (as is the case with traffic-control 
devices in general). Furthermore, any conclusion 
regarding the effect of CMS devices must emphasize 
that these devices are to be considered supplemental 
in nature to standard traffic-control schemes cur
rently in use rather than a substitution for any 
specific device. 

Suggested cost-efficient CMS applications are as 
follows: 

1. Short-term closures characterized by decreased 
driver expectancy, 
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2. Minimum traffic volumes of 900 vehicles/h, and 
3. Limited sight distances to the closure. 

Four specific guidelines for CMS application 
resulted from this research: 

1. Device format should permit 
information display at a glance 
line presentation format with a 
message phases), 

maximum amount of 
(i.e. , use three

maximum of two 

2. CMS devices should be located o. 7 5 mile in 
advance of closure, 

3. CMS devices are to be considered supplemental 
in nature to currently applied standard traffic-con
trol device schemes, and 

4. CMS devices are not to be considered as an 
alternative to the arrowboardi arrowboard placement 
and brightness have a considerably greater impact on 
operational safety than does CMS use. 
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Reading Time and Accuracy of Response to Simulated 
Urban Freeway Guide Signs 

ROGERW. McNEES AND CARROLL J. MESSER 

The results and methodology used in a laboratory study to determine motorists' 
time required to read urban freeway guide signs and the accuracy with which 
they read the signs are presented. The study was performed by using licensed 
drivers as subjects. The subjects, ranging in age from 18 to 79 years, were taken 
along a hypothetical urban freeway route where 2-, 3-, 4-, and 5-panel signs 
were used. A sign bridge typically has between one and four sign panels that 
have a green background and a white border around each panel. Each panel 
contains one or two route designations, one or more destination cities, and 
additional action messages. Each panel contained either 2, 4, 6, 8, or 10 units 
of information. The results of this study indicate that the optimum accuracy 
level was about 6 units of information/panel. When the information level was 
less than 16 units, 100 percent of the subjects could read the signs acceptably; 
when the level was between 16-30 units, 51 percent could read the sign ac
ceptably; and when the level was between 31-50 units, only 33 percent could 
read the sign acceptably. It is apparent that route-selection accuracy decreases 
as the number of route choices increases. On a large sign (3 or more panels), 
the information content should not exceed 16 units of information/sign 
bridge. The time required to read a sign also increases with the number of 
route choices and total information on the sign. 

Extensive research in the area of sign reading began 
in the late 1930s and continues even today. These 
efforts have mainly been concerned with the physical 
dimensions of the lettering, types of sign, illumi
nation and reflectorization, recognition and ef
fectiveness, message content, and placement in rela
tion to the driver's cone of v1s1on and line of 
sight. These research efforts have led to the de
velopment of standards that apply to alphabets and 
numerals used on the signs. The Federal Highway Ad
ministration (FHWA) has a standard alphabet that 
dictates the letter series to be used in the design 
of exit-direction signs. The standard alphabet used 
on overhead exit-direction signs is the series E(M) 
alphabet. These letters are designed in such a way 
that they can be seen by a person with 20-20 vision 
at a distance equal to 60 ft/in of letter height. 
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This means that if the sign has 15-in letters, it 
can be read at 900 ft. 

These factors have been related to both lateral 
and longitudinal sign-placement locations. The im
plication of research in this area for longitudinal 
sign placement is that an effective sign affords a 
longer sign-reading distance; thus maneuvering can 
be initiated earlier. Hence, the greater the dis
tance at which the sign can be read, the shorter the 
distance it needs to be placed upstream of the deci
sion point. 

Forbes and Holmes (ll studied legibility with re
gard to letter height, width, and reflectorization 
in the laboratory situation. Tests of series B 
(narrow) and series D (wide) letters were made dur
ing daylight and at night. The daylight visibility 
distance for subjects with 20/40 visual acuity 
(average) was 33 ft/in of letter height for the B
series letters and 50 ft/in for the D-ser ies let
ters. At night there was a 10-20 percent loss in 
legibility for both letter series. They also found 
that at night reflectorized letters against a dark 
background were as legible as floodlighted letters; 
however, there was a 30-40 percent loss of legibil
ity distance when the signs were lighted by low 
beams. 

Richards (_~) reviewed research concerned with 
visibility of signs during night driving. Night 
visibility of signs depends on their size, reflec
tivity, and illumination. Reflectorized signs de
pend on the amount and the angle of illumination for 
the sign to be most effective with regard to legi
bility. 

Straub and Allen (}) in a laboratory study in
vestigated the effects of vehicle illumination on 
sign placement. The laboratory studies consisted of 
several types of reflective signs that were illumi
nated by a vehicle headlamp. The sign position was 
changed to correspond to different placement loca
tions on a highway. The level of illumination re
flected for each type of sign was determined by 
using a light meter. For overhead signs, the study 
showed that heights 5-8 ft above the pavement were 
more easily read than those placed higher. For 
roadside signs it was found that signs should be no 
more than 6 ft from the road edge for optimum head
light luminance. The authors found that both beams 
result in the highest sign luminance between 200 and 
300 ft from the sign. 

Allen (!) performed a field study to compare day 
and night legibility of different types of static 
highway signs. The subjects were placed in a ve
hicle that traveled on a straight flat section of 
rural highway in which a test sign had been 
erected. The sign contained several four-letter 
words that the subjects were told to read. These 
same 48 subjects participated in both the day and 
night observations. The letters were standard 
series E with a widened stroke. Letter heights were 
8, 12, 15, and 18 in. These signs were illuminated 
by a rheostat-controlled bank of tungsten lamps 
placed on the side of the roadway at levels of O .1, 
1.0, 10.0, and 100.0 footlamberts. The findings 
were that average daytime legibility distance was 
about 88 ft/in of letter height. On average, opt-i~ 
mally illuminated signs (10 footlamberts) were ap
proximat'ely l.5 percent less than daylight legibility, 

Roberts (.2_) also studied the effects of roadside 
placement of signs on legibility distance. He found 
that if the signs were placed less than 30 ft from 
the edge of the road, the legibility of the sign was 
greater than 50 ft/in of letter height. Signs 
farther than 30 ft from the edge had a legibility of 
less than 50 ft/in of letter height. 

Ivey and others (6) performed a field test of the 
effects of rain on ;isibility and the opetation of 

Transportation Research Record 844 

the motor vehicle. They used four different tar
gets, selected to be representative of highway ob
stacles, to determine the visibility distances from 
inside an automobile during natural rainfall. The 
simulated rainfall represented 0.5, 1.0, 1.5, and 
2.0 in of rain/h. This test indicated that object 
size and contrast with road surfaces were factors 
that have a significant effect on visibility during 
various levels of rainfall. 

Messer and others (7) performed a controlled 
field study to determine the legibility distance for 
words on a matrix changeable message sign. Three 
four-letter words with 18-in letter heights were 
used in the study. All tests were performed during 
the day and the drivers were not task loaded. The 
results of the test indicated a mean legibility dis
tance of 46.6 ft/in of letter height, or 830 ft, 
only slightly less than the 50 ft/in rule-of-thumb 
for static signs. 

One of the critical elements in motorists' use of 
urban freeway guide signing is the time they require 
to read and react to navigational messages presented 
to them. Surprisingly, there is little literature 
specifically related to the subject. King (~) pre
sented an analytical analysis of signing in 1970 in 
which the sign-reading literature was summarized. 
Two equations for determining the time required to 
read a sign were presented. King pointed out that 
Mitchell and Forbes recommended using Equation l 
when the sign contained more than three words. 
About l s was recommended as the time required to 
make a single glance. Forbes also stated that an 
ordinary person can read three or four familiar 
words during a single glance. 

t = (N/3) + 1.0 (!) 

Work by the British Transport and Road Research 
Laboratory presents an alternative (Equation 2), 
which calculates reading time to determine letter 
size requirements. This equation is as follows: 

t = 0.31N + 1.94 (2) 

In both equations, t is the reading time and N is 
the number of familiar words on the sign, 

Abramson (~) expanded this definition of N to in
clude numerals together with familiar shapes and 
symbols, such as route shields and lane-assignment 
arrows. No experimental evidence for this expanded 
definition was given. One may conclude that the 
time required to read a familiar word is assumed to 
be about 0.31 s/word. 

As is evidenced by the previous equations, it is 
generally believed that unfamiliar motorists req'uire 
more total time to read the information on a sign as 
more words are added to the message. It is assumed 
in the models that the increase in time is a linear 
constant with the number of words, although this as
sumption is questionable. By using King's expanded 
definition of N, the reading time required of a 4-
panel overhead guide sign might require a total of 
14.3 s to read, assuming each panel had 10 words on 
it. Personal driving experiences would suggest that 
14.3 sis an unreasonably long required readfng time. 

Mourant and others (10) used a·n eye-marker camera 
t·o record a driver's visual search and scan patterns 
under three levels of route familiarity (mediated by 
instructions) and two driving conditions (open driv
ing and steady-state car following). The drivers 
drove on an exp·ressway rou'te for which they had 
memorized a set of directions. They were instructed 
on trial 1 to read all road signs as a driver who is 
unfamiliar with the route must do; on trial 2 to 
read only those signs necessary; and on trial 3 try 
not to read any signs, as the driver who is very 
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familiar with the route does. The results showed 
that for open driving the visual patterns shifted to 
the left and down and showed more compactness as a 
function of trials. In addition, the percentage of 
time spent viewing road signs and the saccadic 
travel distance to fixations on other traffic, road 
and lane markers, and bridges and road signs de
creased as the driver became more familiar with the 
route. For car following, the increase in compact
ness of the visual patterns over trials was pro
nounced, but there was no change in the center of 
location of the visual pattern. Compared with open 
driving, the travel distances for car following were 
greater when looking ahead and at bridges, road 
signs, and other vehicles. However, drivers in the 
car-following condition spent less time reading road 
signs, which indicates that they used the lead car 
as an aid for route guidance. Possible visual aids 
for decreasing the driver's visual workload under 
today's driving conditions were discussed. 

Bhise and Rockwell (11) conducted a study to 
develop a methodology to evaluate signs by determin
ing the degree of match between the characteristics 
of the sign, the abilities of the driver, and other 
components of the highway such as traffic and road 
geometrics. An eye-marker camera was used to obtain 
data on driver eye movements while reading 400 
Interstate highway signs. The authors employed both 
laboratory and field studies to obtain the required 
data. By use of the eye-marker camera, it was 
determined that the drivers eyes do not continually 
sample information but make successive discrete 
fixations. A driver acquires information only dur
ing a fixation that is between 100-600 ms in 
length. For the information to be available to the 
driver, it must be resolvable. A computer program 
(sign evaluation by analysis of driver eye movements 
(SEADEN) J was developed to determine the eye fix a
t ion that provides resolvable information about the 
sign to the driver by using eye-movement data, road
way geometry, velocity profile and path, sign char
acteristics, and visual acuity. SEADEN also com
puted various time-distance relations that concern 
the resolvability of the information on the sign. 

The results indicated that the drivers first ob
tained this resolvable information from the aware
ness of the legibility of the maximum-sized let
ters. When the ratio between the distances at which 
the sign becomes legible and the distances of the 
driver's first fixation is 1.0, then the driver ac
quires information as soon as the sign becomes vis
ible. This ratio decreases when the driver's visual 
load increases. When there is a sequence of signs, 
the driver spends more time in acquiring information 
on the first and last sign. As the driver becomes 
more familiar with the sign, he or she requires less 
time to obtain the information, and the driver time
shares between the sign and the road while obtaining 
the information. Bhise and Rockwell (11) also found 
that when drivers were searching for the mileage to 
a given destination, it required between 1.6 and 2.2 
s when there was between 2-4 words on the sign and 
between 2.2 and 2.3 s when the information load in
creased from 4 to 10 words, When the driver was 
searching for a particular destination that was pre
sented on the sign, he or she required between 1.7-
2. 2 s for 2-4 words and 2. 2-2. 4 s for 4-10 words, 
and when the driver was searching for a destination 
not presented on the sign, the driver required be
tween 1.65-2.6 s for 2-4 words and 2 . 6-2.9 s for 4-
10 words/sign. 

These studies indicate that various researchers 
have done some studies in the area of information 
loading; however, a great deal more needs to be ac
complished. It is not only sufficient to know how a 
driver acquires the information and the time and 
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distance required. It still remains to be deter
mined at what information level do drivers become so 
inundated with information that they cannot possibly 
acquire it and therefore start making errors in 
their control and navigation tasks of driving. This 
research focuses on that problem. 

RESEARCH OBJECTIVES 

The objectives of this study were (a) to determine 
the time required to find and read the correct test 
sign panel (that sign that gives the subjects in
formation about their destination) embedded on a 
simulated urban freeway sign-bridge structure, and 
(b) to determine the accuracy of the selection pro
cess as related to sign design ( information pre
sented) and reading time. The research objectives 
were addressed in a laboratory environment by using 
licensed drivers as test subjects. The responses of 
these subjects to 35-mm slides of signs projected on 
a screen were recorded and evaluated. 

STUDY VARIABLES 

The specific magnitudes and variables studied during 
this phase of the research effort were as follows: 

1. The number of panels per overhead-sign struc
ture (2, 3, 4, and 5 panels), 

2. The number of units of information on each 
panel (2, 4, 6, B, and 10 units), 

3. The display time available for subjects to 
read the signs (2.5, 4, and 6 s), and 

4. The percentage of subjects giving the correct 
response. 

A discussion of these variables follows. 

Number of Panels 

The number of panels selected for study includes al
most all likely overhead sign designs. Most over
head guide signs in large cities have 3 or 4 sign 
panels/sign structure. A few signs have 5 panels on 
them. In the fringe area of cities and in smaller 
cities and towns, 2- and 3-panel signs are more com
mon. A typical sign panel has a green background 
(route-guidance information) and a white margin 
around it and usually contains an exit number, route 
number, cardinal direction, two destinations, and an 
exit direction for a total of 6 uni ts of informa
tion. Sign panels that have up to 10 units of in
formation have been observed at major interchanges. 

Units of Information 

The following list illustrates what is defined in 
this study as a unit of information: 

1, Place name (Denver), 
2. Street name (Lamar Street) , 
3. Route number (I-95), 
4. Cardinal direction (North), 
5. Exit number (Exit 243A), 
6. Command (Exit), 
7. Distance (0.5 mile), 
8. Lane-use arrows (~), 
9. Junction (Jct), and 

10. Exit Only. 

Some dif:t:erences of opinion and need for discre
tion are to be expected in applying these measures. 
For example, all lane-use arrows to the same desti
nation are counted as one unit of information. Some 
complex traffic facility names, particularly free
ways like Central Expressway or Santa Barbara Free-
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Figure 1. Three-panel, 4-unlts/panel test sign. 

• •• 1 I 4 

way, may be considered two units of information be
cause of their size and possible confusion with a 
destination city, 

The sign presented in Figure l illustrates a 
simulated sign used in this study that has 3 pan
els/sign structure with 4 units of information/ 
panel. One should keep in mind that information 
rates in reality are only those messages that are 
needed and evaluated by the driver and may not be 
accurately reflected by the total content of all the 
words, numerals, and symbols on a sign. 

Display Time 

The projection or display times of the slides of the 
signs in the laboratory simulated the total time a 
motorist may have available to read freeway guide 
signs in a typical urban freeway traffic environ
ment. The reading time is only a portion of the 
total time that the sign is visible. It is also 
less than the total static legibility distance (or 
time) , which is less than the visibility distance 
(or time). The reason for this latter reduction is 
that motorists must time-share reading signs with 
other driving tasks, such as lane tracking and 
avoiding adjacent traffic. In addition, the last 
150 ft or so immediately in advance of the sign is 
likely to be difficult to read due to the large ver
tical angle and relative motion of the sign with 
respect to the driver's visual scene. 

The display times provided for reading the signs 
in the laboratory were selected to represent ex
treme, minimum, and desirable traffic (and design) 
condition.;. High-quality guide signs are readable 
for most people in the absence of obstructions, be
ginning about 900 ft away, or 11 s of lead time. De
ducting 2 s for clearance of the sign and 50 percent 
of the rema1n1ng time as required for conducting 
other driving tasks leaves 4,5 s available for sign 
reading. From a conservative design viewpoint, it 
would be desirable to provide freeway motorists with 
perhaps 6 s of unobstructed reading time in an un
loaded driving-task condition for each overhead 
freeway guide sign. The motorists would take a por
tion of that time (perhaps 4 s) to select the ap
propriate sign panel by locating and reading the 
route number, cardinal direction, and destination. 
Some additional confirmation time might be allowed. 
A minimum acceptable design criterion might assume 
that the overhead guide signs were readable for at 
least 4 s, which reflects higher traffic congestion, 
more critical alignments, and higher probabilities 
for vehicle blockage of the signs. As the previous 
calculations showed, the laboratory display times of 
2. 5, 4, and 6 s seem to reasonably reflect extreme 
(unacceptable), minimum (acceptable), and desirable 
available reading times. 

Accuracy 

Accuracy of subject responses (selection of the 
proper sign panel that gives destination informa
tion) was measured in addition to reading times. 
The percentage of correct reponses based on the 
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total laboratory subject population was determined 
for each test condition. It was expected that as 
the total information load increased and as the dis
play time decreased for the same level of ex
perience, accuracy levels would drop. An uninformed 
(or first-try) accuracy rate of 85 percent was ar
bitrarily selected as the minimum acceptable ac
curacy level. 

RESEARCH METHODOLOGY 

Two similar laboratory studies were conducted in an 
effort to accomplish the study objectives. In both 
studies, laboratory subjects were asked to follow a 
hypothetical route through an unfamiliar city based 
on (a) navigational directions provided by a sche
matic map of the area and (bl simulated guide sign
ing presented by 35-mm slides at 22 locations along 
the route. A total of 87 subjects participated in 
the first laboratory study. The second study, con
ducted one year later, contained 70 subjects taken 
primarily from the same subject pool. The subjects 
ranged in age from 18 to 79 years, with a medium age 
of 34 years. Approximately 60 percent were male and 
40 percent were female, We were not controlling for 
visual acuity and we wanted a representative sample 
of the driving public. We did not determine the 
visual acuity for all of the subjects. A discussion 
of the components of the research methodology fol
lows. 

Trip Scenac ios 

Subjects approached the city of "Denver" from the 
southwest on I-50. They were then directed to fol
low the south loop around the city, and then were 
directed to take I-25 to Omaha. The subjects were 
advised of their trip before testing began. The 
loop route was selected to maximize the number of 
interchanges that could be conveniently studied. 

A set of 22 test signs that have preselected de
sign attributes was developed for testing as the 
subjects "drove" along the route. The 22 signs were 
composed of 4 types of panels by 5 levels of infor
mation-unit rates (20 test signs) plus duplicates of 
the 4xl0 and 5xl0 panels. An artist developed the 
test signs following the style (to some extent) of 
overhead freeway guide signs found in the urban cen
ters of Texas. Photographs of the simulated signs 
were taken and converted into 35-mm 2x2-in slides. 
one example of the 22 test signs was presented in 
Figure L The colors of the various sign elements 
were as close to the correct color as could be ob
tained. The background for all the signs was sky 
blue. 

The laboratory scenarios called for the slides to 
be projected in a sequence consistent with the simu
lated trip. The slides were projected on a built-in 
wall screen in the laboratory by using rear-projec
t ion techniques. Viewing conditions and legibility 
of the signs shown to the subjects were controlled 
to approximate the average legibility requirements 
of signs on freeways. The design, placement, and 
display of the test signs along the route were se
lected such that large differences between the 
amount of information on each sign were not placed 
on consecutive locations. One practice slide was 
provided at the start of the trip to acquaint the 
subjects with the laboratory testing procedure, Map 
slides, similar to Figure 2 but showing the present 
location of the trip, were alternated between the 22 
test signs so that the subjects, it was hoped, would 
know the information needed to navigate along the 
route. These slides were presented for 2 sand then 
advanced to the next test slide. 

The subjects were asked to select the sign panel 

-!-
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Figure 2. Map of hypothetical city and route used in sign-reading study. 
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that provided information to the final destination 
from the set of panels on the sign bridge. It was 
assumed, and stated in the laboratory, that the sign 
panels would be placed immediately overhead of the 
corresponding freeway lane to drive in. The lane 
(or sign) number selected was given in the slides 
for each panel. At the bottom of each sign panel, a 
number representing the position of that panel on 
the bridge was printed on the slide. 

Some subjects may have been confused in a few 
cases where the signing sequence (from the left) did 
not correspond to the lane assignments. For ex
ample, the first sign from the left may have been 
over lane 2 and the associated sign panel number 
would have been 2. To aid the subjects, the rela
tive positions of sign panels over specific lanes 
were consistently maintained throughout the study. 

Measurements 

Estimates of subject reading times of the signs were 
obtained from electronically timed measurements of 
the time the slide became visible (human-operator 
input) until the time each subject activated his or 
her recorder unit. A student responder was used in 
the laboratory study for the subjects to indicate 
which sign panel contained the information that he 
or she needed to follow his or her route. There 
were five buttons located on this responder that 
corresponded to the five possible positions for the 
sign panels. Under each sign panel was a number, and 
this number was then entered into the responder sys
tem by each subject if that panel contained the re
quired information. A recorder was at a master con
sole at the back of the room recording the number 
entered by each subject. One of five numbered but
tons could be selected, with the correct choice 
varying with each test sign. Subjects were asked to 
respond as soon as they were confident of their 
lane-assignment answer by pushing the corresponding 
numbered button on their data-recording unit. The 
accuracy of each response was also recorded for each 
subject. A maximum of five subjects could be tested 
at one time. 
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The subjects' average reaction time to a zero
level information sign was developed such that this 
reaction time could be subtracted from the overall 
response times so that the reading time could be es
timated. The zero-level information slides were 
slides that had a distinct red background with the 
message "Push Button No. l" on them. The subjects 
were shown one of the slides prior to testing, were 
informed of its purpose, and permitted to practice 
responding to it one time. The subjects were told 
that four of these slides would be randomly dis
tributed through their trip and to respond to it ac
cordingly. From these signs it was determined that 
an average subject population reaction time of 1.0 s 
existed. This time was subtracted from all measured 
response times to determine sign reading times. 

Test Sequence 

The 6- and 4-s display times were tested in the 
laboratory during March 1978. The sequence of pro
jection times began with 6 sand the subjects drove 
the trip not knowing that, after a 10-min break, the 
trip would be redriven by using the same set of 
signs but displayed at 4 s. This procedure did re
sult in some learning effect and improvement in re
sponse skill due to the previous experience. This 
was expected since the repeat test was conceptual
ized as a simulation scenario of semi-familiar urban 
freeway motorists who are experienced with the types 
and locations of decisions required. 

The 2. 5-s rate was a test to see how the same 
subjects would perform under anticipated and ex
pected high-stress levels. This study was conducted 
one year after the previous tests. Some 8 improve
ments to the original 22 signs were made to improve 
route following and were used during all three 
(2.5-, 4-, and 6-s) display-time tests. Some of 
these signs were creating biased results due to the 
location of the sign, the complexity of the sign, or 
the location of the sign panel on the bridge. 

RESULTS 

The results of the 6-, 4-, and 2.5-s display times 
are presented in the following sections. The re
sults show that the faster the display time, the 
faster the subjects responded. The results also 
show that, in general, the greater the information 
load, the slower the reading time. It is also im
portant to note that the faster the display rate of 
the greater information load on a sign, the lower 
the percentage of correct responses. Most anomalies 
in the results to follow can be explained by either 
the simplicity or complexity of determining the cor
rect sign panel (and lane) of a particular sign as 
tested in the laboratory. The subjects were told to 
select the sign that presented the information to 
their destination and then respond. They were not 
required to respond in a set length of time; there~ 
fore, the traditional speed-accuracy trade-off did 
not take place. However, after the test slide was 
removed from the subjects, it took longer to re
spond; thus, the response would be less accurate. 

Display Time of 6 Seconds 

A summary of the results for the 6-s display time, 
as presented in Figures 3 and 4, shows that the me
dian (50th percentile) reading time was 2.9 s and 
the 85th percentile was 4.6 s. The average percent
age of correct responses is 75 percent for 84 usable 
subjects. Some of the subjects did not answer with
in a reasonable time compared with the other sub
jects. Therefore, not to bias the time data, we 
proceeded to the next situation. Those subjects' 
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responses we did not take into consideration when 
determining the reaction time or the accuracy of the 
responses. 

There are some important trends to be noted that 
result from this study. As the amount of informa
tion units per sign panel (and total on the sign 
structure) increased, increased reading times and 

Figure 3. Reading times and percentage of correct responses for 2- and 3-panel 
signs at 6-s display times. 
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Figure 4. Reading times and percentage of correct responses for 4- and 5-panel 
signs at 6-s display times. 
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decreased accuracy levels generally were the re
sult. These inverse trends are interrelated as the 
following comparisons show. The average values of 
the 50th percentile reading times and 85 percentile 
accuracy levels for all 2-panel signs are 2.2 sand 
89 percent, respectively. On the other hand, the 
average values of the 50th percentile reading times 
and 85th percentile accuracy levels for all 5-panel 
signs are 3.3 s and 70 percent, respectively. As
suming that the 80th percentile correct response is 
selected as the minimum acceptable value, then four 
of the five 2-panel signs would be acceptable, 
whereas only one of the five 5-panel signs would be 
acceptable. The 6-unit 3- and 5-panel signs were 
selected v.ery accurately and with unusual speed as a 
result of the location during the trip scenario • 
The location of the test signs were randomly se
lected, which resulted in a certain amount of bias 
in the results. This was the cause of the very poor 
accuracy rate of the 6-unit 4-panel sign. These 
were 3 of the 8 changes made in the signs before the 
start of the second study, as described earlier . 

Display Time of 4 Seconds 

The 4-s display test was a repeat of the same 22 
signs used in the 6-s study. As noted previously, a 
break of about 10 min separated the two simulated 
trips. The subjects were given no advance clues 
that the second study was going to be a repeat of 
the first run. Some learning effects and skills im
provement were expected. The reason for the repeat 
laboratory test was that it might more readily simu
late a semi-familiar motorist who has driven the 
facility in the recent past. 

A summary of the 4-s display test is presented in 
Figures 5 and 6. The median (50th percentile) read
ing time was determined to be 2.0 s, the average 2.3 
s, and the 85th percentile 3.5 s. A mean percentage 
of correct response of 78 percent was obtained for 
84 usable subjects. This is a 3 percent increase 
above the initial run and illustrates subject im
provement due to learning and experience. 

The inverse relation between reading time and ac
curacy continued with the 4-s display experiment. 
For example, the average values of the reading times 
for all 2- and 5-panel signs were 1. 7 and 2. 3 s, 
respectively. That is, reading times increased with 
increasing information load. The respective ac
curacy levels, on the other hand, decreased from 89 
to 71 percent. Again, by ~sing 80 percent as a 
minimum acceptable accuracy level, all 5 of the 2-
panel signs performed acceptably. Only two of the 
five 5-panel signs had acceptable accuracy levels . 

Display Time of 2. 5 Seconds 

The 2. 5-s display-time laboratory was conducted one 
year after the previous two studies. Of a total of 
70 subjects, 67 usable subject responses were eval
uated. Some improvements to the design of 8 of the 
initial 22 t est s igns were made in addition to rear
ranging the tes t s equence for several of the 'modi
fied test signs to improve the logic of the signing 
sequence. As will be shown later, these modif ica
tions produced significant improvements in route-se
lection accuracy and clouded the aggregate accuracy 
results. 

A summary of the 2.5-s display test results are 
presented in Figures 7 and 8. The median (50th per
centile) reading time was calculated to be 1.7 s, 
the mean 1.8 s, and the 85th percentile 2.8 s. An 
average percentage of correct response of 78 percent 
was determined for 67 usable subjects. 

The inverse relation between reading time and ac
curacy level continued to be observed in this subse-
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quent experiment. The average of the 50th per
centile reading times was determined to be 1.7 s for 
all 2-panel signs and 1.9 s for all 5-panel signs. 
The average percentage of correct responses for all 
2-panel signs had accuracy levels above 80 percent. 
However, only two of the five 5-panel signs per
formed acceptably. 

Figure 5. Reading times and percentage of correct responses for 2- and 3-panel 
signs at 4-s display times. 

7 
2 PANELS 

6 

cJ 

"' 5 
Ill 

,J 
4 :r 

;: 
<!I 3 
l!!: 

~ 3 
85 o/o - lLE 

C 2 <( 

"' a: 

0 2 4 6 8 10 
UNITS OF INFORMATION PER PANEL 

7 
3 PANELS 

6 

cJ 
"' 5 II) 

,J 
:r 4 ;: 
<!I 3 :!: 

83 BO TI 

~ ILE 
C 
<( 2 
"' a: - -ILE 

0 2 4 6 8 10 
UNITS OF INFORMATION PER PANEL 

Figure 6. Reading times and percentage of correct responses for 4- and 5-panel 
signs at 4-s display times. 
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DISCUSSION OF RESULTS 

A discussion of the results of the three display
time experiments follows. Comparisons are made from 
among the accuracy and reading-time results. Useful 
research findings are drawn from these comparisons 
and analyses. 

Accuracy 

The ability of the laboratory subjects to select the 
correct sign panel was found to depend on several 
variables; namely, total units of information on the 
sign, display time, and experience. Sign modifica
tions also were found to impact accuracy results. 

Information 

A summary of the average percentages of correct re
sponse results by the sign-information test var i
ables--number of sign panels per sign structure and 
information uni ts per test panel--is presented in 
Table 1. At the outset, the sign-modification im
pacts between the 6- and 2.5-s display rates should 
be noted from Table 1. Of the 14 test signs not 
modified, 11 showed reductions in accuracy levels, l 
was unchanged, and 3 experienced slight accuracy in
creases. The mean percentage of correct responses 
of the data set dropped 5 percentage points on aver
age, from 82 to 77 percent. Of the 8 signs that 
were modified, all 8 showed increases in the per
centage of correct responses. The accuracy levels 
of the 8 modified signs increased 13 percentage 
points from 64 to 77 percent. Although there was no 
objective originally to suboptimize the sign de
signs, these findings do show that suboptimal sign 
designs can be significantly improved. 

If it is assumed that the 6-, 4-, and 2.5-s dis
play-test results represent samples of existing sign 
designs, reading requirements, and representative 
driver experiences for design-evaluation purposes, 
then the results of the 66 tests (3 display rates by 
22 test signs) may be pooled to analyze combined ac
curacy results. The following analyses are con
ducted under this assumption. 

The pooled accuracy results of Table l suggest 
that 6 units of information/panel are about optimum, 
which recognizes that 2 uni ts are not a practical 
value. This conclusion is drawn from a considera
tion of the average accuracy levels of the 2-, 4-, 
6-, 8-, and 10-unit signs in Table l (i.e., 86, 78, 
79, 70, and 73 percent, respectively). It can also 
be determined from Table l that the average percent
age of correct responses decreased with an increas
ing number of panels and with total information load 
I, where I is the product of number of panels P, and 
by the average number of units of information per 
panel B, or I = P x B. The average percentage of 
correct responses for 2-, 3-, 4-, and 5-panel signs 
in Table l is 87, 78, 73, and 71 percent, respec
tively. The average percentage of correct responses 
for I-levels of 8, 12, 16, 24, and 40 units of in
formation is calculated from the average of two 
cells for each I-level to be 91, 91, 79, 51, and 65 
percent, respectively. 

An analysis of the 66 individual data points from 
the three display-time experiments further reveals 
the reduction in accuracy rates with increasing 
total information levels on a sign. From Table l it 
can be determined that all 21 test signs that have 
I-levels of 12 units or less had accuracy levels of 
80 percent correct or better. Again, 80 percent 
correct response is assumed to be the minimum ac
ceptable level per test for this laboratory. These 
results are reflected by the upper curve in Figure 
9. This curve shows the percentage of all data 



48 

points (i, p) that have i < I, which also have ac
curacy levels p > 85 percent. Ninety percent (27 
of 30) of all samples that have I-levels for 18 
units or less had accuracy levels of 80 percent or 
more. Only 78 percent (28 of 36) performed accept
ably. Over the complete data set, 41 of 66 (or 62 
percent) of the signs were acceptable, as the upper 

Figure 7. Reading times and percentage of correct responses for 2- and 3-panel 
signs at 2.5-s display times. 
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Figure 8. Reading times and percentage of correct responses for 4- and 5-panel 
signs at 2.5-s display times. 
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curve in Figure 9 depicts at the upper bound I-level 
of 50 units. 

The average percentage of the signs performing 
acceptably (i.e., 80 percent correct response), 
based on the laboratory results, is given at the 
bottom of Figure 9 for three intervals of informa
tion load. In the interval of 1-15 units, 100 per
cent of the signs performed acceptably. In the 
interval from 15 to 30 units, 51 percent of the 
signs were acceptable. In the interval from 31 to 
50 units, only 33 percent of the test signs were 
found to be acceptable. 

Another sign-design parameter that seems to af
fect accuracy levels to some extent is the ratio of 
the number of panels P, divided by the average in
formation unit rate per panel B, or R = P/B. If one 
analyzes the 4- and 2. 5-s display-time results in 
Table l, it will be determined that in 8 of 14 
paired comparisons that exist at similar total in
formation levels up to, but not including, 20-unit 
I-levels, that in only l of 6 cases did the percent
age of correct responses increase as the ratio R de
creased for a given I-level. This one case was 'at 
an I-level of 16 units with 2.5-s display time. 
However, in the 9 cases where paired comparisons 
were possible from I-levels of 20 bits or more, no 
trend is evidenti 4 cases rose with decreasing R 
values and 4 cases dropped. Again, it is concluded 
that somewhere in the vicinity of 15-20 units of in
formation (I) per sign structure is the maximum 
amount of information to be presented. Above this 
level there are just too many choices (panels) or 
too much clutter per sign panel for efficient deci
sionmaking to occur. 

Display Time 

A comparison of the 14 test signs not changed be
tween the 6- and 2.5-s display-time experiments 
showed that this significant reduction in display 
time resulted in a moderate drop in route selection 
accuracy from 82 to 77 percent. It should be noted, 
however, that most of the signs that were not modi
fied tended to be the smaller, less-complex signs. 

Experience 

The results of the 6- and 4-s display-time experi-

Table 1. Summary of average percentage of correct responses by number of 
panels and information per panel. 

Information Number of Panels per Sign 
per Panel Display 
(units) Rate (s) 2 3 4 5 

2 6 93 83 94 80 
4 88 83 93 80 
2.5 83 82 80 84 
Mean 91 83 89 81 

4 6 96 82 63 46 
4 93 83 69 52 
2.5 91 94• 92• 76" 
Mean 93 86 75 58 

6 6 100 92 33 95 
4 87 92 36 86 
2.5 99 92 52" 92 
Mean 95 90 40 91 

8 6 81 55 76 58 
4 93 80 82 61 
2.5 75 45 91 8 36 
Mean 83 60 83 52 

10 6 77 60 82,65 71, 70 
4 83 71 88, 75 83, 73 
2.5 57 so• 81, 78 55•, 79• 
Mean 72 70 78 72 

3Modified before 2.5-s laboratory . 
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Figure 9. Acceptance levels related to total information on sign. 
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Table 2. Desirable and minimum reading times for overhead freeway guide 
signs (in seconds). 

Number of Sign Panels for 
Units of Design and Overhead Sign Structure 
Information Operating 
per Panel Conditions 2 3 4 5 

2 Desirable 3.1 3.5 3.9 4.4 
Minimum 2.7 2.7 3.0 3.3 

4 Desirable 3.6 4.2 5.0 5.7 
Minimum 2.7 3.2 3.7 4.2 

6 Desirable 3.8 4.5 
Minimum 2.8 3.4 

8 Desirable 3.9 
Minimum 2.9 

10 Desirable 4.0 
Minimum 3.0 

ments demonstrate how driver familiarity and ex
perience yield improved driver performance. The 
mean percentage of correct responses increased from 
75 to 78 percent, even though the average display 
time was reduced 33 percent. A total of 14 of the 
22 test signs showed increases in the percentage of 
correct responses, whereas only 5 showed decreases. 

Reading Time 

The time the subjects took to read the signs depend
ed not only on the sign-design parameters but also 
on how much time was available to perform the task. 
This was to be expected as normal behavior for the 
subjects. A brief review of the averages of the 
85th pecentile reading times for each display rate 
illustrates this point, as follows (note: DT = dis
play time, RT= reading time): 

DT 85th Percentile Ratio 

ill RT (s ) (DT+RT) 
6 4.6 1. 30 
4 3.5 1.14 
2.5 2.8 0.89 

A plot of these data shows that a 3.0-s display time 
would have produced a 3. 0-s 85th percentile reading 

49 

time, or a ratio of display time to reading time of 
1.00 for the 85th percentile driver. Thus, it would 
appear that the 4-s display time would represent a 
test condition that is pressurized but yet provides 
minimum acceptable conditions. Since the 4-s dis
play 85th percentile reading times were 75 percent 
of the 6-s times, the 6-s display time represents 
what may be reasonably considered to be a desirable 
set of operating conditions. 

Linear regression analyses were performed to 
develop equations for estimating the reading times. 
The advantage of this approach is that smoothed es
timates of each test sign can be estimated based on 
trends and characteristics of the complete study. 
Estimated desirable and minimum reading times based 
on these analyses are presented in Table 2. Minimum 
reading rates were assigned to be 75 percent of the 
desirable values subject to a 2. 7-s minimum. Sign 
structures that have a total of more than 20 units 
of information on them are not recommended and 
usually do not exist in the field. 

CONCLUSIONS AND RECOMMENDATIONS 

The results of this detailed laboratory study of the 
urban freeway guide sign reading task form the basis 
for the following conclusions and recommendations. 
It is apparent that route-selection accuracy de
creases as the number of route choices (and related 
sign panels) increase. It is also clear that the 
information content of a large sign structure should 
not exceed 6 units of information/panel and at no 
time should the total information loading exceed 20 
units of information (absolute maximum); however, a 
more desirable maximum information loading would be 
16 units/sign bridge. The time required to read a 
sign also increases with the number of route choices 
available and total information on the signs, as 
presented in Table 2. 

The sign designs given in the table below repre
sent what are recommended as desirable and maximum 
acceptable design parameters for overhead freeway 
guide signing in urban areas (note: * = undesirable 
design; sign spreading, removal of redundant concur
rent routing, or other appropriate techniques should 
be examined): 

No. of Route Maximum Units of 
Alternatives Infor.mation o n Sign 
!eanels) Condition Bits 
2 Desirable 12 

Maximum 16 
3 Desirable 16 

Maximum 18 
4 Desirable 18 

Maximum 20 
5 Desirable -· Maximum 20 

The desirable and minimum design parameters were de
veloped based on reading times determined during the 
laboratory studies and personal comments from the 
subjects based on heavily loaded signs. We felt 
that a cut-off of approximately 4. 0 s to read any 
sign was critical for safe handling of a vehicle 
along urban freeways. 

Any sign that does not provide desirable design 
conditions, with respect to the number of panels and 
the level of information in each panel, should have 
a sign layout that optimizes all other sign-design 
criteria. Minimization of costs should not be the 
only one controlling consideration for the minimum 
condition designs. All signs that do not meet mini
mum conditions should not only be redesigned, but 
the route structure should be redesigned to elimi
nate concurrent routes, unnecessary exits, etc. 
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Use of Computerized Roadway-Information System 
in Safety Analyses 
MARK A. FLAK AND JAMES C. BARBARESSO 

The investigation of safety problems at a site requires that accident patterns 
be identified to aid in defining whether a safety problem exists and the level 
of the safety problem. Traditionally, safety engineers have identified acci
dent patterns based on a combination of a visual inspection of collision 
diagrams and a site review of the study location. This approach, although 
enabling the engineer to identify accident patterns at a site, fails to define 
whether the magnitude of the patterns is sufficient to warrant the critical 
review of specific patterns and to recommend countermeasures to alleviate 
them. Rather, these decisions are made based on the engineering judgment 
of the safety engineer. A procedure that describes a mathematical approach 
used to identify safety problems and recommends countermeasures is de
scribed. By using a comprehensive roadway-information data base, this 
procedure is being used in Michigan by the Oakland County Road Com
mission in its highway risk management program. Similar roadway sites 
are selected based on geometric and operational parameters provided in 
the data base. These data, in combination with an accident data base 
for the defined roadway system, permit the analysis and comparison of 
accident characteristics of a study site to other similar sites. These analy
ses are also used in the identification of favorable countermeasures by 
comparing accident characteristics between similar sites with and without 
a particular countermeasure. These findings can also be used to develop 
accident-reduction factors for specific countermeasures. 

Highway-safety professionals have long recognized 
the need for an organized approach for the correc
tion of safety problems. This objective led the 
Federal Highway Administration (FHWA) to establish 
several programs to assist state and local agencies 
in improving safety on highways under their juris
diction. These programs served to guide, assist, 
and encourage highway agencies to upgrade and main
tain their highway system based on highway-safety 
objectives. The programs ranged from funds provided 
to identify and correct hazardous locations to the 
earmarking of funds for specific categorical pro
grams and for the development of procedures to ef
ficiently and effectively maintain a highway-safety 
improvement program (HSIP). 

The HSIP was described in Federal Highway Program 
Manual (FHPM) 6-8-2-1. The FHPM described a system
atic procedure for organizing a safety-improvement 
program. FHPM 6-8-2-1 was superceded in 1979 by 
FHPM 8-2-3. FHPM 8-2-3 recommends that processes 
for planning, implementing, and evaluating highway
safety projects be instituted on a statewide basis. 
It is planned that each state develop and implement, 
on a continuing basis, a HSIP that has the overall 
objective of reducing the number and severity of ac
cidents and decreasing the potential for accidents 
on all highways. 

A major component of the HSIP is the planning 
component. The planning component consists of the 
collection and maintenance of traffic, highway, and 
accident data; the identification of hazardous loca
tions; the application of engineering studies, and 
the development of safety projects and their imple
mentation. Prior to the development of safety proj
ects, individual site investigations are required. 
The investigation requires that the site and its 
roadway, traffic, and accident characteristics be 
reviewed and that safety problems be identified in 
order to select favorable countermeasures. A review 
of the cost-effectiveness, safety impacts, and other 
significant factors for each countermeasure results 
in the development of a safety project. 

To aid in the development and maintenance of the 
HSIP and highway risk management program for Oakland 
county, Michigan, the Oakland County Road Commission 
developed a comprehensive roadway-information sys
tem. This system uses computerized roadway, road
side, and accident data bases and a statistical com
puter package to assist the Road Commission in its 
safety analyses. The system not only permits the 
maintenance of highway, traffic, and accident data 
but allows a variety of safety analyses to develop 
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and maintain the county's safety program. One spe
cific tool developed from this system is intended to 
aid in the definition of safety problems and defi
ciencies and to assist in the countermeasure-selec
tion activity. The purpose of this paper is to de
scribe this analytical tool, its development, and 
its application for use in the county's highway
safety and highway risk management programs. 

BACKGROUND 

As part of the Road Commission's highway risk man
agement program, Road Commission officials sought to 
develop a computerized roadway-information system 
that could be related to an existing computerized 
accident data base [monitored by the Traffic Im
provement Association (TIA) of Oakland County]. This 
system was intended to permit accident information 
to be merged with roadway-information system char
acteristics. This system would then allow for the 
analysis of accident characteristics based on the 
roadway and roadside features established in the 
roadway-information system. The services of 
Goodell-Grivas, Inc., were obtained to develop the 
computerized roadway-information system and its 
analysis capabilities. 

Development of Data Bases 

Initially, roadway and roadside-obstacle inventories 
were developed from photolog records. Parameters 
recorded in the roadway inventory included the fol
lowing: main-street name, cross-street name (where 
applicable), beginning and end points of roadway 
characteristics, intersection type (where appli
cable), number of through lanes, number of turn 
lanes, surface type, curb type, shoulder type, 
shoulder width, approach width, and median width, 
type, and presence of curbing. Other parameters 
that were also recorded included direction of travel 
that inventory is proceeding, date that roadway 
characteristics are initiated or updated, land use 
characteristics, speed limit (posted or unposted), 
horizontal geometrics (degree of curve, direction of 
outside of curve, radius of curvature, and rate of 
superelevation) in direction of travel, vertical 
geometrics (grade direction and percentage of grade) 
in direction of travel, passing-zone markings, date 
of initial paving for a section of roadway, average 
daily traffic (ADT), and stopping-sight distance. 

Each section of roadway was divided into 0.1-mile 
segments for analysis purposes. Based on previous 
research and study efforts (1,2), this segment 
length was determined to be reliable to adequately 
define a section of roadway based on its roadway 
characteristics. 

The roadside-obstacle inventory was also 
developed from photolog records. This inventory in
cluded the following parameters: main-street name, 
cross-street name, distance and direction of object 
from a reference cross street, side of street that 
object is situated, presence or lack of curbing, 
horizontal geometrics (degree of curve, direction of 
outside of curve, radius of curvature, and rate of 
superelevation) in direction of travel, vertical 
geometrics (grade direction and percentage of grade) 
in direction of travel, rigidity of fixed object 
(assigned by Road Commission for each obstacle 
type), ADT, speed limit, distance object is located 
from roadway (pavement) edge, roadway type (primary 
or local), obstacle type, and priority factor (based 
on formula derived by Road Commission staff). 

A common location-reference system was applied to 
both inventory data bases in order to allow a merge 
of the roadway, roadside-obstacle, and accident 
characteristics. The reference system used was 
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based on the Michigan Accident Location Index 
(MALI), part of a statewide reference system that 
involves the designation of a primary road (PR) 
number for each roadway or roadway section and a 
system of mile points used to locate the reference 
distance along the roadway. This reference system 
was selected due to its availability, accuracy, and 
current use in the accident data available to the 
Road Commission. 

The accident data base currently existed as a 
part of the statewide MALI system. These data 
records are periodically sent to TIA, which is re
sponsible for the local use and needs of the acci
dent data. The information supplied on each acci
dent record includes the following: PR number for 
street in which the accident occurred, mile point 
along street in which the accident occurred, acci
dent report number, date and day of accident, time 
of accident, functional classification of route in 
which the accident occurred, weather conditions dur
ing accident, lighting conditions during accident, 
road surface conditions during accident, road de
fects ( if any), traffic controls in the accident 
area, highway area type, roadway alignment (gen
eral), accident location (general description of 
roadway type) , accident type, accident where (e.g., 
at intersection, at driveway, not at intersection), 
accident how (accident situation, e.g., head-on, 
rear-end, etc.), and accident severity. The acci
dent record also included information on the follow
ing characteristics: drinking-related accident; 
police agency performing investigation; contributing 
circumstances; police enforcement action; driver 
age, residence, sex, and degree of injury; vehicle 
information; driver or pedestrian intent; hazardous 
actions; presence of visual obstructions (if any); 
object hit (if object-related accident); vehicle im
pact codes; and other special information. 

Once the individual data bases were developed 
(i.e., roadway, roadside, and accident), a merged 
roadway-accident-roadside information system was 
developed. The purpose of this system was to pro
vide a single data base that contains the roadway, 
accident, and roadside characteristics along all 
sections of county-maintained roads. This merged 
system would allow the detailed analysis capabili
ties for all merged roadway, accident, and roadside 
characteristics. By using a common reference system 
for each data base, the merge system was easily 
generated. 

Data-Analysis Capabilities 

To permit desirable data-analysis capabilities with 
the comprehensive roadway-information system de
veloped for the Oakland County Road Commission, the 
use of a statistical computer package was employed. 
The statistical package selected was in use in the 
Oakland County Computer Center and, as such, was 
readily available. 

The selected computer package was the Statistical 
Package for the Social Sciences (SPSS). SPSS is 
specifically designed for analysis of social-science 
data. Its use is readily intended for analysis of 
the data bases provided in the developed inven
tories. SPSS affords the user the capabilities of 
sorting, ranking, duplicating, and searching various 
options, numerous data transformations, and various 
statistical and numerical analyses. 

Although most of the available SPSS capabilities 
are employed in the SPSS version available to the 
Road Commission, the most common subroutines planned 
for use consist of the following: 

1. Frequencies, 
2. Crosstabulations, 
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3, Condescriptive 
4 , Regression, 
5, Breakdown, 
6, Analysis of variation (ANOVA), 
7, Report, 
e. NPAR tests, and 
9 , various bi-variate correlation analysis sub

programs. 

Other subroutines are available that 
further detailed statistical analyses 
bases. Their uses are documented 
manuals (1,!l, 

SYSTEM USE IN SAFETY PROBLEM ANALYSIS 

can provide 
of the data 

in the SPSS 

One of the planned uses of the computerized roadway
information and analysis system developed for the 
Oakland County Road Conunission is in the identifica
tion of safety problems and countermeasures for 
identified hazardous locations or features. The use 
of this system for these purposes is based on the 
premise that a site or feature has previously been 
identified as hazardous and requires identification 
of safety problems. 

The basis for determining safety problems at a 
location is by identifying patterns in accident 
characteristics. Accident character is tics that re
cur at a location provide information used to aid in 
identifying safety problems. For example, the oc
currence of a pattern of wet-weather accidents may 
indicate a slippery roadway surface as a possible 
safety problem. Other accident information or 
engineering studies may verify that a slippery road
way surface did or did not cause a safety problem. 
Initially, however, a safety problem was indicated 
by the occurrence of an accident pattern related to 
wet-weather conditions. Accident patterns, there
fore, are the primary means used to identify safety 
problems. 

Once the safety problems are defined, accident 
patterns are used to suggest feasible countermea
sures to reduce or alleviate the defined safety 
problems. Cost-effectiveness studies and the re
sults of other considerations are used to select a 
safety project for a site. A flow chart of the 
safety engineering study process is shown in Figure 
1. 

In the safety engineering study process displayed 
in Figure 1, the review of accident characteristics 
is vital in various steps of the process. For in
stance, the accident data are used as input in the 
field review, the selection of traffic, environ
mental, and special studies, and the identification 
of safety deficiencies. As a result, the need for 
accurate identification of accident patterns is 
critical to the safety study of a location. For ac
cident-analysis purposes, two approaches to identify 
an accident pattern are typically available: (a) 
cluster analysis and (b) expected-value analysis. 

The cluster-analysis method involves the visual 
inspection of accident-collision diagrams or sum
maries to observe the clustering or grouping of 
specific accident characteristics. Patterns are 
normally identified by an abnormal occurrence of a 
specific characteristic in relation to other acci
dent characteristics that occur at a site. For in
stance, at a spot location with one rear-end acci
dent, four run-off-road accidents, and two sideswipe 
accidents, the run-off-road accidents could be de
fined as a pattern. In some cases, the sideswipe 
accidents may also comprise a pattern. The identifi
cation of accident patterns in these cases is pr i
mar ily based on the engineering judgment of the 
safety engineer. However, in everyday use, the ac
cident activity that will comprise a pattern may 
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Figure 1. Safety engineering investigation procedure. 
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vary from site to site and agency to agency, depend
ing on the safety engineer's past experience in ac
cident analysis. 

A more reliable means of accident-pattern identi
fication employs the statistical analysis of acci
dent information. One means of statistical analysis 
is expected-value analysis. Expected values for 
specific accident characteristics are determined 
based on a statistical review of similar type 
sites. The expected values are used to define over
representations or er itical values of the accident 
pat~erns for a study site. A comparison of the ac
cident characteristics at the study site with other 
similar sites is made to determine accident patterns 
at a site. Assuming that the accident occurrences 
are normally distributed, accident characteristics 
below the critical value will not represent a pat
tern: however, values at or above the critical value 
will identify an accident pattern. This type of 
analysis defines critical values for accident char
acteristics at all types of locations. 

Expected-Value Analysis 

The expected-value analysis is a systematic mathe
matical procedure for identifying abnormal accident 
characteristics. To use this approach, accident 
data for similar sites (geometrics, volume, traffic 
control, etc.) are obtained and the average number 
of specific accident characteristics is determined. 
To account for variability or fluctuations in the 
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data between sites, the use of the variance of the 
frequency of the specific accident characteristic is 
made to establish a range for an expected value. 
Assuming that accidents are normally distributed, 
the range of expected values can be defined as fol
lows (_~): 

EV=X±Ks 

where 

EV z expected range of frequency of an accident 
characteristic, 

(!) 

X • average frequency of an accident characteris
tic (e.g., accidents per number of sites), 

K factor that relates selected level of confi
dence that a site will have a specific acci
dent frequency, and 

s = standard deviation of accident frequencies. 

Average and standard deviations may be obtained 
by standard statistical relations: 

X= "1;FX/n (2) 

and 

S = /ti F (X - X)]1/(n -1) (3) 

where 

X average frequency of an accident characteris
tic (accidents per number of sites), 

F • number of sites with a given frequency of a 
selected accident characteristic, 

X accident frequency of nth site, 
n a total number of sites, and 
S standard deviation of frequency of accident 

characteristic. 

The K-value is based on the desired level of con
fidence that a site will have accident character is
tics in a defined range. values of Kand their re
spective confidence levels are shown in the table 
below (note: 50.0 is the average value): 

Confidence 
Level 

! !%) 
o.oo 50.0 
1.00 68.3 
1.96 95.0 
3.00 99,7 

The expected range values for any given section 
with similar characteristics increase as the confi
dence level increases. Figure 2 displays this rela
tion. 

The above values are used in defining a range of 
expected values for an accident character is tic of 
X .:!: Ks. For accident-analysis purposes, safety 
analysts are typically concerned with the expected 
values along the right-hand portion of the normal 
curve. In the past, many safety engineers have used 
average values as the critical level used to define 
an accident pattern. This situation would allow for 
a 50 percent level of confidence that an accident 
characteristic would occur above the critical 
value. However, to increase the reliability that 
the expected value is defining an accident pattern, 
a greater level of confidence is desired, as shown 
in Figure 2. From this figure, it is shown that all 
accident frequencies to the right of the critical or 
expected value would represent an overrepresenta
tion, i.e., an accident pattern. 
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Figure 2. Relation of confidence level in a normal distribution. 

x-3s x-2s x-s x X+s X+2s X+3s 

Accident Frequency 

An example of the use of expected-value analysis 
is shown below. Accident-type characteristics for 
14 similar sites reveal that the average annual fre
quency for the sites are as follows: 2.05 left-turn 
accidents, 3.56 rear-end accidents, 1.52 right-angle 
accidents, 1.32 sideswipe accidents, and 0.50 pedes
trian accidents. Accident-type characteristics for 
the similar study site were as follows: 1.42 left
turn accidents, 2.48 rear-end accidents, 3.52 right
angle accidents, O. 78 sideswipe accidents, and 0.00 
pedestrian accidents. By using expected-value analy
sis at the 50 percent level of confidence (average 
values), the right-angle accidents result in an 
overrepresented condition or accident pattern. The 
other accident types are below the defined er i ti cal 
level and do not represent accident patterns. 

Expected-Value Analysis by Using the Comprehensive 
Roadway-Information System 

The concept of expected-value analysis is currently 
used by the Oakland County Road Commission to assist 
in the accident analysis and countermeasure-selec
tion phases of its highway-safety and highway risk 
management programs. By using the comprehensive 
roadway-information system, similar sites can be 
identified. Site characteristics used in defining 
similar sites include the following: 

1. Number of traffic lanes, 
2. Intersection type (where applicable), 
3. Roadway surface (paved versus unpaved), 
4. Shoulder width (ranges), 
5. Horizontal geometrics (tangent, 1°-3° curve, 

4°-6° curve, etc.), 
6. vertical geometrics (flat, 1 percent grade, 

2-3 percent grade, 4-6 percent grade, etc.), 
7. Curb type (curbed versus uncurbed), 
8. Presence of median (median type and width), 
9. Land use, 

10. Speed limit, and 
11. Volume--ADT (ranges). 

In some cases, to acquire a large enough sample 
of similar sites it is required that some of the 
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roadway parameters be relaxed to allow a wider range 
for a specific parameter and permit a greater number 
of sites to fit the criteria. Also, in some cases 
certain parameters may be considered insignificant 
for a specific analysis and may be removed from the 
criteria for that specific analysis, The site char
acteristics of the study location dictate the values 
of the parameters to be used in the expected-value 
analysis. For example, if a rural two-lane curved 
section of highway is identified as the study loca
tion, the site . characteristics for this site will 
set the parameter values. 

The SPSS computer package is used to identify 
similar sites, their accident characteristics, and 
the standard statistics (mean, standard deviation, 
minimum and maximum values, number of cases, etc.) 
associated with the accident characteristics, 
Initially, the data bases are searched to select 
from the roadway inventory only those records with 
similar parameters, as specified by the user. For 
example, to select similar sites for rural tw<>-lane 
curved sections of highway, the computer command may 
read as follows: 

SELECT IF [ (ROADLANE EQ 2) AND (LANDUSE EQ 2) AND 
(HORIZGEO GTE 002)). 

It should be noted that in SPSS, all alpha values 
require recoding to a numeric character, The value 
of 2 for the LANDUSE parameter actually refers to a 
2=rural condition. 

once the data file has selected only those road
way records that have the specific roadway char
acter is tics, a statistical subroutine is applied to 
the subfile to define the key statistics for the re
quired accident characteristics. For example, the 
SPSS command used for obtaining descriptive statis
tics is CONDESCRIPTIVE--VARACCOl TO VARACC12, This 
command will provide the descriptive statistics for 
those accident variables listed above (i.e., 
VARACCOl TO VARACC12). 

The output of this command can supply all or some 
of the following statistics and numbers: mean, 
standard error, standard deviation, variance, kurte>
sis, skewness, range, minimum, and maximum. These 
statistics are used in the formula for the expected 
value to derive the critical level of accident char
acteristics for the study site. 

The value of each accident characteristic for the 
study site is then compared with the critical values 
defined for the similar sites. By using the ex
pected-value concept, accident patterns are identi
fied where the study-site frequencies are at or 
above the critical values. Values below the criti
cal numbers are not defined as a critical pattern. 

To adequately use the expected-value analysis, 
two considerations should be observed. First, in 
order to develop significant critical values, it is 
necessary to select an adequate sample size of simi
lar sites. Sample-size formulas are available in 
various sources (6,7). The sample size is a key de
terminant of the l.~el of significance of the find
ings. Where a sufficient sample size is not avail
able, parameters may be relaxed or removed where 
their impact is not considered significant, or a 
lower level of confidence for the findings mui,t be 
assumed. On a county level, the sample size will 
typically be insufficient. However, the relaxation 
or removal of limiting parameters can significantly 
increase the sample sizes to acceptable levels. 

A second consideration concerns the level of con
fidence chosen for the analysis. The effect of a 
high-confidence level will result in a short list of 
critical accident patterns. Less-stringent confi
dence requirements will result in a greater list of 
accident patterns. The length of the list is depen-
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dent on the safety engineer's experience and judg
ment. If the safety engineer desires to resolve the 
most critical safety problems, more stringent re
quirements should be made. However, if the objec
tive is to resolve all levels of safety problems, 
lower requirements should be specified. With recent 
reductions in highway-safety budgets, a more str in
gent level may typically be used. By resolving the 
er itical safety problems, more cost-effective solu
tions can be developed, thereby resulting in more 
efficient use of available safety funds. 

OTHER SAFETY USES OF COMPUTERIZED ROADWAY
INFORMATION SYSTEM 

In addition to the use of the computerized roadway
information system as a tool for identifying safety 
problems at a site, the system can also be used in 
selecting favorable countermeasures or safety proj
ects for a site. The procedure involves the identi
fication of accident characteristics for a group of 
similar sites. The analysis of a group of sites 
with field conditions similar to those of the study 
site, except for one altered condition, will provide 
a record of accident statistics for the field situa
tion with the altered condition. For example, the 
safety impacts of paving the shoulder of a two-lane 
roadway can be predicted. A comparison of the acci
dent characteristics for the two situations will 
identify whether the countermeasure has a positive 
or negative safety impact. In this way, accident.
reduction factors can be developed. It can be as
sumed that the difference in accident characteris
tics represents the effect that a specific counter
measure (altered condition) will have cm the field 
situation. These analyses can be made for several 
countermeasures to assist in determining the most 
favorable project based on .highway-safety objectives. 

SUMMARY AND CONCLUSIONS 

The development of the computerized roadway-informa
tion system for the Oakland County Road Commission 
provides a major advantage to the Road Commission's 
highway risk management and highway-safety pro
grams. A significant increase in the roadway, road
side, and accident study and analysis capabilities 
occurred following the development of the system. 
As increased use of the system occurs, greater de
velopments and innovations in its applications will 
result. 

This paper discussed two current uses of the 
roadway-information system. They are (a) the 
identification of safety problems and (bl the selec
tion of countermeasures. Some deficiencies do occur 
with the data base due to the limited number of 
similar sites typically afforded a county area. 
However, with the relaxation of constraints, this 
problem can be dealt with effectively. The roadway
information system does, however, allow the Road 
commission to study and review the accident activity 
and their characteristics for the area under its 
jurisdiction. In this way, the county can more 
closely monitor and dictate the safety needs of its 
highways. The result is an increase in safety and 
an improved highway risk management program, thereby 
permitting more effective use of the highway tax 
dollar in the Oakland County area. 
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Four Approaches to Instruction in Occupant-Restraint Use 

A. JAMES McKNIGHT AND KENARD McPHERSON 

The results of four test programs for increasing teenage occupant-restraint 
use are presented. Each program contained an informational component 
while three programs provided additional learning experiences-a testimonial, 
operation of a vehicle, and use of a safety-restraint convincer. Conclusions 
show that the programs are a promising way to educate teenagers about using 
restraints. 

Although the use of occupant restraints represents 
the single most valuable way of reducing traffic 
injuries and fatalities, use continues to be very 
low. The use rate for drivers in the United States 
is only about 10 percent while the rate for young 
people (ages 16-19) is even lower. Since young 
drivers are overrepresented in the number of traffic 
accidents, it is extremely important to encourage 
the use of occupant restraints in this segment of 
the population. 

The National Highway Traffic Safety Administra
tion funded a study for the development, implementa
tion, and evaluation of several supplementary 
driver-education programs to be taught subsequent to 
the standard driver-education curriculum. One of 
these programs deals with occupant restraints. 

The main objective of the restraint program is to 
teach teenage drivers to use safety restraints and 
encourage their passengers to do the same. Other 
objectives include teaching the students the value 
of safety belts in reducing injuries and fatalities 
as well as the risks associated with nonuse. In 
addition, the course encourages favorable attitudes 
toward restraints, including the belief that re
straints are valuable and that the safety of pas
sengers is the driver's responsibility. 

NATURE OF PROGRAM 

To attain these goals and objectives, four individ
ual driver-restraint programs were developed. Each 
program contained an informational component while 
three of the programs provided additional learning 
experiences, which included a testimonial, operation 
of a vehicle, and use of a safety-restraint con
vincer. A brief description of each program is 
presented below: 

1. Information only--The information program 
consists of 3 h of classroom instruction, No 
behind-the-wheel or other learning experience is 
provided. The classroom activities are, however, 
supported by a film, The information contained in 
the student materials and the film is directed 
toward cognitive and additudinal aspects of safety 
restraints. This program is designed to provide 

students with factual information about restraints 
and to increase their perception of the risks asso
ciated with nonuse. 

2. Testimonial--The testimonial program includes 
the information contained in the previo~sly de
scribed program. In addition, it provides an audio
visual presentation that consists of a testimonial 
in which an age peer describes an accident, the 
nature and extent of any injuries, and the disabil
ities that resulted from the crash. 

3. Vehicle--The vehicle program adds to the 
information program the experience of riding in a 
vehicle, both restrained and unrestrained, through a 
series of emergency maneuvers. The maneuvers were 
selected to show the effect of restraint use on 
ability to control the vehicle in an emergency. 

4, Convincer--The convincer program combines 
with the information program the use of a device 
designed to demonstrate the forces experienced in a 
crash. A sled with a car seat and safety-restraint 
system is mounted on an inclined plane at approxi
mately a 45° incline. The sled is raised to the top 
of the incline and allowed to slide freely to the 
bottom. Persons, properly restrained, ride the sled 
and can feel the forces exhibited in a simulated 
crash. 

METHODS 

A before-and-after design was employed to evaluate 
each of the four programs. The programs were 
administered at four high schools in St, Louis, 
Missouri. Approximately 100 students were available 
at each school, each school administering only one 
program. The use of four different schools was 
necessary to be able to determine the effects of 
each program on actual restraint use. If more than 
one program had been given at each school, there 
would have been no way of knowing, as students 
arrived and left in their cars, which students 
received which program, 

The measures employed to evaluate the program 
were as follows: 

1, Knowledge test--A paper-and-pencil test that 
contained items on the facts of restraint use, the 
risks of injury, and the effects of nonuse on occu
pants; 

2, Attitude test--A multiple-choice measure that 
presented scaled opinions concerning the use of 
restraints; and 

3, Use of restraints--Observations wete made on 
students' use of safety restraints while coming to 
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school and when going home. 

All subjects were administered a knowledge and 
attitude test prior to commencing the program. 
Baseline performance was observed for three consecu
tive days prior to the beginning of the program at 
each school. Postprogram knowledge and attitude 
tests were administered on completing the course 
while postprogram performance was observed over the 
same three days of the week as the baseline period. 
Each subject took different forms of the knowledge 
test on preprogram and postprogram administration. 
Both forms were used equally often as pretest and 
posttest in order that differences in forms would 
not bias precourse and postcourse comparisons. A 
single form of the attitude measures was used. 

In the schools giving the vehicle and convincer 
program, all three measures were given on a follow
up basis one month after postprogram administra
tion. In the case of the knowledge test, the form 
given as a preprogram measure was repeated. 

RESULTS 

Results from the study of the restraint program will 
be discussed in terms of (a) actual use of re
straints, (b) knowledge about restraints, and (c) 
attitudes toward restraints. 

Use of Restraints 

Results obtained from monitoring use of restraints 
are shown in Table 1. It is evident that wide 
preprogram and postprogram differences existed among 
the students who received the four programs. These 
differences prevent any meaningful comparisons being 
made across the four programs. 

Each of the four programs produced a gain in 
use. Gains for the information, testimonial, and 
vehicle programs were statistically significant 
(p < 0.05). Significance was assessed through a 
one-tail test of correlated means. The gain for the 
convincer group was well within chance variation 
(p = 0.26). 

As noted earlier, follow-up comparisons could be 
made only for the vehicle and convincer programs. 
The students in the vehicle program maintained the 
substantial gain obtained earlier. The gain for the 
convincer group continued to be nonsignificant. 

Knowledge 

Results obtained from the administration of knowl
edge tests appear in Table 2. Although students in 

Table 1. Restraint program results of use measures (percent-
age using restraint). 

Program 

Information 
Testimonial 
Vehicle 
Convincer 

ap < 0.05. 

Table 2. Restraint program results of knowledge measures-
mean scores. 

Program 

Information 
Testimonial 
Vehicle 
Convincer 

• p < o.os. 

Pre-
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all four programs were given the same information 
presentation, the information and testimonial groups 
showed the largest percentage gain--42 and 32 per
cent, respectively. Both gains were highly signifi
cant . The knowledge gain for the vehicle group, 
although statistically significant, was considerably 
smaller. The convincer group failed to show a 
significant information gain. 

Although the information component of all four 
programs was the same, the conditions under which it 
was delivered differed among the groups. For the 
information and testimonial programs, it was pre
sented in a classroom situation with opportunity for 
interaction. The information presentations for the 
vehicle and convincer programs were, on the other 
hand, given to all students collectively in an 
assembly hall. There was no interaction and no way 
of making sure students were paying attention. 
These conditions may explain the small amount of 
gain. 

The follow-up knowledge administration evidenced 
a somewhat lower but still statistically significant 
gain for the vehicle program. Results for the 
convincer program were the same as they were immedi
ately after the program. 

The failure of the convincer group to show a 
significant knowledge gain may help explain the lack 
of a significant gain in restraint use. It appears 
that what little gain in restraint use occurred for 
the convincer group came as a result of the experi
ence in the convincer and not the information that 
was presented. 

Attitudes 

Results obtained from administration of the attitude 
measures to students in the four programs appear in 
Table 3. All groups evidenced statistically signif
icant attitude pregains and postgains. Attitude 
gains for the information and testimonial groups 
paralleled the knowledge gains. This is not sur
prising, considering the relation between knowledge 
and attitudes. The attitude gains for the vehicle 
and convincer groups surpassed knowledge gains and 
seem to indicate that experiences in the vehicle or 
convincer also influenced attitudes. The results of 
follow-up measures suggest that the attitude changes 
experienced by students in the vehicle and convincer 
programs tend to endure. 

SUMMARY 

The overall results indicate that all four programs 
are capable of having a beneficial effect. The 

Pre program/ 
Post- Postprogram 

program program Difference Follow-Up 

Pre program/ 
Follow-Up 
Difference 

3.3 8.5 
4.1 6.7 

13.5 26.7 
9.0 13.2 

Pre- Post-
program program 

8.5 12.1 
9.5 12.5 
9.8 11.2 
9.7 10.3 

+5.2" 
+2.63 

+13.23 

+4.2 

Pre program/ 
Postprogram 
Difference 

+3 .6° 
+3.0° 
+1.4• 
+0.6 

27.7 
11.8 

Follow-Up 

10.8 
10.3 

+14.28 

+2.8 

Pre program/ 
Follow-Up 
Difference 

+1.0• 
+0.6 



Transportation Research Record 844 

Table 3. Restraint program results of attitude measures
mean scores. 

Program 

Information 
Testimonial 
Vehicle 
Convincer 

ap < o.os. 

information, testimonial, and vehicle programs 
produced significant gains in knowledge about, atti
tudes toward, and use of restraints. How long these 
gains were sustained could be determined only for 
the vehicle program. However, the fact that gains 
realized through this program appeared to endure is 
encouraging. 

The vehicle program appeared to produce the most 
substantial gains in restraint use. However, it 
would be dangerous to make comparisons. The fact 
that the program use rate was highest among students 
who received the vehicle program may be an indica
tion that they were a more responsive group than 
those who received the other programs. 

The effectiveness of the convincer program is 
difficult to evaluate. The failure to obtain any 
significant gains in use is certainly discouraging. 
However, this failure is accounted for at least in 
part by (a) failure of the information component of 

57 

Pre
program 

Post
program 

Pre program/ 
Postprogram 
Difference Follow-Up 

Preprogram/ 
Follow-Up 
Difference 

12.2 
13.1 
11.9 
12.4 

16.5 
16.7 
15.3 
14.1 

+4.3 8 

+3.68 

+3.48 

+1.1• 
15.2 
14.5 

+3.38 

+2.1• 

the program to communicate effectively and (b) large 
day-to-day variation in prevailing restraint use. 

From the results obtained, the following conclu
sions may be offered: 

1. It is possible to influence the use of safety 
restraints among teenage drivers by means of an 
in-school program; 

2. Communication of factual information about 
restraints and the risks associated with failure to 
use them are necessary elements of any program; and 

3. More research is needed to determine whether 
any additional benefit is derived from experiencing 
the consequences of nonuse through operation of a 
vehicle, a ride in a convincer, or the testimony of 
someone who has been injured in a crash. 

Publication of this paper sponsored by Task Force on Occupant-Restraint 
Systems. 

Contributory Negligence in Promotion of Safety Belt Use 

ROBERT N. GREEN AND GILBERTS. SHARPE 

Contributory negligence, or contributory fault, can be described as unreason
able behavior on the part of an individual by which he or she contributes to 
injuries caused him or her by another's negligent act. Historically, under com
mon law, once contributory negligence on the part of a plaintiff is established 
by a defendant in a personal-injury action, this serves as a complete bar to the 
plaintiff's claim. Even in jurisdictions without seat belt legislation, the com
mon law over the past two decades has been increasingly recognizing that the 
failure to wear seat belts constitutes contributory negligence. It appears that 
if the common law continues to develop by itself, the seat belt defense will be 
increasingly recognized by the courts in the assessment of contributory negli
gence. If the seat belt defense is to be recognized by law, such statutes should 
be broad rather than restrictive to provide just penalties for contributory negli
gence. 

Many studies in laboratories, as well as on-site 
motor vehicle crash investigations, have shown that 
modification of collision forces to prevent human 
injuries requires occupant restraint. Canada, the 
United States, the United Kingdom, and many Western 
world countries have mandated the availability of 
three-point restraint systems during the past 10-15 
years. The effectiveness of seat belts is clearly 
established from the many studies on the subject. 
The disadvantages of wearing seat belts appear to be 
negligible. 

Data were recently collected on seat belt legis
lation and its effectiveness in many countries of 
the Western world (1). A summary of the major find
ings is cited below: 

l. Countries that have enacted seat belt laws 

seem to have evolved to a state where mandatory seat 
belt legislation was considered acceptable by the 
majority of the public prior to actual enactment. 
Where this is not the case, the law has either been 
repealed, has no penalty associated with it, or is 
not rigorously enforced by the police. 

2, Seat belt laws enacted by various countries 
usually pertain to the driver and front-seat passen
ger only. Also, the laws are generally applicable 
to passenger cars and vans, 

3. Most countries with seat belt laws have pen
alties associated with the legislation. In some 
cases the amount of the fine has a substantive upper 
limit ($200-$300). However, where statistics are 
available, it has been shown that the average fine 
is usually less than $10, Some countries have pen
alties for noncompliance that include imprisonment. 

4, All countries allow exemptions from seat belt 
legislation. Exemption generally applies to passen
gers of a particular age or size, passengers with 
certain medical conditions, and drivers of commer
cial vehicles. 

5. All countries studied have regulations re
garding the installation of seat belts in both new 
and old cars. Most countries specify that the 
three-point inertial-retractor-type belt be in
stalled. 

6. Public information and education programs 
have been used to some extent by all countries that 
have enacted seat belt legislation. However, it was 
found that while these programs may be of value in 
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changing the attitude of motorists concerning the 
safety and effectiveness of seat belts, they do not 
result in any appreciable behavioral change regard
ing the wearing of seat belts. 

7. Most countries that have enacted seat belt 
legislation expended considerable effort to publi
cize the law prior to its enactment. After the law 
became effective, some countries provided a grace 
period of at least one month before they began to 
enforce it. 

8. Studies in virtually all countries revealed 
that the seat belt use rate rises from 200 to 300 
percent inunediately after the seat belt law becomes 
effective. The rate subsequently drops as much as 
10-20 percentage points and then rises to some pla
teau, depending on the amount of attention and en
forcement provided by government officials. 

9. The results of attitudinal studies in coun
tries with seat belt laws reveal that 60-80 percent 
of the people interviewed prior to enactment of the 
law indicated that they were in favor of mandatory 
seat belt use. However, the use rate was so much 
lower that it bore no rel~tion to the results of the 
attitudinal studies. 

10. Police officials are reluctant to enforce 
laws that are not supported by the general publici 
therefore, in those countries where the law is un
popular, enforcement is very low. 

11. In almost all countries it was found that the 
seat belt law was not enforced independently of 
other traffic infractions. It is almost always en
forced only as an ancillary action in connection 
with some other traffic violation. 

12. Enforcement of seat belt laws appears to be 
essential to a high seat belt use rate. In several 
countries it was determined that the use rate was 
directly related to the level of enforcement, with 
high use rates usually associated with stringent en
forcement. However, in some cases it did appear 
that the people's cultural propensities for being 
highly law-abiding obviated the need for stringent 
enforcement. 

13. In several countries with seat belt laws it 
was found that the courts have ruled that insurance 
compensation should be reduced for victims who were 
not wearing seat belts at the time of the colli
sion. In order to support such a ruling, it is 
necessary to have the Crash investigated by experts, 
who must then testify that the injuries sustained 
would have been less if the victim had been wearin9 
a seat belt. The amount of reduced compensation has 
been set as high as 50 percent in several European 
countries. 

Whether a given jurisdiction has chosen to follow 
the Australian example and m~ndate the use of the 
available restraint system (as has happened in much 
of Canada in the past few years) or to continue a 
policy of voluntary use (as in the United States), 
the increasing application of personal-injury tort 
law will undoubtedly influence future legislation. 
The premise of contributory negligence can be stated 
that where a situation or activity involves a fore
seeable risk of accident, there is a common law duty 
to exercise reasonable care to guard against it. If 
failure to exercise reasonable care to avoid a fore
seeable risk of an accident is the proximate cause 
of injury to another, legal liability follows unless 
contributory negligence on the part of the injured 
party was also a proximate cause, Therefore, con
tributory negligence or contributory fault can be 
described as unreasonable behavior on the part of an 
individual by which he or she contributes to in
juries caused him or her by another's negligent act. 
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LEGAL EVOLUTION OF APPORTIONMENT 

Historically, under conunon law, once contributory 
negligence on the part of a plaintiff is established 
by a defendant in a personal-injury action, this 
serves as a complete bar to the plaintiff's claim. 
In fact, this remains the law today in a number of 
American states. Perhaps this explains the reluc
tance that American courts have demonstrated to find 
failure to wear seat belts as contributory negli
gence, as this would permit negligent defendants to 
escape liability in total. This harsh judicial rule 
was subsequently altered by means of so-called ap
portionment legislation. Ontario enacted the first 
Canadian statute in 1924 and the other provinces 
followed over the next few years. Ultimately, this 
legislation spread to the United Kingdom and Austra
lia and has, over the last few years, been appearing 
in the United States. 

The Ontario Negligence Act (R.S.O. C296 S.4, 
1970) provision is as follows: 

In any action for damages which is founded upon 
the fault of negligence of the defendant, if 
fault or negligence is found on the part of the 
plaintiff that contributed to the damages, the 
court shall apportion the damages in proportion 
to the degree of fault or negligence found 
against the parties respectively. 

Under the statute, in a personal-injury action the 
finder of fact attempts to determine the extent to 
which the plaintiff's conduct contributed to his or 
her damages caused through the negligent conduct of 
the defendant. 

Turning now to seat belts, the conunon law stan
dard of the reasonable man in the role of a driver 
or passenger in a motor vehicle must be estab
lished. Until the 1950s, when seat belts were 
generally not available, any argument that failure 
to wear seat belts constituted contributory negli
gence would have been moot. As seat belts became 
generally available, first as an option and ulti
mately as a requirement incumbent on manufacturers, 
and as evidence came to light of a significant indi
cation that the use of seat belts constitutes a ma
jor factor in saving lives and in preventing serious 
injuries in motor vehicle collisions, the notion of 
what was reasonable behavior changed. The courts 
have taken a similar view in imposing contributory 
negligence where workmen fail to wear safety goggles 
and safety ropes. The inconvenience of using the 
available seat belt is slight, and so the reasonable 
person would use it in the face of an unreasonable 
risk, even if it offered only a small amount of pro
tection. 

In one of the leading Canadian decisions that 
deals with the seat belt defense, Mr. Justice Munroe 
of the Bd. tish Columbia Supreme Court reduced an 
award by 25 percent because of a plaintiff's negli
gence in failing to weat a seat belt. In stating 
what is now, in our view, the legal position in 
Callada, Mr. Justice Munroe said, "A person must use 
reasonable care and take prop~r precautions for his 
own safety, and such precautions include the use of 
an available seat belt" [Yaun v. Farstad, 66 D.L.R. 
(2d) 295 (B.C.) 302, 1967), 

CONCEPT OF RISK 

A year after the British Columbia Supreme Court de
cision, Mr, Justice Dubinsky of the Nova Scotia Su
preme Court [McDonnell v. Kaiser, 68 D.L.R. (2d) 104 
(N.S.), 1968] did not ihvoke the seat belt defense 
to mitigate damages because he expressed doubts 
about the general effectiveness of seat belts and 
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concluded that "the effectiveness of seat belts is 
still in the realm of speculation and controversy." 
This attitude to disallow the seat belt defense was 
raised again in 1974 [Reineke v. Weisburger, 46 
D.R.L. (3d) 239 (S.Q.B.), 1974), which cited a nwn
ber of negative and uninformed argwnents, such as no 
need to wear the belt within city limits and sug
gesting that even had the plaintiff worn her seat 
belt, she may have been seriously injured by another 
occupant tossing about the car. Mr. Justice Sirois 
rejected the established logic of Yuan v. Fairstad 
because no Canadian authorities had been quoted in 
that judgment. Mr. Justice Sirois further resur
rected the following emotional suggestion: "A per
son driving down the highway on his proper side of 
the road is entitled to assume that other persons 
using the highway will obey the laws of the road 
still appeals to me and it is not negligence not to 
strap oneself in the seat like a dummy, a robot or 
an astronaut." These emotional arguments and others 
have arisen from a 1967 Hastings Law Journal article 
Cl), which has been categorized as undistinguished 
and incomplete by Mr. Justice Allen Linden (3). Any 
doubt t hat Mr. Justice Dubi nsky and others might 
have had over a decade ago surely can no longer 
exist in view of recent overwhelming evidence as to 
the effectiveness of belts. 

In a 1974 Ontario Supreme Court decision [Smith 
v. Blackburn, R.T.R. 5331 2 Lloyd's Rep 229 (Q.B.D.) 
1974), where the seat belt defense was not recog
nized, there was the suggestion that it was neces
sary for the individual plaintiff to actually fore
see the exact risk that arose. In most judgments in 
the past decade in Canada, the court has found it 
only necessary that the general risk be foreseeable 
by a reasonable person (Drage v. Smith, R.T.R. 1 at 
SF, 1975) • 

In regard to risk, lout of every 10 cars in On
tario is involved in a crash each year (according to 
a pamphlet by the Insurance Bureau of Canada, You 
and Your Car Insurance). One-half of the population 
of Ontario will be injured in a motor vehicle colli
sion at some time during their lifetime (Ontario 
Legislative Debates, Dec. 2, 1975, p. 1185). This 
considerable risk is similar throughout Canada and 
the United States. Although earlier cases seem to 
have been decided against defendants because of a 
failure to prove the effectiveness of seat belts or 
the degree of risk involved, the currently available 
body of evidence pe r mits the expert wi~ne s s to sta
tistically esta blish the concept of cons iderable 
risk and to readily establish the effectiveness of 
seat belts in preventing death and severe injury. 

ROLE OF EXPERT WITNESS 

Bearing in mind the above considerations, failure to 
wear a seat belt per se does not entitle a defendant 
to employ the seat belt defense as contributory neg
ligence. The onus rests with the defendant to es
tablish that, had the available seat belt been used, 
the 1nJuries sustained either would have been 
avoided entirely or would have been of less sever
ity. Thus, the causal connection between failure to 
use the belts and the resulting injury must be es
tablished. Many cases have turned on findings of 
fact as to whether failure to employ belts contrib
uted to the plaintiff's injuries. Courts have 
placed much reliance on the use of expert evidence. 
Indeed, in some jurisdictions, medical and engineer
ing experts are developing in this fie l d. The chal
lenging job for the e xpe r t witness, usually a physi
cian with a special interest and expertise in motor 
vehicle trauma, is to prove causation in order to 
establish contributory negligence. His or her tes
timony is sometimes augmented by that of an en
gineering expert. 
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One of Canada's recognized leading experts, Carl 
Shiels, Research Engineer from the University of 
Saskatchewan, has been most helpful as an expert to 
the courts in many cases. However, the medical as
pects of expert testimony may require confirmation 
by a licensed physician and expert, as pointed out 
by Mr. Justice McPherson in his judgment in the case 
of Ohlheiser v. Cummings [1978, Sask Q.B. (not yet 
reported, case study availab,,le from authors)], where 
he asked if he should accept Mr. Shiels as qualified 
to say how much force would break the plaintiff's 
leg. "Without disrespect to him, therefore, I can
not accept Mr. Shiels' opinion that Mrs. Ohlheiser's 
leg might not have been broken if she had been re
strained." Despite this ruling, the court did ac
cept Shiels' opinion that the injuries to the plain
tiffs would have been less severe if they had worn 
their seat belts. He, therefore, found contributory 
negligence. 

More cases have failed to establish contributory 
negligence on the point of causation than for any 
other reason. When causation is not proven, the 
cases are seldom appealed, as it would mean over
turning a factual ruling rather than a point of law. 

In some cases an expert is able to establish cau
sation of injury for some vehicle occupants but not 
for others. In some cases of multiple injuries to 
one occupant, testimony can clearly establish causa
tion for some injuries and be unclear in the remain
ing 1nJuries. Where another passenger who was wear
ing a seat belt suffers no injury, the courts are 
often more willing to find causation. In some in
stances, the courts should be willing to conclude 
from the very nature of the injuries that they would 
have been prevented (Toperoff v. Mor, R.T.R. 419 at 
421F, 1973). 

Historically, tort law has played an important 
role in deterring certain types of conduct. Al
though some contend that tort law has no business 
establishing new s t a ndards of care without legisla
tive initiative, this has always been the case. For 
example, tort law insisted on reasonable speed on 
the highway long before statutory speed limits were 
set. Under the umbrella of the reasonable-man test, 
tort law has fos t e red safety by taxi compan i es, pub
lic transit s ys tems , and even the medical profes
sion. The courts have also held as contributory 
negligence the failure to use safety devices such as 
a safety rope and safety goggles (]). 

In Canada, most of the apportionment statutes 
speak of fault that causes "damage or loss", as it 
is not alleged that the plaintiff's negligence 
caused the collision but rather that it caused or 
contributed to his or her 1nJury. If the courts 
uniformly adopted the view that once the causal con
nection is established between failure to wear seat 
belts and the injuries suffered by the plaintiff, 
such failure constitutes contributory negligence and 
thus would offset the amount against the overall re
ward i this could go a l o ng way toward educating the 
public and encou raging them to use belts. Until now 
the offset through failure to use belts, even where 
it has been established that such failure was the 
major cause of the injury suffered by a plaintiff, 
has amounted to, at most, about 35 percent. The 
range appears to be between 5 and 35 percent, with 
the average offset being about 25 percent. In a 
recent case [Ulveland v. Marini, 4 C.C.L.T. 102 
(B.C.S.C.), 19771, the plaintiff wore the available 
lap belt but failed to employ the shoulder harness. 
In judgment, the 25 percent contributory negligence 
offset was quoted as reasonable and fair where no 
belt was worn, and a 15 percent offset was awarded 
where the shoulder harness had not been used. 

Although an offset as low as l percent has been 
found in seat belt contributory negligence [Plitchie 
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v. MacNeil, 1979, N.S.s.c. (not yet reported; case 
study available from authors)], a recent judgment in 
the British Columbia Supreme Court (Needham v. Bar
ron Brothers, 1980, B.c.s.c. (not yet reported; case 
study available from authors)) decided that the 
failure to wear the seat belt must be treated as a 
small contribution and fixed this small contribution 
at 15 percent. Except in jurisdictions where the 
ancient common law traditions of contributory negli
gence apply ( t hat is, where contributory negligence 
acts as a complete bar to a claim by the plaintiff), 
in j urisd ic tions where the sea t belt def ense is 
recogni zed t he better a pproach would be to permit a n 
offset aga i nst the ove r all damages f ound against the 
defendant according to the percentage causation es
tablished by the defendant from failure to wear the 
belts. This is certainly the spirit behind the pro
visions of the Ontario Negligence Act and of similar 
apportionment legislation elsewhere. 

INFLUENCE OF MANDATORY STATUTE ON COURT DECISIONS· 

What role do statutes that mandate the use of seat 
belts play in all of this? In these instances, the 
courts often seize on the statutory duty as estab
lishing the standard of care expected of the actor 
and, where t hat standard is bre ached and the other 
elements requ i red to prove negligence are estab
lished, liability is imposed on the defendant. In
deed, breach of a statutory duty can serve as 
grounds for contributory negligence on the part of a 
plaintiff . 

In the motor vehicle situation, it seems obvious 
that safety statutes such as traffic rules are de
signed for the broad purposes of preventing colli
sions in which pla i n t iffs a r e just as likely to be 
hurt as defendants. Therefore, it can be argued 
that violation of these statutory standards serve as 
evidence of negligence. Thus, the fact that an in
dividual made a left-hand turn at an intersection 
where such a turn was prohibited may serve as evi
dence of negl i ge nce , eve n though withou t such a sta
tutor y requi rement , a t c ommon law a n obl i gation not 
to make that t u rn a t t hat int esection did no t exi st. 

When we consider the use of seat belts, a some
what different situation exists. As we have said, 
the use of seat belts over the past few decades has 
been increasingly recognized as an important deter
rent to prevent serious or f ata l injury. Therefore, 
there has been growing r ecogni tion at common law 
that a reasonable driver or passenger in an automo
bile with available seat belts would use those 
belts. Thus, at common law, failure to use the 
belts would be evidence of negligence. we are re
l uc t a nt to apply t he term prima fac ie e vi de nce of 
neg l igence a s some courts have done because this may 
not appea r r easonable. The issue o f whether the 
evidence presented by the defendant on the matter as 
to whether the causal link between the f ailure to 
use the belts and the injury suffered was estab
lished usually remains one for the fact finder. 

In Jackson v. Miller (25 D.L.R. (3d) 161 O.H.C., 
1971), Mr. Justice Osler determined from the non
expert evidence that plaintiff Jackson had been 
ejected from t he vehicle and concluded tha·t this was 
pr ima facie e vide nce of contributory negligence. "I 
have no doubt that if Jackson had r emai ned with the 
car, he would not have suffered the injuries he 
received." He further found t hat , as a matter of 
fact, the pla intiff's injuries resulted from coming 
into contact with the g round after being ejected 
from the car. Also, as a matter of law, he found 
the injuries to Jackson were contributed to by hi s 
own negligence, The mechanism of inj ury and the 
protective role of seat belts might be establis hed 
adequately for s ome courts to find prima facie con-
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tributory negligence but, in the great majority of 
recent cases, failure to establish the causal link 
was the result of poverty or absence of expert tes
timony. 

UPDATING OF REASONABLE BEHAVIOR IN EYES OF THE COURT 

It appears from recent court decisions that plain
tiffs are not excus ed from using the seat belt be
cause they hold certain views as to its effective
ness [Gagnon v. Beaulin, 1 w.w.R. 702 (B.C.s.c.), 
19771, or because they were not advised by the 
driver to use the seat belt [Beaver v. Crowe, 49 
D.L.R. (3d) 114 (N.S.S.C.), 1974), or they were un
aware of the availability of the seat belt in the 
vehicle in which they were riding (Jackson v. 
Miller). 

It seems from the recent British Columbia Supreme 
Court decision [Arnie v. Adams, 1980, B.C.s.c. (not 
yet reported; case study available from authors) J 
that, where there is a duty e stablished to wea r 
belts, in the absence of belts in the vehicle, there 
is a duty to have them installed. 

In a leading motor vehicle negligence case 
[Sterling Tr us t s Corp. v. Post ma , 48 D.L.R. (2d) 
(S. c.c.), 1964), the Supreme Cour t of Canada held 
that a breach of the Ontario Hi ghway Traffic Act 
shifted the burden onto the defendant to disprove 
negligence. Al·though this principle has since been 
challenged, anot her motor ve hicle negl i gence case in 
the Ont ario .Court of Appeal [Queensway Tank Lines 
Ltd. v. Moise (1969), Ont. Reports 1970, Vol. l, 535 
(O.c.A.)J heard judgment by Mr. Justice Mackay that 
suggested that a breach of the Highway Traffic Act 
is prima facie evidence of negligence unless the 
defendant can show by evidence no fault or want of 
care on his or her part. Applying this rule to the 
failure on the part of the plaintiff to use the 
available seat belt as mandated in the Highway Traf
fic Act, should the burden of justifying the nonuse 
of the available restraint system fall on the plain
tiff? In Ohlheiser v. Cummings, Mr. Justice Mac
Pherson addressed this question in his judgment as 
follows 1 "When we all pay for one another's hospi
tal and medical care and other loss through taxes or 
insurance, we each have a right to say to a driver 
and to a passenger: 'Fasten your seat belts in my 
interest if not in your own. If you don't fasten 
them, then you may have to pay part of your loss if 
you are hurt.' What we ha ve here is not a new in
terference with pr iva te right s but the creation of a 
new public d ut y in the automobile age." 

The i mposition of a statutory duty to use seat 
belts only confirms what has been developing at com
mon law. That is, s o- called reasonable drivers and 
passengers do use seat belts. With these s tatutes, 
they must use them. Although such s tatutes will no 
doubt encourage greater numbers o f people to wear 
belts, which depends on the extent to which the seat 
belt statutes are enforced, the growing evidence and 
education of the public as to the effectiveness of 
belts in preventing serious injury and death and the 
growing adoption by the c ourts of t he c ontributory 
negligence defense (whe re persons have failed to 
wea r belts a nd s uch fai lure has contribut ed to the 
i njuries) were havi ng a similar effect in any event . 

One could question whether the existence of a 
s tatutory duty by itself is sufficient t o permit a 
cour t to fi nd contributory negligence in circum
stances where the common law might not require it. 
For example, consider the individual sitting in his 
or her car at the side of the road with the motor 
off who is not wearing a seat belt. 
requ ire t hat it be worn . At common 
able person might no t wear it in 
The car is subsequently struck by 

The statute may 
law, the reas on
that situat ion . 

another vehicle . 
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The expert evidence establishes that, had the person 
been wearing the belt as required by the statute, 
the injuries would have been less severe. At common 
law, the reasonable person in this position may not 
have buckled up because he or she may not have fore
seen the possibility of being involved in an automo
bile collision in those circumstances. If and when 
a case of this sort comes to court, the matter of 
whether the seat belt stat,ute by itself serves as 
evidence of contributory negligence will then be 
determined. 

In fact, few cases that involve failure to wear 
seat belts ever come to court because of the general 
practice that most motor vehicle collision claims 
are settled out of court. At the present time in 
Canada, where expert opinion indicates that failure 
to wear a seat belt contributed to the injury, law
yers are becoming sufficiently sophisticated in this 
area to advise their clients of the offset that 
courts would likely award. However, because of the 
significant effect that seat belts have on prevent
ing serious injuries and death, conviction under a 
statute for failure to wear a seat belt could have a 
similar effect on a person's insurance premiums as 
do a number of speeding convictions. 

CHILD-RESTRAINT SYSTEMS 

There is also the aspect of statutory standards that 
govern the use of child-restraint systems. With an 
increasing emphasis on the rights of children and 
their access to independent legal representation, 
where parents fail to take appropriate measures to 
ensure that their children are adequately placed in 
a restraint assembly, and these children suffer in
juries directly caused by such failure, an action 
will lie against their parents for negligence. 
Where a parent with a young child improperly places 
the child in a system or does not put the child in 
one at all and is involved in a collision, even 
though the collision may be entirely the fault of 
someone else, the defendant will have available the 
seat belt defense to the extent that the injuries 
suffered by the child may be directly attributed to 
the improper use or the failure to use the child-re
straint system. That amount that is offset against 
the global award may be claimed by the child against 
his or her parent. Here the standard of the reason
able parent will likely be determined by the manu
facturers' standards for the use of the child-re
straint system set out in one type of legislation 
and by legislation that mandates the use of such a 
system. 

We would strongly recommend the adoption of uni
form seat belt legislation that standardizes the 
types of restraint systems required to be installed 
by manufacturers and also mandates their use. Such 
legislation should make it clear, however, that the 
existence of the seat belt defense does not con
stitute a complete bar to a plaintiff's claim, thus 
granting immunity to a negligent defendant. Rather, 
we would suggest that language similar to the On
tario Negligence Act be adopted, which indicates 
that the apportionment will be in direct relation to 
the causation demonstrated through expert evidence. 
In those states where contributory negligence con
stitutes an absolute bar to recovery, apportionment 
statutes should be enacted. 

CONCLUSIONS 

In summary, the effectiveness of seat belts in re
ducing or preventing injury in motor vehicle colli
sions has been well established, However, it has 
been demonstrated that, regardless of educational 
campaigns designed to increase the public's aware-
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ness of the usefulness of seat belts, public ac
ceptance has evolved very slowly. Where mandatory 

_ seat belt legislation is in effect, there is gen
erally a sharp increase in use. However, to improve 
and sustain use in regions where mandatory belt laws 
apply, enforcement must be seen to be ever present. 

The concept of contributory" neg'iigence has of 
late shown a greater acceptability in motor vehicle 
collisions that involve plaintiffs who are not wear
ing their belts during a collision. Contributory 
negligence is conduct on the part of the plaintiff 
that falls below the standard to which he or she is 
required to conform for his or her own protection. 
Further, as a result of such conduct, the plaintiff 
must have suffered harm. Thus, although defendants 
may be found negligent in violating their duty of 
care to the plaintiff and would otherwise have been 
held liable for the full extent of the proven dam
ages, plaintiffs may either be denied recovery al
together or their damages may be reduced in propor
tion to the extent of their own negligence in not 
wearing a seat belt on the principle that their own 
conduct disentitles them to fully succeed. 

In a motor vehicle action where this concept is 
raised, the judge or jury must conclude both that 
the seat belts are an established, desirable safety 
feature of the vehicle and that in the collision the 
available restraint system would have reduced or 
prevented the injury. It will be easier to estab
lish the first element, the desirability of the use 
of the belt, where seat belt legislation is in ef
fect. 

Even in jurisdictions without seat belt legisla
tion, the common law over the past two decades has 
been increasingly recognizing that failure to wear 
seat belts constitutes contributory negligence. 
Seat belt studies should make it clear that there is 
no limit on the amount that may be offset against 
the overall damages awarded. That is, contributory 
negligence for failure to wear seat belts should 
permit an offset against the global award to the 
full extent that expert evidence establishes that 
failure to wear the belts contributed to the in
juries suffered, with no ceiling on this amount. 

The causal relation between the violation of the 
statute (or the failure to wear the belt at common 
law) and the harm to the plaintiff must still be es
tablished. It therefore becomes necessary to ana
lyze the kinematics of the collision, relate them to 
the described injuries, and predict the modification 
of the injury patterns that likely would have pre
vailed if the available restraint system had been 
properly employed. 

Mr, Justice Linden, at the time Professor of Tort 
Law at Osgoode Hall Law School, urged the judiciary 
to consider the following (].): 

Tort law should do what it can to encourage the 
use of seat belts. It has at its command the 
machinery for this purpose. If it were held that 
the failure to wear belts amounted to contribu
tory negligence, it might help to educate the 
public to their undoubted effectiveness. Al
though the deterrent role of tort law has dimin
ished in importance since the rise of liability 
insurance, the threat of a finding of contribu
tory negligence may still have some force. The 
unbuckled plaintiff cannot merely shrug his 
shoulders and say his insurance company will pay 
for his negligence; it is money out of his own 
pocket if he neglects to strap himself in. More
over, by adopting the seat belt defence, our 
courts may act as a catalyst to our sluggish 
legislatures. By moving into this field, perhaps 
tort law can stimulate more comprehensive legis
lative treatment, something that would be prefer-
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able to the piece-meal approach of the common law. 

We submit that if the common law continues to 
develop by itself, the seat belt defense will be in
creasingly recognized by the courts in the assess
ment of contributory negligence. If the seat belt 
defense is to be recognized by law, such statutes 
should be broad rather than restrictive to provide 
just penalty for unreasonable behavior on the part 
of an individual by which he or she contributes to 
injuries caused him or her by someone else's negli
gent act. 
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Impact of Legislation and Public Information and 

Education on Child Passenger Safety 
K.W. HEATHINGTON, JOHN W. PHILPOT, AND RANDY L. PERRY 

The State of Tennessee passed legislation in 1977 (effective January 1, 1978) 
requiring that children under four years of age who _are traveling in motor ve· 
hicles, with certain exceptions, be restrained in child-restraint devices (CRDs). 
A large-scale public information and education (Pl&E) program was established 
that concluded with an analysis of the impact on child passenger safety of the 
legislation and Pl&E program. The Pl&E program involved two intensity levels 
of application: (a) a higher-intensity level, called the comprehensive plan (CPl, 
and (b) a lower-intensity level, called the basic state plan (BSPl. At the end of 
a two-year period, the CRD use rate was increased 103 percent over the base
line rate based on statewide estimates. The CP, when applied to target areas 
during the operational period of this research, was significantly more effective 
in increasing CRD use than the BSP. The expected number of deaths was re
duced by 10 over a three-year period. There was a strong correlation between 
individuals using seat belts and individuals protecting their children by placing 
them in CRDs. Characteristics of nonusers of CRDs were identified through 
various statistical analyses. A nonuser is (al less likely to be wearing a seat belt, 
(bl more likely to have a lower education-attainment level, (cl more likely to 
have more passengers in the vehicle, (d) more likely to be transporting older 
children (under four years of age), (el less likely to be the parent of a child, 
(f) likely to be in a lower income bracket, and (gl less likely to own the vehicle. 

The State of Tennessee passed legislation in 1977 
requiring that children under four years of age who 
are traveling in a mo tor vehicle, with certain 
exceptions, be restrained in child-restraint devices 
(CRDs). The legislation became effective January 1, 
1978. As a result of this legislation, a large
scale public information and education (PI&El pro
gram was established in the state that concluded 
with an analysis of the impact on child passenger 
safety of the legislation and the PI&E program. The 
State of Tennessee, by passing an active child-re
straint law, provided a unique research situation in 
the united States. Until Tennessee passed the 
restraint law in 1977, which required that children 
under four be protected in most moving vehicles, no 
state had any type of passenger-restraint law for 
any age group. 

The research reported on in this paper was de
signed to investigate the effect of the Child Pas
senger Safety Program on the reduction of fatalities 
and injuries to children under four years of age in 
Tennessee for a two- to three-year period after the 

law and PI &E programs were implemented. [This paper 
is one portion of the larger research effort of the 
Child Passenger Safety Program (l-ll_).] Study areas 
were selected and procedures were developed to 
collect data on CRD use. The data-collection in
struments were designed to record information from 
both observations of CRD use and interviews with 
parents. The information collected included charac
teristics of children under four years of age as 
well as characteristics of their parents. 

BACKGROUND 

Target Areas 

The target areas chosen for this research were 
representative of both urban and nonurban areas in 
Tennessee. The five major metropolitan areas of the 
state were selected for the urban sampling; i.e., 
Memphis, Nashville, Knoxville, Chattanooga, and the 
Tri-Cities area of Johnson City, Kingsport, and 
Bristol. Three nonurban areas, one in each of the 
geographical divisions of the state, were chosen to 
represent the more rural population. The nonurban 
target area was made up of merged data from Dyers
burg, Columbia, and Morristown. The term more rural 
is used because the three areas in which the sam
pling occurred may not be considered rural by most 
standards, although the population that surrounds 
each town within an approximate JO-mile radius is 
largely rural. Each of the nonurban areas chosen, 
however, has towns within the 30-mile radius that 
have more than 5000 persons in population. The east 
Tennessee area has three towns within 30 miles that 
have morE! than 5000 residents, the middle Tennessee 
area has two, and the west Tennessee area has one. 

An average of five sites was chosen within each 
urban area to collect data. The nonurban areas had 
one or two sites each. Shopping areas, regional and 
local, were selected as the sites to collect a large 
percentage of the data because of the large volume 
of traffic composed of parents who stopped with 
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small children. The selected sites represented a 
variety of types of shopping areas that attracted a 
broad range of shoppers from low to high socio
economic and educational levels. The locations of 
the urban and nonurban areas chosen as study areas 
for this research are illustrated in Figure l. 

Tennessee Characteristics 

The State of Tennessee is divided naturally into 
three geographical divisions--the mountains and 
valleys of east Tennessee, the basins and rolling 

Figure 1. Location of target areas for data collection. 

ltl- CITIES 

ll I 
6 SelectedStandardMetropolitanStatisticalArea(Tennesseeportiononly) 

0 SelectedUonurbanArea(30-mileradiusofhrCJetarea) 

Table 1. Population, selected Tennessee urban areas. 

Area 
Population, 
1970 

Estimated Population, 
1975 

Memphis 
Memphis (SMSA) 
Memphis SMSA (TN)" 
Nashville (metro) b 

Nashville (SMSA) 
Knoxville 
Knoxville (SMSA) 
Chattanooga 
Chattanooga (SMSA) 
Chattanooga SMSA (TN)" 
Tri-Cities 
Tri-Cities (SMSA) 
Tri-Cities SMSA (TN)" 

623 530 
834 006 
750 015 
448 003 
669 144 
174 586 
409 409 
119 082 
370 016 
260 567 

85 772 
312876 
292 808 

Note: SMSA= standard metropolitan statistical area. 

661 319 
873 300 
767 000 
451 200 
753 100 
183 383 
436 100 
165 282 
393 000 
294 000 

99 365 
339 000 
313 000 

3 Includes only population inside Tennessee. blncludes all of Davidson County. 

Figure 2. Data collection and Pl& E implementation plan. 
Ta rQet Arc• 
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Columbia 
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Oct. 
77 
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hills of middle Tennessee, and the flat lowlands of 
west Tennessee. In 1970, the population was 
3 923 687, with approximately 59 percent of the 
people residing in nonrural settings. Nonrural is 
defined as any place of 2500 or more inhabitants. 
The population estimate in 1977, just before the 
beginning of the research, was 4 299 000. The urban 
populations of the areas under study are shown in 
Table l (13), and the populations of the nonurban 
areas usedin the study are shown in Table 2 (13). 
In 1975 Tennessee had 81 272 miles of highways and 
streets, 12 308 miles of which were classified as 
urban. There were 2 725 569 registered motor vehi
cles in 1975, which included more than 2 000 000 
automobiles. A total of 2 434 206 persons had valid 
driver's licenses in Tennessee in 1975. There were 
32 926 million vehicle miles driven in Tennessee in 
1975. The estimation for 1978 by the Tennessee 
Department of Transportation was 37 500 million 
vehicle miles. The estimate of the total number of 
children under four years of age, as of January l, 
1978, was 251 132. 

SAMPLING AND PI&E IMPLEMENTATION PLAN 

The sampling and PI&E implementation plan for this 
research is shown in Figure 2. CRD use data were 
collected before the effective date of the law and 
every six months after the effective date of the 
law, for a two-year period. The data collected 

table 2. Population, selected Tennessee {lonurban areas. 

Population, 1970 Estimated Population, 197 5 

Area 

Dyersburg 
Dyer County 
Columbia 
Maury County 
Morristown 
Hamblen County 
Total 

Jan. July 
78 78 

City 

14 523 

21 471 

20 318 

56 312 

Jan . 
7 9 

County 

30 427 

43 376 

38 696 
112 499 

July 
79 

Jan . 
80 

City 

14 694 

22 124 

20 655 

57 473 

July 
BO 

BSP CP + LP CP + LP CP + LP CP + LP 

BLD SAS SAS SAS SAS 

CP CP CP CP CP 

BLD SAS SAS SAS SAS 

BSP CP CP CP CP 

BLD SAS SAS SAS SAS 

BSP BSP CP + LP CP + LP CP + LP 

BLD SAS SAS SAS SAS 

BSP BSP CP CP CP 

BLD SAS SAS SAS SAS 

BSP BSP CP CP CP 

BLD SAS SAS SAS SAS 

C 
0 

~ 
~ ., 
t .. .. 
0 
C. ., 
"' 
! 
"' 
"' >, 
';;; 
C 
< 

County 

31 727 

45 879 

43 405 
l2IOll 

Oct . 
80 

Legend: BLD = Base 1 i ne Data CP = Cooprehens1ve Plan (includes BSP) 
LP = Loaner Program SAS = Semiannual Survey 

BSP = Basic State Plan 
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prior to January 1, 1978, provided the baseline data 
for comparison purposes throughout the program. As 
can be seen from Figure 2, baseline data were col
lected in each of the target areas. In addition, a 
semiannual survey was conducted at each location. 

A comprehensive plan (CP) and a basic state plan 
(BSP) for PI&E were initiated for six-month inter
vals at different target areas. The use of these 
two plans in different target areas was to provide 
analyses relative to the cost-effectiveness of 
comprehensive PI&E programs. Two target areas, 
Chattanooga and Memphis, were selected for implemen
tation of loaner programs. The loaner programs 
provided a mechanism whereby low-income families 
could receive CRDs without having to purchase them 
at regular retail prices. 

The BSP was designed to distribute brochures 
informing parents of children under the age of four 
of the law and how they could protect their chil
dren. Stand-up posters for offices were designed 
and distributed with the brochures. Distribution 
was made to hospitals, doctors' offices, clinics, 
and other strategic places where parents with small 
children visited frequently. 

The CP included using a mass media approach to 
inform the general public about the law and the need 
for passenger protection. Public service announce
ments, news spots, and talk shows on television and 
radio were used. Newspapers were encouraged to run 
feature stories and to cover events such as press 
conferences. Newspaper editorials were also effec
tive public information sources. Billboards were 
also used as part of the CP. As can be seen from 
Figure 2, the CP was initially implemented in Nash
ville on January 1, 1978. The overall master plan 
shown in Figure 2 called for the number of target 
areas receiving the CP treatment to be increased 
during each six-month interval until all target 
areas were included. 

A loaner program, designed to provide CRDs to 
selected citizens who could not afford them, was 
implemented at one target area beginning six months 
after the effective date of the law and PI&E pro
gram. A second target area received the loaner 
program six months after the first loaner program 
was initiated. 

Evaluation Limitations 

Th is study was designed to evaluate the impact of 
legislation and a PI&E program promoting child 
passenger safety. Measures used for evaluation were 
CRD use and the change in the number of fatalities 
and serious injuries among children under four years 
of age. One limitation recognized early in the 
project was the inability to restrict the PI&E 
treatment rigidly to a given target area called for 
by the study design. Nashville was designated as 
the target area to receive the CP initially. An 
evaluation of the effectiveness of the CP was based 
on the premise that Nashville could be compared with 
all other urban target areas that had received only 
the BSP. Minor leakage of CP information intended 
only for the Nashville target area was reported. 
Urban areas other than Nashville had some programs 
promoting CRD use that were not a part of the proj
ect design. These programs likely had an influence 
on CRD use rates beyond that which the BSP might 
have had. However, from normal observations, it did 
not appear that the leakage was sufficient to 
greatly influence the analysis. 

There was another limitation that might have 
affected CRD use. Nashville, for instance, is the 
state capital; therefore, there is a larger number 
of government employees than in other areas of 
Tennessee. Nashville area residents are more likely 
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than residents of other urban areas to be aware of 
new legislation because of local publicity. Thus, 
the use rates in Nashville could have been increased 
slightly by this difference in characteristics from 
other areas in the state. 

Great care was taken to minimize any leakage of 
information from the CP into areas in which it had 
not been introduced. All activities of the program 
were controlled carefully to minimize any possible 
effects of external variables. 

Data Requirements for CRD use 

Relatively large samples were required to make 
competent assessments of changes in CRD use. The 
sample-size calculations were predicated on the need 
to detect any substantial increases in the use rates 
of CRDs at critical points in the implementation 
plan. For example, in tests contrasting urban 
target areas within a particular operational period, 
would the pooled CP results give higher CRD use 
rates than the pooled BSP results? Or, when com
paring across time periods for a given target area, 
would the BSP engender higher CRD use rates than 
those observed for the baseline? And would the CP 
result in higher CRD use rates when compared with 
the BSP across time? A number of such scenarios 
were investigated. 

The appropriate statistical technique to deter
mine if an observed increase is significant is a 
test of proportions. Figure 3 illustrates the 
hypothesis that was to be tested. 

The next step was to specify the conditions under 
which the tests would be made. All calculations 
assumed the following: 

1. a= e = 0.10; 
2. The baseline CRD use rate would be low, on the 

order of 5 to 10 percent; 
3. The llP increase in the CRD use rate induced 

by the BSP would be about 0.03 for the first six
month period and about 0,01 for the next six-month 
period; 

4. The lip increase resulting from the CP would 
be at least 0.05 for each six-month period; and 

5. All effects would be additive. 

In addition, when comparing across time periods, 
sample sizes per interval were initially assumed 
equal, and the following equation was used: 

(I) 

where d = P2 - Pl. Figure 4 shows curves for 
determining sample size by using the above formula 
for the stated conditions. 

To illustrate the calculations for sample size, 
consider one of the more important comparisons, 
where the CRD use rates in Knoxville in operational 
periods 1 and 2 were to be tested to determine if 
the CP generated a significant increase in CRD use 
when compared with the BSP results. Let Pl = ex
pected CRD use rate for Knoxville in the first 
operational period (BSP) and P2 = expected CRD use 
rate for Knoxville in the second operational period 
(CP). The sRmple sizes required for various combi
nations of Pl and P2 can be read from Figure 4 
or, more precisely, calculated from Equation 1. The 
results are summarized in the array below: 

Pl 0.05 0.05 0.06 0.10 0.08 

P2 0.11 0.10 0.11 0.16 0.13 
n 266 363 406 410 491 

The first combination (P1 = 0.05, P2 = 0.11, 
n = 266) also is illustrated in Figure 4. It can be 
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Figure 3. Basis for the statistical test. 

Figure 4. Sample size requirements for CAD use. 
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seen that for most of the situations envisioned for 
this test, a sample size on the order of 400 was 
indicated. 

A number of other test scenarios were investi
gated in a similar manner. No one sampling plan 
could satisfy both the· budget constraints and the 
requirements for precision. The compromise solution 
was to obtain 800 observations for each target area 
in the baseline period, 400 observations for each 
target area per BSP operational period, and 500 
observations for each target area per CP operational 
period. 

The table below shows a comparison of design 
sample s i zes versus the actual sample sizes: 

Actual 
Item Design -1.!Ys.L 
Baseline 800 869 
BSP 400 560 
CP 500 630 

It can be seen that, in general, the design sample 
sizes were exceeded by a comfortable margin. 

Data Requirements fo r Sea t Be lt Use 

A family of curves was developed for sample-size 
selection for seat belt use (Figure 5) for both 
urban and nonurban areas by using the same proce
dures for CRD use sample-size selection. The sample 
size for each category was based on a power of test 

P2 

---- Critical Region 

Figure 5. Sample size requirements for seat belt use. 
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of 0.99 and an alpha level of 0.01. The sample size 
requ i red for each urban target area was 3800 obser
vations. This sample size was chosen by assuming a 
15 percent use rate during the baseline data-collec
tion period and a 19 percent use rate during the 
first operational data-collection period. The 
sample size required for nonurban areas was 2913 
observations--971 at each nonurban location . The 
assumption of 5 percent seat belt use by drivers at 
the nonurban locations was made after preliminary 
review of one day's data collection at one nonurban 
location. It was assumed that there would be about 
the same increase (3 percent) in seat belt use by 
drivers as the assumed increase in CRD use because 
of the fact that the PI&E program had an underlying 
message for all occupants and not just child passen
gers. It was anticipated that this sample size 
would be greatly exceeded if all drivers were ob
served while collecting the sample size for CRD use. 

Death and Injury Data Requirements 

To determine the death and injury rates resulting 
from motor vehicle accidents it was necessary to 
depend on accident records from accident investiga
tion files. Based on the records of previous years, 
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approximately 1000 accident injuries to children 
under four years of age were expected each year. 
Fewer than half of these were investigated by the 
Tennessee Highway Patrol. To compare death and 
1n1ury rates by CRD use category, the Tennessee 
Department of Safety provided accident records of 
child occupants under four years of age involved in 
vehicle accidents: the specific data came from a 
supplemental accident data-collection form used by 
the Tennessee Highway Patrol . 

Levels of Data Collection 

Three tiers of levels of CRD use data were collected 
in this project. The tier 1 level was designed to 
record observed information in a matter of seconds 
as vehicles passed an observation point. Tier l 
data were not recorded on vehicles specifically 
exempted by the law. Data were gathered only if 
those eligible vehicles had at least one child 
estimated by the observer to be under four years of 
age. This level of data collection was performed 
primarily at entrances to parking areas at shopping 
centers, although a few observations were made at 
public health centers, pediatricians' offices or 
clinics, and children's hospitals. The information 
recorded on the tier 1 instrument included the 
disposition of the child or children in the vehicle 
(e.g., restrained or unrestrained), the use of the 
seat belt by the driver of the vehicle, and the 
license number of the vehicle for identification 
purposes. 

The tier 2 level of data collection was designed 
as a combination observation, personal interview, 
and self-administered questionnaire. This instru
ment was used to gather specific information about 
the child, parent or guardian, vehicle, and CRD, if 
one were present in the vehicle or if one were owned 
but not present. The self-administered portion of 
the questionnaire was used to collect demographic 
data on the parent or guardian. The personal inter
view took approximately 30-60 s, and the self-admin
istered part took about 60-90 s. Tier 2 level 
respondents were a subset of those observed at the 
tier 1 level where only an estimate of the child's 
age was made. Therefore, the first question at the 
tier 2 level was the age of the child. 

The tier 3 level of data collection involved a 
questionnaire given to the parent or guardian to be 
filled out at a later date and mailed to the Trans
portation Center at the University of Tennessee. 
(This presentation does not report on any of the 
tier 3 level of information.) 

RESULTS OF ANALYSIS 

Baseline Data Results 

A sizable number of vehicles (68 884) were observed 
during the baseline data collection in order to have 
a sufficient number of vehicles with small chil
dren. Only 9.1 percent of the vehicles observed had 
small children as passengers. The drivers of vehi
cles with children under four years of age as pas
sengers were the parents of the children in 87. 2 
percent of the cases observed. The majority of the 
drivers with children under four were females (53.6 
percent). There were more female (58.9 percent) 
than male drivers observed with children using 
CRDs. Of the types of CRDs owned, almost 93 percent 
were car seats and infant carriers. The car seat 
and infant carrier types account for 79.4 and 13.5 
percent, respectively. 

The composite use for all target areas combined 
for the baseline period was 9.2 percent (see Table 
3) . This percentage is an average of the percent-
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Table 3. Statewide CRD use rate estimates. 

Operational Period 

Target Area Baseline First Second Third Fourth 

Nashville 14.0 22.1 19.0 19.1 24.6 
Memphis 10.9 13.Sa 16.5 22.6 18.9 
Knoxville 12.8 20.4a 22.3 21.5 26.9 
Chattanooga 10.9 16.58 9.2° 15 .0 23.7 
Tri-Cities 10.7 17 .93 15 .11 19.91 20.6 
Urban averageb 11.8 18.3 17 .0 20.0 22.9 
Nonurban average 6.5 12.s• 9.7' 13.0 14.5 
Statewide estimates0 9.2 15.4 13.4 16.5 18 .7 

~BSP. 
Wclgh t according to sample 1ize. 

c r.& 11.motes = (1 /2) (nonurban + urban average). 

ages of use for urban and nonurban areas. A 
weighted average for just urban areas showed 11.8 
percent use compared with 6. 5 percent use for non
urban areas. 

A contingency table analysis of use for the 
baseline period revealed that there is a significant 
relationship between CRr. use and the age of the 
child. The use rate was highest for the youngest 
children and lowest for three-year-olds. The number 
of children under four years of age in the vehicle 
had a significant bearing on use rates. The use 
rate was greatest when two or more children under 
four were present in the vehicle. Other significant 
relationships between selected variables and use 
included family income, marital status, number of 
adult passengers in vehicles, employment status of 
respondent, employment status of the couple, educa
tional status of respondent, educational status of 
the respondent's mate, and educational status of the 
couple. 

Seat belt use of all drivers observed during the 
baseline data-collection period was only 7 ,0 per
cent. The percentage of seat belt use by drivers 
with small children was even smaller at 4.1 percent. 

There was a significant relationship between the 
driver's decision to use seat belts and the dr.iver '.s 
decision to place a child in a CRD. It was dis
covered that, of those drivers who used seat belts 
themselves, 44 percent placed their children in 
CRDs. Of those drivers not using seat belts them
selves, only 7.3 percent had their children re
strained in CRDs. 

Data Results of Operational Periods 

CRD Use 

Data were collected at each of the target areas each 
six months for a total of four data-collection 
periods after the law went into effect January 1, 
1978. Thus, data were compiled over a period of two 
years after the law went into effect, Table 3 
provides a summary of the statewide CRD use rate 
estimates for the baseline and four operational 
data-collection periods. It can be seen from Table 
3 that there was generally an increase in CRD use 
rates for both urban and nonurban areas. Figure 6 
shows the urban and nonurban CRD average use rates 
for the baseline and four operational periods, 

It is interesting to note from Figure 6 that the 
second observational period showed a decrease in CRD 
use rates from the first operational period. The 
reasons will not be discussed in detail in this 
paper, but it was believed that this decrease was 
attributable to the enforcement program. The gen
eral public seemed to perceive that there would be 
strong enforcement at the beginning of the implemen
tation of the law. However, the plan was to provide 
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a strong educational program for the general public 
and then begin a strong enforcement program at a 
later date. When the enforcement did not occur at 
the beginning, the public most likely thought that 
enforcement was not going to occur. However, when 
it was substantiated that the general public did 
understand the legislation and was knowledgeable of 
its requirements, a strong enforcement program was 
emphasized. This began toward the end of the second 
operational period. From that point, there was a 
continual increase in CRD use rates. 

Figure 7 is helpful in illustrating CRD use rates 
by target area and PI&E plan. This figure reveals 
that in every contrast indicated by arrow pairs, 
each BSP CRD use rate is significantly higher than 
its corresponding baseline value. In turn, each CP 
CRD use rate is significantly higher than its cor
responding BSP value. It also shows that Nash
ville's four periods of the CP led to significantly 
higher rates compared with its baseline measure. 

In summary, significant increases in CRD use were 
observed at each target area by the end of the 
two-year program. CRD use statewide was improved by 
more than 100 percent over the baseline rate of 9.2 
percent. Comparisons across time indicated that the 
BSP resulted in a significant increase over the 
baseline and the CP generated a significant increase 
over the BSP rates. Comparisons within time periods 
tended to confirm these PI&E results. Nonetheless, 
the increases were relatively small in absolute 
terms, and, therefore, the cost-effectiveness of the 
programs becomes more important. 

Comparisons with Another Study 

The Child Passenger Safety Program measurements of 
CRD use were independently verified by another 
agency that was monitoring CRD use rates in two of 
the urban target areas. The Insurance Institute for 
Highway Safety investigated CRD use not only in 
Knoxville and Nashville, Tennessee, but also in 
Lexington and Louisville, Ke ntucky. By using a 
different methodology than the Child Passenger 
Safety Program, the Insurance Institute for Highway 
Safety collected data on cars exiting from shopping 
cente rs (14). CRD use rates were measured three 
times--August 1977 (pre-law), April 1978, and May 
1980. 

The Insurance Institute for Highway Safety was 
interested both in a comparison of pre-law and 
post-law CRD use in Tennessee and in a comparison of 
Kentucky and Tennessee rates, the most important 
diffe rence being that Kentucky had neither a law nor 
an extensive Pl&E program. 

The CRD use rates obtained by the Child Passenger 
Safety Program f o r Knoxville and Nashville are 
superimposed on the Insura nce Institute for Highway 
Safety results in Figure 8, The general trend for 
the Tennessee target areas, as measured by the two 
agencies, is the same: a low baseline rate, a 
moderate but significant increase shortly after 
implementation of the law, and a substantial in
crease in CRD use rates by the end of the study. 
The levels of CRD use for Tennessee, measured by the 
two agencies, are comparable as well. 

The pattern for Tennessee, however, is in sharp 
contrast to that observed for Kentucky. While the 
two states had roughly the same initial CRD use 
experience, by the end of the study Kentuc ky' s us e 
rate had regressed to 14 perce nt, near its 1977 
level, while Tennessee's use rates had climbed to 
nearly 30 percent. If Kentucky is a valid control, 
then the final result is vivid evidence of the 
long-te rm impact of the Pl&E and law enforcement 
c ombination. 

Figure 6. CRD use rates. 
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Figure 7. Comparison of use rate changes. 
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Seat Belt Use 

While the use of seat belts for all drivers declined 
overall after the initial measurement (baseline 
period), the use rate increased for those drivers 
with small children. There was less use in nonurban 
areas than in urban areas. Nonurban areas had 2.2 
percent use of seat belts by all drivers, while the 
urban areas had 7.0 percent use for the operational 
periods. 

The change in seat belt use rates for drivers 
with small children went from 4. 5 percent to 7 .1 
p ercent in urban areas while in nonurban areas use 
shifted from 2.7 percent to 2.8 percent. Generally, 
the subset of drivers with small children had lower 
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initial use than the set of all drivers. 
The relationship between drivers' use of seat 

belts and restraint of children in CRDs, which 
proved to be significant for baseline data, was also 
significant when tested by using operational fre
quencies for the variables. The percentage of 
drivers observed as seat belt users and who also had 
children in CRDs increased between the two time 
periods from 44 percent during the baseline period 
to 55.3 percent in the operational periods. On the 
other hand, those drivers who did not use seat belts 
used CRDs for the children with them at only a 19.7 
percent rate i but this percentage is a tremendous 
improvement over the 7 .3 percent observed for the 
baseline period. 

Babes-in-Arms Clause 

The legislation in Tennessee permitted an older 
person to hold a child rather than placing the child 
in a CRD while traveling in an automobile. There 
are numerous data that indicate that this is a very 
serious and dangerous manner in which to transport 
children in an automobile. Many thought that par
ents and guardians in Tennessee would use this 
exemption within the law to circumvent using CRDsi 
however, the proportion of children under four being 
held by older passengers in the vehicle did not 
change significantly after implementation of the 
legislation and the PI&E program. Twenty-six per
cent of children in the baseline period and 22.6 
percent of children in the operational periods were 
held by older passengers. Thus, the expectations of 
circumventing the law by holding children did not 
occur. (The clause permitting children to be held 
by older passengers was later removed.) 

Accident Analysis 

A supplemental accident data-collection form was 
developed for the Tennessee Highway Patrol and used 
in the investigation of accidents involving children 
under four years of age. The Tennessee Highway 
Patrol normally investigates accidents on state 
highways and would not normally be involved in the 
investigation of an accident on a road that was not 
under state jurisdiction. Thus, the total accidents 
analyzed and reported on here are less than the 
total that occur in the state. 

Data taken from these supplemental forms for a 
three-year period (1978-1980) are reported in Table 
4. It is seen from Table 4 that 350 observations 
were made on accidents in which CRDs were used. In 
addition, 964 observations were made on accidents in 
which CRDs were not used. The data were broken down 
into accidents in which there were no injuries to 
children, those in which there were injuries, and 
those in which fatalities occurred. It is also seen 
from Table 4 that an injury rate was calculated for 
CRD nonusers. Some 47.1 percent of CRD nonusers 
involved in accidents sustained no injuries; how
ever, 49.5 percent of CRD nonusers involved in 
accidents did sustain 1nJuries and 3.4 percent 
resulted in fatalities. It is immediately apparent 
that CRD users have two major advantages over the 
unrestrained if they are involved in automobile 
accidents: (a) CRD users are more likely to escape 
without injury and (b) CRD users have almost no risk 
of fatality. Other data also indicate that CRD 
users have less risk in each injury category (i.e., 
minor injury and major injury). 

If one assumes that these same injury rates for 
CRD nonusers would apply to CRD users involved in 
accidents if they did not use CRDs, one can develop 
an expected number of no injuries, injuries, and 
fatalities for the CRD user category, as shown in 
the table below: 

Transportation Research Record 844 

Type Expected Savings for 
of for Three-Year Period 
Injury CRD Users Observed jexeected-observedj 
No injury 165 232 -67 
Injury 173 116 +57 
Fatality 12 2 +10 

Thus, based on the table, one could expect 165 
no-injury accidents for a three-year period, but 232 
were observed. Thus, there was an increase of 6 7 
noninjuries through the use of CRDs. In addition, 
if the CRD users had not used CRDs, one would have 
expected 173 injuries, but 116 were observed. Thus, 
there were 57 injuries that did not occur because of 
the use of CRDs. Even more important, one would 
have expected 12 fatalities to occur in this three
year period; however, only two occurred. Thus, 
there was a saving of 10 fatalities through the use 
of CRDs in this three-year period. 

The total number of deaths and injuries of chil
dren under four in the state did not decrease under 
the Child Passenger Safety Program but remained in 
the same range as before implementation of the law. 
However, the total number of deaths fluctuates 
(i.e., " 10 to 30) from year to year without 
significant changes in population, motor vehicle 
miles traveled, number of drivers, or other vari
ables that tend to influence the number. Thus, the 
use of the actual number of death reductions as a 
sole measure of effectiveness is not really appro
priate. It is more useful to investigate individual 
accidents to determine the death and injury rates 
for CRD nonusers, and then to apply these rates to 
CRD users to estimate the saving that most likely 
occurred with the use of CRDs. 

CONCLUSIONS AND RECOMMENDATIONS 

The evaluation of the PI&E program involved the 
measurement of the effectivensss of two intensity 
levels of application. The highest-intensity level, 
the CP, was applied in progression to specific 
target areas during the study. The lower-intensity 
level, the BSP, was used statewide for the entire 
period after implementation of the law. An evalua
tion was made of the two intensity levels by com
paring the target areas having the CP with target 
areas having only the BSP. 

There were factors that may have influenced the 
CRD use rates that were practically uncontrollable, 
These factors included the leakage of information, 
which only CP target areas were to receive, to other 
urban areas and independent programs in the urban 
areas, both of which were outside the control of 
this study. However, it is believed that the impact 
of this leakage was minor and, if completely elimi
nated, would give even more importance to the CP. 

The results of this study should have application 
for similar situations in other states. The impli
cations of the results of this study are included in 
the following summary of the major conclusions and 
recommendations: 

1. The rate of CRD use was significantly in
creased in Tennessee after implementation of a law, 
a PI&E program promoting child passenger safety, and 
a law enforcement campaign. This conclusion is 
based on evaluation after two years of operation, 
assuming no seasonal variation. The final CRD use 
rate was 103 percent higher than the baseline rate, 
based on statewide estimates. 

Every state should develop methods to increase 
child passenger protection. Legislation requiring 
the use of CRDs by small children should be one of 
the more important methods developed. 

2. The CP, when applied to target areas during 
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Table 4. Automobile accidents for children under 
four years of age. CRD Users 

Type of 
Injury 1978 1979 

No injury 78 72 
Injury 34 38 
Fatal 
Total TIT TTo 

the operational period of this research, was sig
nificantly more effective in increasing CRD use than 
the BSP. The actual size of the difference was 
partially masked by the bleeding of information into 
BSP areas . The CP is also substantially more costly 
than the BSP. 

The decision of whether or not to use a CP as 
defined in this project should also be based on 
economic considerations. A lower-intensity plan, 
such as the BSP in this study, has a relatively low 
cost, Since the CP campaign had a definite impact, 
low-cost mass media programs should be considered. 
Any Pl&E program should be coordinated with a law 
enforcement campaign. 

3, There were no reductions in overall fatalities 
or serious injuries during the Child Passenger 
Safety Program for children under four; however, the 
children in CRDs had significantly more protection 
than those that were not in CRDs. Of the 35 in
dividual deaths investigated in a three-year period, 
33 involved children without CRDs. By this measure, 
use of CRDs prevented at least 57 injuries and 10 
fatalities during the three years. This estimate is 
a minimum because the child deaths and injuries 
investigated are a subsample of the total child 
deaths and injuries of the state. 

Since the frequencies of fatalities are low, this 
should not be used as a measure of effectiveness of 
this type of safety program. The best measure of 
effectiveness of the program is to apply the 1nJury 
and fatality rates of unrestrained children to the 
group using CRDs. 

4, The proportion of children under four being 
held by older passengers in the vehicle did not 
change slgnificantly after the implementation of 
legislation and the Pl&E program; 26.0 percent of 
children in the baseline period and 22.6 percent of 
the children in the operational periods were held by 
older passengers. However, holding children while 
traveling in an automobile is very dangerous. 

Legislation should not permit an older passenger 
to hold a child while traveling in an automobile. 
(The Tennessee law's babes-in-arms clause has been 
rescinded.) 

5. There was no increase in seat belt use by all 
drivers observed between the baseline and opera
tional measurement periods, However, when a subset 
of drivers who had small children with them was 
measured, there was a significant increase in seat 
belt use. Drivers who are users of seat belts tend 
to protect their children by placing them in CRDs; 
i.e., there was a significant relationship between 
the drivers' decision to use seat belts and their 
decision to place their children in CRDs. 

To increase the use rates of both seat belts and 
CRDs and thus to decrease deaths and injuries, a 
passenger-restraint use law for all vehicle occu
pants should be passed and strictly enforced. 

6 . The variables that best distinguish between 
users and nonusers of CRDs were identified. By 
using these variables as descriptors, a nonuser is 
(a) less likely to be wearing a seat belt, (b) more 
likely to have a lower educational-attainment level, 
(c) more likely to have more passengers in the 
vehicle, (d) more likely to be transporting older 
children (under four years of age), (e) less likely 
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CRD Nonusers 

1980 Total 1978 1979 1980 Total Injury Rate(%) 

82 232 175 I 10 169 454 47 .1 
44 116 148 163 166 477 49 .5 

2 2 3 17 13 33 3.4 rn 350 326 290 348 %4 

to be the parent of the child, (f) more likely to be 
in a lower income bracket, and (g) less likely to 
own the vehicle. 

The major focus of PI&E campaigns should be 
directed toward the specific target groups that fit 
characteristics of the nonuser. 
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Automobile-Restraint Controversy: Analysis and 

Recommendations 

DOUGLAS B. BRITTAIN AND YOSEF SHEFFI 

Some of the costs and benefits of motor vehicle passenger-safety systems and 
policies, including passive seat belts, air bags, and a mandatory seat-belt-use 
law, are analyzed. This paper argues that since the last alternative is signifi
cantly more cost effective than the first two, the federal government should 
have offered it as an option to states instead of abolishing the passive re
straint requirement. 

In October 1981 (J), the Reagan Administration 
abolished the most significant regulatory action of 
the National Highway Traffic Safety Administration 
(NHTSA) by eliminating the passive restraint re
quirements from Federal Motor Vehicle Safety Stan
dard (FMVSS) 208 (l). This regulation required cars 
manufactured after September 1982 to be equipped 
with passive restraints for front-seat occupants. 
Unlike conventional seat belts, passive restraint 
systems require no action by either driver or pas
senger in order to be activated, thus providing 
automatic protection to automobile occupants in 
almost every accident. These systems are aimed at 
the heart of the problem with current seat belt sys
tems--the low use rate. Only about 10 percent of 
U.S. drivers wear their seat belts. 

Manufacturers are planning to meet the pending 
requirement by using one of two systems: passive 
belts or air bags. Passive belts are standard seat 
belts that are automatically buckled up as the occu
pant enters the vehicle while air bags consist of 
large pillows that inflate in case of an accident, 
thus restraining the occupants' movement. A more 
detailed technical description of these systems is 
provided later in this paper. 

The analysis offered in this paper shows that the 
recent action by the Reagan Administration can be 
easily justified on the basis of cost-effectiveness 
considerations. In order to be justified, though, 
it has to be compared with an alternative course of 
action--the implementation and enforcement of a 
mandatory seat-belt-use law. A comparison of this 
alternative with the passive belt and air bag solu
tions suggests that the federal government should 
have complemented its recent action by instituting a 
seat-belt-use law. 

The federal safety concern is motivated by the 
high number of automotive accidents, which cause 
more than 50 000 deaths and 2 million injuries every 
year in the United States (3,4). The regulation 
under consideration concerns roughly 60 percent of 
the fatalities (or about 30 000 deaths) that are 
automobile occupants: the others include mainly 
pedestrians, bicyclists, motorcyclists, and street
car occupants. All the alternative courses of ac
tion mentioned above are designed to save as many of 
these lives as possible as well as reduce the number 
and severity of injuries and ease the economic hard
ship associated with automotive accidents. This 
paper chooses the number of automobile-occupant 
fatalities as the key criterion in evaluating the 
effectiveness and costs of the three aforementioned 
alternatives. This criterion should, however, be 
treated only as a measure of effectiveness: the re
duction in the number and severity of injuries may 
be a much stronger impact of these courses of action. 

The paper is organized as follows. First, the 
passive restraint provisions set forth in FMVSS 208 
are summarized, some background on the functioning 
of seat belts is presented, and the concept of ef
fective use rate that is used in the analysis that 
follows is described. Second, analyses of the three 
alternatives are presented, i.e., passive belts, air 
bags, and mandatory belt use. This presentation in
cludes a technical description as well as a discus
sion of effectiveness, costs, and other considera
tions. Third, the three alternatives are compared 
with each other in terms of several measures and, 
finally, the last sections summarize and conclude 
the paper with an outline of an implementation 
strategy. 

The paper does not report new experimental re
sults but rather tries to shed light on the contro
versy through a comparative evaluation of the maj9r 
alternatives by using existing data. [An abridgment 
of this paper is given elsewhere (2) .] 

BACKGROUND 

This section provides background information for the 
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analysis described later in this paper. First, a 
review of the passive restraint requirements set 
forth in FMVSS 208 is presented. This is followed 
by a short description of how restraint systems work 
by using conventional seat belts as an example. 
Finally, the concepts of effectiveness and use rate 
are discussed; these are major factors in evaluating 
alternative restraint systems. 

Regulations 

The first large-scale federal regulation of the 
automobile industry was initiated in 1966 with the 
passage of the National Traffic and Motor Vehicle 
Safety Act. In this Act, many automotive safety re
quirements were established, most of which were in
troduced on 1968 model-year vehicles. 

Most of the more recent safety regulations have 
been devised by NHTSA, an agency of the U.S. Depart
ment of Transportation (DOT) established by Congress 
in 1970. Although NHTSA has been involved in 
several areas over the years, its most significant 
regulatory action was the promulgation of the pas
sive restraint law, officially referred to as FMVSS 
208. 

The passive restraint provisions of FMVSS 208 
were originally scheduled to take effect as early as 
1973, but the effective date has been postponed 
several times. As the law stood until October 1981, 
large and intermediate-sized cars built after 
September 1, 1982, were required to be fitted with 
passive restraints, as were small cars beginning in 
September 1983. In October 1981, however, the Reagan 
Administration abolished this law, citing the ex
pected use of passive belts (rather than air bags) 
by manufacturers as one of the reasons. 

Currently, all passenger cars sold in the United 
States are equipped with a three-point seat belt 
(one that incorporates both a lap and a diagonal 
shoulder belt) for the driver and front-seat occu
pant as well as with lap belts for rear-seat occu
pants. FMVSS 208 incorporated a number of provi
sions dealing with vehicle-occupant protection in 
several types of accidents. For front-seat occu
pants, passive protection (measured by injury cri
teria for head, chest, and femur) should have been 
provided in a frontal (:!:_30°) barrier-crash test at 
30 mph. In addition, passive protection should have 
been provided for a 20-mph lateral-impact test 
(within specified head and chest injury criteria) 
and for a 30-mph rollover test (during which the oc
cupants must remain inside the car). A vehicle did 
not have to be subjected to the last two types of 
tests if active or passive lap belts (or three-point 
belts) were provided in conjunction with the passive 
restraint system. Note that this requirement vir
tually guaranteed that all manufacturers would have 
chosen the latter approach, typically by offering 
active lap belts. 

How Seat Belts Work 

In a frontal crash against a solid object at 30 mph, 
the vehicle comes to a complete halt in about 0.1 s, 
during which time the front of the car is crushed 
approximately 20 in (.§_). In such a crash, an un
restrained front-seat occupant continues forward at 
nearly 30 mph, leaving his or her (quickly deceler
ating) seat behind him or her. By the time he or 
she arrives at the dashboard, however, the vehicle 
is almost stopped. The r esult i s the s o-called s ec
ond impact, in which the occupant must decelerate 
from close to 3 0 to O mph in the space of about 1 
in. The resulting forces can cause massive in
juries. The alternative outcome, in which the oc
cupant is thrown through the windshield, can be 
equally disastrous. 
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If the occupant is wearing a three-point seat 
belt, he or she is subjected to much lower forces. 
As the seat decelerates, the occupant decelerates 
along with it (the so-called ride-down effect). In 
addition, belt stretch allows an additional 8 in or 
so of forward movement. Even when the car's post
impact recoil is taken into account, this still al
lows 12-16 in for the occupant to come to a halt, 
which is much more desirable than the 1-in decelera
tion space available without belts. Also note that 
with the use of the belts the head is prevented from 
contacting any unforgiving surface. Instead, the 
head's deceleration is partly absorbed by the neck 
movement without resulting in serious injuries (1). 

In addition to providing protection in frontal 
collisions, a properly worn belt reduces injuries in 
practically all other collisions as well (l). Not 
only does a seat belt decrease the decelerative 
forces on the body, but it also dramatically reduces 
the possibility of occupant ejection. This is par
ticularly important for accidents that involve roll
overs. 

The effectiveness of seat belts has been demon
strated and reported in several European and Amer i
can research projects. Grime (i) analyzes many of 
these studies, observing that the estimated reduc
tion in serious injuries varies from 45 to 70 per
cent, depending on the type and severity of the 
accidents investigated. One study found that for 
accidents equivalent to barrier crashes at approxi
mately 35 mph, the probability of fatal or serious 
injury was six times greater without a seat belt. 
Also, the various studies showed that head injuries 
were reduced by half and ejections are practically 
eliminated with belt use. 

Restraint-System Effectiveness 

In discussing the effectiveness of any restraint 
system one has to distinguish between two compo
nents: (a) the effectiveness of the system given 
that it is activated and ready and (b) the activa
tion rate or the rate of vehicles on the roads in 
which the system is active. These two components 
are discussed in turn in this section. 

The first component of effectiveness may be 
termed technical effectiveness (or conditional ef
fectiveness) to emphasize the fact that it measures 
reductions in death and serious injury given that 
vehicle occupants enter an accident with the re
straint system in an active mode. (This means that 
if one considers a seat belt system, it is buckled 
and properly tightened and if one looks at an air
bag system, it is armed and ready for use.) The 
technical effectiveness depends on three major fac
tors: accident-type effectiveness, accident-type 
frequency, and system reliability. These factors are 
explained below. 

1. Accident-type effectiveness--The various re
straint systems are clearly not equally effective in 
all types of accidents. The accident-type effec
tiveness is the fraction of cases where a restraint 
system would prevent death or serious injury for an 
accident of a particular type. Thus, accident effec
tiveness of 80 percent in a frontal crash at 35 mph 
means that, on average, four out of five occupants 
who use the system are likely to escape death or 
serious 1nJ ury. As another example, note that the 
effec tiveness o f a ny restraint system at a fro ntal 
accident at a speed of 60 mph or more is about O. 

2. Accident-type frequency--Different types of 
accidents (with different accident-type effective
ness measures) occur at different frequencies. In 
order to get a summary measure applicable to all 
types of accidents, one has to compute the average 
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accident-type effectiveness weighted by the accident 
frequency. 

3. System reliability--The probability of a re
straint-system malfunction could also be included, 
and the effectiveness measure described in 2 above 
could be reduced to account for it. This paper as
sumes that the reliability of all the systems con
sidered is very high; thus, this factor can be 
ignored in the comparative evaluations. 

In order to compare the effectiveness of the 
various policy options with regard to restraint sys
tems, it is important to recognize that any system 
has to be in working order and operative in order to 
function. As shown later, the activation rate of the 
passive restraint systems is not 100 percent as 
argued by some proponents but significantly lower 
than that due to deliberate deactivation (mainly of 
passive belt systems) and low maintenance level 
(mainly of the air-bag systems). The low use rate of 
current seat belts was, of course, the motivation 
for FMVSS 208. Thus, one can define an activation 
rate as the proportion of vehicles on the road with 
active and operative restraint systems. 

The product of the two above mentioned compo
nents--conditional effectiveness and activation 
rate--is a possible measure of effectiveness of a 
given automotive restraint policy option. Note, 
though, that these two components are not i ndepen
dent, as it is reasonable to assume that people who 
do not use their restraint system are more acci
dent-prone than people who do (this effect is dis
cussed in more detail later). The above measure of 
effectiveness should thus be scaled down to account 
for this selectivity bias. In this paper, the esti
mated activation rate for each system is modified to 
give a virtual activation rate that is always lower 
than the activation rate itself, thus accounting for 
this bias. The measure of effectiveness is thus the 
product of the technical effectiveness and the vir
tual activation rate, 

As an example, one can calculate the effective
ness of the standard seat belt system. The condi
tional effectiveness of this system has been esti
mated by various sources to be around 70 percent. In 
1976, then Secretary of Transportation William T. 
Coleman used a seat belt conditional effectiveness 
of 60 percent (and a lap belt conditional effective
ness of 40 percent) in evaluating various restraint 
alternatives (8). Thus, one can assume that if acti
vated, the st;ndard seat belt may be effective in, 
say, between 45 and 65 percent of the cases as a 
conservative range. The use rate of seat belts in 
the United States is only about 10 percent; thus, 
the combined measure of effectiveness is expected to 
be in the range of 4.5-6,5 percent. If one believes, 
now, that drivers who wear seat belts are more 
safety conscious and thus less accident-prone than 
the rest of the population, the use rate can be ad
justed from 10 percent to, say, 9 percent. Multi
plying this virtual use rate by the technical ef
fectiveness, one gets a range of 4-6 percent. This 
range represents the effectiveness of the standard 
seat belt without mandatory activation regulation. 

The measure of effectiveness described in this 
section and all its components are used in the 
analysis described in the next sections. 

ANALYSIS OF ALTERNATIVES 

This section presents safety, cost, and implementa
tion-related aspects of the three major alternative 
approaches to occupant protection: passive belts, 
air bags, and (active) seat-belt-use laws. As men
tioned above, the first two represent the current 
technology that manufacturers were planning to use 
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for compliance with government r~gulations. The 
third is an alternative that has been implemented in 
many locations outside of the United States. 

Note that these three alternatives are not the 
only methods of protecting automobile occupants or 
for increasing restraint use. Several other re
straint designs exist, and the systems discussed 
here show potential for significant technical im
provements. The focus of this paper, however, is on 
currently available options. 

Passive Belts 

Passive or automatic belts require no buckling or 
other passenger action to make them operative. The 
most familiar example of this is the Volkswagen VWRA 
passive shoulder belt system available on most of 
its models sold in the United States. A diagonal 
belt is attached to the upper rear of the door and 
runs down across the front of the seat back to a 
take-up reel positioned between the front seats. As 
the door is opened, the belt unrolls from its reel 
and moves forward away from the seat, thereby allow
ing the driver or front-seat passenger room to enter 
the vehicle, As the door is closed, the belt re
turns to restrain the seated individual. The 
spring-loaded emergency-lockup reel keeps the belt 
snug so that no manual adjustment of the belt is 
necessary, In addition, an emergency release of the 
belt is provided so that•the occupant may still es
cape the vehicle in the event that the door becomes 
inoperative in a collision, 

Although a single diagonal belt can effectively 
restrain the torso in a frontal crash, there is 
little to keep the front-seat occupant from sliding 
down under the belt, a phenomenon known as submarin
ing, A lap belt is effective in preventing sub
marining, but the Volkswagen system does not in
corporate a lap belt. Instead, a padded knee 
bolster is positioned under the dashboard and runs 
the width of the vehicle, Since this bolster pre
vents substantial forward movement of the knees, the 
possibility of submarining is practically eliminated. 

Door activation of passive belt systems, as em
ployed by Volkswagen, is an easy system of belt 
activation, but there are other possibilities as 
well. There now exists automatic belt systems that 
use electric motors to correctly position the belts 
during vehicle operation while still allowing suffi
cient belt-to-seat clearance for easy ingress and 
egress (9). Also, some manufacturers have designed 
three-point passive belts that need no knee bolster 
in order to be effective. 

It should be noted here that the current belt and 
bolster design as employed by Volkswagen and other 
manufacturers seem to be less effective than the lap 
belt in four aspects: 

1. The bolster can be depressed only 1-2 in 
while a belt can stretch and allow 4-8 in of body 
movement; 

2. Bolsters must allow for normal vehicle opera
tion and, unlike snug belts, therefore subject knees 
to a loading impact; 

3, Bolsters transmit the impact to the knees, 
which are relatively fragile in comparison with the 
pelvis; and 

4. Bolsters are of no use in other than frontal 
impacts; i.e., they do not provide protection on 
rollover or do not prevent ejections. 

The remainder of this section discusses the effec
tiveness of the passive belt system and its costs. 

Effectiveness 

As mentioned previously, the effectiveness of a re-
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straint device is the product of its co~ditional ef
fectiveness and its virtual activation, where both 
components are in turn a function of several fac
tors, In evaluating the effectiveness of a passive 
three-point belt, it can be assumed that its condi
tional effectiveness would be similar to that of the 
standard three-point belt, The particular Volks
wagen design may have a lower technical effective
ness due to the above mentioned disadvantages of the 
knee bolster and the possibility of the door open
ing, which would leave the occupant unrestrained. 
Thus, one may use a conditional effectiveness of 45-
65 percent for a three-point system, and, maybe, 40-
50 percent for a Volkswagen-like design. 

In order to estimate the activation rate of a 
passive belt, one can look at cars that offer such a 
system, e.g., Volkswagen Rabbit and Chevrolet 
Chevette, which use a similar design, Field data 
show a 75 percent use rate (i.e., 25 percent of the 
drivers disconnect the system) • (This seemingly high 
deactivation rate may be rooted in the ease with 
which the system can be disconnected; it is, in 
fact, as easy to disconnect as to debuckle the stan
dard seat belt,) This activation rate may be a high 
estimate, though, since drivers of these models may 
be more safety conscious than the rest of the popu
lation. This is evident from the high activation 
rate of the same model cars with standard seat 
belts, which is higher than 30 percent, or more than 
three times the national average. Thus, the activa
tion rate in the general population will probably be 
lower than 70 percent. A low bound for the esti
mated activation rate for the entire population may 
be obtained from the ratio 75/30, which depicts the 
activation rate with passive belts and without it 
for the Rabbit and Chevette models. When applied to 
the general population (with its current 10 percent 
activation rate), this bound translates to an acti
vation rate of about 25 percent. This figure is un
doubtedly low, since people may get used to the pas
sive belts as time goes on. A reasonable estimate of 
the activation rate lies probably between the two 
bounds in the range of 45-65 percent. 

As mentioned earlier, the people who actually 
will be using the system and not deactivating it may 
be more safety conscious than the people who pur
posely are deactivating the system. To account for 
this, the above mentioned activation rate of 45-65 
percent may be adjusted to a range of, say, 40-60 
percent. The overall effectiveness may thus be es
timated at approximately 20-40 percent. 

Costs 

When Volkswagen introduced the passive belt as an 
option in 1975, it was priced at $30. Current esti
mates range between $30 and $150, depending on the 
complexity of the system (10). This is in addition 
to the $100 that is the approximate cost of the cur
rently required active belts. A figure of $50 is 
used in this paper as a working hypothesis for the 
incremental cost of the passive belts. 

Air Bags 

Air-bag restraining systems are somewhat more com
plicated than passive belts. They consist of large 
inflatable pillows, usually made of nylon, that in
flate when the car hits a solid object at a speed 
greater than 12 or 15 mph. The driver's air bag is 
stored folded in the steering-wheel hub and the bag 
for the other front-seat passenger or passengers is 
stored in the lower right end of the dashboard. Air
bag deployment is electrically triggered by sensors 
located in the front bumper. 

Immediately on receiving the signal from the 
crash sensor the air bags begin to inflate, typical-
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ly by burning sodium azide, which produces nitrogen 
to fill the bag (!.!). On the order of 40 thou
sandths of a second later, the air bags check for
ward movement by restraining the occupants' heads 
and torsos. As with seat belts, the occupants are 
allowed several inches of forward movement in order 
to moderate their deceleration rates but, with the 
bag system, the forces are distributed over a much 
larger area of the body. Submarining is prevented 
by knee bolsters or by two-part air bags that have 
an additional inflatable chamber that controls for
ward movement of the knees. 

Deflation of the air bags begins almost immedi
ately due to the use of porous bag material or bags 
with holes in them (10). Within 0.5 s or so after 
initial impact, the automobile occupants are seated 
with the deflated air bags lying in their laps. Note 
that air bags are not reusable and must therefore be 
replaced after each collision severe enough to cause 
inflation. The remainder of this section discusses 
the effectiveness, costs, and other factors asso
ciated with the use of air bags. 

Effectiveness 

In a frontal impact, the technical effectiveness of 
air bags should be equal to that of a seat belt and 
may be even slightly better due to broader impact 
distribution with the bag. The bags were found as 
effective as belts in controlled experiments, but 
limited evidence suggests inferior performance in 
actual accidents. As a working hypothesis it is as
sumed that the conditional effectiveness of air bags 
is similar to that of the standard three-point belt, 

Air bags, however, unlike belts, work only in 
frontal impacts. No protection is offered in side 
impacts, rollovers, or other nonfrontal impacts. It 
should be noted that fewer than 57 percent of occu
pant 1nJuries are the result of frontal or near 
frontal (±_45°) impacts (ll). Furthermore, air bags 
would not deploy in low-speed collisions, which 
cause a substantial number of injuries. Thus, it is 
clear that air bags may not provide protection in 
more than half of the injury-producing collisions, 
This problem can be partly remedied with a lap belt, 
and such belts probably would be included with most 
air bags. The lap belt (which should be manually 
activated) would eliminate injuries in most types of 
accidents where air bags do not offer protection. 
Thus, the air bag-lap belt combination may be as 
technically effective as the standard belt, with a 
rating of 45-65 percent. 

Another factor, though, may still detract from 
the air bag technical effectiveness, and this is 
their lack of performance in multiple-impact ac
cidents. Due to the rapid deflation of air bags, 
protection will not be offered during a secondary 
impact. A recent British study (l) noted that a 
third of the occupants in the accidents studied were 
involved in multiple-impact accidents or rollovers. 
In these types of accidents it is important that the 
restraint system operate continuously, The problem 
with the air bag can, again, be partly remedied with 
a lap belt, and fully solved with a standard three
point system that could be supplied in addition to 
the air bag, 

Assuming that such a system would not be supplied 
with air bags (and if it would, its activation rate 
would be negligible), the estimate of the technical 
effectiveness should be lower than the technical ef
fectiveness of the standard seat belt. This paper, 
however, uses a rate of 45-65 percent for this sys
tem. This rate is similar to the technical effec
tiveness of the standard belt and is, thus, a con
servative estimate (from the point of view of this 
paper), 
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The activation rate of an air bag-lap belt system 
is not 100 percent as some proponents of this system 
believe. In the first place, the lap belt requires 
active buckling, and field observations suggest that 
less than 10 percent of the lap belts are used in 
air-bag-equipped cars. There is little reason to 
believe that this figure will grow in the future. 
Furthermore, in light of the high replacement costs 
of air bags ( this point is discussed later in this 
section), it is expected that a large number of them 
will never be replaced once initially used. For this 
reason, the air bag's conditional effectiveness 
would be limited to the first frontal impact (of a 
multiple-impact collision) of the first accident 
that the car would experience. 

In order to compute the activation rate of the 
air-bag system, one should distinguish between those 
accidents where it would inflate (which are less 
than 70 percent of the injury-causing accidents) and 
those where it would not. In the first category of 
accidents, the activation rate measures the fraction 
of the population who will drive with an operative 
system, which may be as high as 90-95 percent (es
pecially if replacing used bags will be covered by 
insurance companies), Because between 15-20 percent 
of these accidents may involve multiple collisions 
and rollovers, where the air bag would not be opera
tional after the fist impact, this rate can be as
swned to be in the range of 80-90 percent. This rate 
can be further reduced to account for the selectiv
ity bias in the replacement of used air bags to a 
range of say, 75-90 percent. For the (injury-caus
ing) accidents where the air bag would not inflate, 
protection is provided by the lap belt that, as men
tioned above, is likely to be activated in no more 
than 10 percent of the cases, 

Thus, for about 70 percent of the accidents the 
conditional effectiveness is 45-65 percent and the 
activation rate is 75-90 percent. For the other 30 
percent of the accidents, the lap belt (with tech
nical effectiveness of 30-40 percent) is the only 
protection and, even so, its activation rate is only 
about 10 percent. One can thus assume a technical 
effectiveness of 35-50 percent and an activation 
rate of 60-75 percent. The resulting effectiveness 
rate is on the order of 20-40 percent. This figure 
is in line with the range of estimates included in 
the 1972 report by the Ad Hoc Committee on the Cumu
lative Regulatory Effects on the Cost of Automotive 
Transportation (RECAT), which stated that pessi
mistic estimates predict air-bag benefits to be 
equal to a 33 percent seat-belt-use rate (10). The 
optimistic estimate included in the same report is 
of effectiveness equal to 80 percent that of a seat 
belt, a figure that seems a little high in light of 
the calculations above. 

Costs 

As with other air-bag-related issues, the issue of 
exactly how expensive air bags would be is open to 
great dispute, with NHTSA, consumer groups, and the 
insurance companies generally claiming relatively 
low costs and the automobile manufacturers predict
ing relatively high costs. Back in 1976, then Sec
retary of Transportation Coleman observed that esti
mated costs of air-bag systems ranged from $70 to 
$520 (13). (Note that these are estimates of the 
incremental cost of an air-bag system over the stan
dard three-point belt.) The optional air-bag system 
being sold by General Motors at that time was a 
loss-leader at $315 (_li). 

Air-bag costs, like everything 
creased with inflation. In 1978, 
the cost of air-bag systems in full 
$200. Ford has recently recomputed 

else, have in
NHTSA estimated 

production to be 
its retail-price 
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estimate for air bags and predicts that air bags 
would cost new car buyers $575 in 1982 for sales of 
787 000 units annually, If most conswners prefer 
passive belts and only 200 000 air-bag-equipp~d-cars 
were sold annually, then the retail price would rise 
to $825 (..!.2_). 

The prices discussed so far are for air bags as 
original equipment. The costs of replacing air bags 
are expected to be considerably more, as is typical 
with the automobile repair business. The insurance 
coverage of some of these costs would, of course, be 
borne by consumers in the form of higher premiums. 

In light of the above figures, it seems conserva
tive to estimate the ( incremental) costs of a car 
air-bag system at $500/car and, taking into account 
the fact that many cars would have to be equipped 
with the systems more than once, the actual life
cycle cost estimate may be twice that amount. For 
analytical purposes, this paper uses a working hy
pothesis of $600/car (borne either directly or in 
part in the form of higher insurance premiums). 

Other Considerations 

Many of the problems of the early air-bag systems 
have been solved. Two issues, however, still cloud 
the expected benefits of this system: their per
formance with respect to out-of-position children 
and the use of sodium azide as a gas generant. 

The first issue is that children seated too far 
forward on the front seat can be subjected to un
necessarily high deceleration rates. This is be
cause a child who is sitting on the front edge of 
the seat (so his or her feet can dangle over the 
edge) is pushed back into the seat (into the correct 
seating position) by the rapidly inflating air bag. 
Such a child has approximately 10 in less in which 
to decelerate. Children who are sitting more out of 
position, such as lying back with their feet up on 
the dashboard, can in some instances actually be 
hurt more by the inflating air bag than by the col
lision itself. Out-of-position adults present less 
of a problem due to their greater weight. 

The problem of using sodium azide is not neces
sarily inherent to air bags, but the technology 
chosen by all American manufacturers is to inflate 
the air bags with nitrogen created during the com
bustion of sodium azide. Unfortunately, sodium 
azide is a class-B poison, a known mutagen, a sus
pected carcinogen, and becomes explosive when it 
contacts various metals. Although most car owners 
would have no contact with sodium azide, the use of 
this substance presents some real hazards to scrap
yard workers. 

The analysis presented later in this paper does 
not account for these issues; it is assumed that 
they will be solved in the future. Of course, the 
resulting air-bag costs may be even higher than 
$600/car. 

Belt-Use Law 

The effectiveness of automobile-occupant restraints 
has been recognized by many countries. Unlike the 
United States, more than 20 of these countries have 
chosen to enact a law that requires automobile 
drivers and passengers to wear their safety belts. 

Most belt laws now in effect require front-seat 
occupants to have their seat belts buckled while 
their cars are in motion. Punishment for non
compliance can range from nothing to $300 or more 
and may also include a jail sentence, although the 
average punishment is a fine of approximately $10 
(1§..), The degree of enforcement also varies widely, 
but in almost all cases no citations are issued un
less the persons involved have already been cited 
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for some other traffic-law infr i ngement (..!!_), 
The remainder of this section discusses the ef

fectiveness, costs, and constitutionality of a belt
use law. 

Effectiveness 

The technical effectiveness of the standard three
point seat belt was discussed earlier, where a range 
of effectiveness of 45-65 percent was suggested as a 
working hypothesis. The activation rate of the seat 
belt under such a law is not easy to estimate due to 
noncompliance problems. Foreign experience in coun
tries where belt use is required by law suggests a 
use rate of 70-80 percent as typical (.!!.,l.Q.l, with 
considerable variation between countries. This num
ber, however, has to be adjusted for selectivity 
bias that, in the case of this alternative, may be 
stronger than in the previous cases. The 20-30 per
cent of drivers who choose to violate the law may be 
significantly more prone to be involved in accidents 
than the average driver (.!]). If the accident 
likelihood of this group is, say, 25 percent higher 
than the population average, then the virtual acti
vation rate is likely to be in the range of 55-70 
percent instead of 70-80 percent. 

Costs 

A compulsory belt-use law would not add to the price 
of a new car but would instead cost state and local 
government additional money for enforcement. In the 
past, DOT estimated that enforcement of such a law 
would cost approximately $5 million annually (..!!_) • 
This figure may now be adjusted to $6 or $7 million 
to account for inflation; thus, a figure of $7 mil
lion is used in this paper. 

Constitutionality 

If belt-use laws were enacted, it seems probable 
that their constitutionality would be tested. Motor
cycle-helmet-use laws have generally been found con
stitutional in the past, and thus it appears likely 
that belt-use laws would be upheld as well. The 
argument that belt wearing is a matter of personal 
safety and therefore not subject to state regula
tions is expected to be used, based on the Ninth and 
Fourteenth Amendments. The argument used by the 
courts in the case of the motorcycle-helmet-use law 
was that this action affects others in numerous as
pects and therefore is subject to state regulation. 

Even with the absence of belt-use laws in this 
country, some courts have held that failure to 
fasten an available seat belt constitutes negligence 
(e.g., Mount v . McClellan, 91 Ill App 2d 914). In 
most cases, neglecting to wear seat belts is not 
considered negligence that contributes to an acci
dent but negligence that contributes to injuries. 

Table 1. Effectiveness of alternative approaches. 

System 

Item Passive Belts• Air Bag.sh Seat Belt Law 

Technical effectiveness(%) 
Midrange 55 42.5 55 
Range 45-65 35-50 45-65 

Activation rate (%) 
Midrange 55 67.5 60 
Range 45-65 60-75 55-70 

No. of lives saved annually 
Midrange 9350 9040 10 395 
Range 6380-13 310 6615-11 810 7800-14 330 

8
Jnc1udes pB.!lslve lap belts. blncludes active lap belts. 
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Consequently, the question of belt use is typically 
only one that governs the extent of compensation for 
injuries and does not block the compensation it
self. In a few cases, the nonuse of belts has not 
been allowed to have an effect on the extent of the 
compensation (e.g., Britton v. Doehring, 286 Ala 
498). If nationwide belt-use laws were to take ef
fect, though, one can expect more rulings of the 
former type, which should increase the use rate. 
This would make it practically impossible to collect 
damages for injuries that a seat belt could have 
prevented, although the nonwearing of a belt would 
probably not be considered er iminally negligent un
less failure to use the belt was felt to be the 
proximate cause of the accident. In many foreign 
countries with compulsory belt wearing, courts have 
issued similar rulings (.!§.), 

It should be noted that although more than 110 
mandatory belt-use bills have been introduced and 
defeated in 32 states between 1972 and 1977, some 
forms of the law currently do exist. The Federal 
Highway Administration, for instance, requires all 
truck drivers engaged in interstate commerce to wear 
belts. Tennessee requires all children under four 
years of age to be properly restrained and Cali
fornia requires belt use in all driver-education 
vehicles. In addition, state employees, officials, 
and policemen must wear safety belts while on duty 
in many states (18). Thus, mandatory seat belt use 
has at least som~important precedents in the United 
States at this time. 

COMPARISON AND ANALYSIS 

This section compares the three alternatives pre
sented in the last section along three dimensions: 
effectiveness, cost-effectiveness, and personal 
freedom. 

Effectiveness 

In order to create a more vivid measure of re
straint-system effectiveness, one can use the ex
pected number of lives saved by each of the alterna
tive systems. As mentioned in the first part of 
this paper, annual fatalities of car occupants 
amount to about 30 000. Before any of the alterna
tive approaches to occupant restraint are evaluated, 
though, it should be recognized that the current ar
rangement, which includes mainly active belts, has 
some positive effectiveness. In fact, it was esti
mated at approximately 5 percent. The number of an
nual fatalities used in comparing the various al
ternatives should thus be adjusted to 31 500. 

Table l presents the conditional effectiveness, 
activation rate, and the expected number of saved 
lives for each system. The table presents both a 
likely (or midrange) estimate for each figure shown 
and the range itself, 

The number of lives saved shown in the table was 
computed as the product of the potential number of 
fatalities (31 500), the activation rate, and the 
technical effectiveness . Note that the ranges of 
estimated number of saved lives shown in Table l 
overlap with each other and, even though the manda
tory belt-use alternative seems to be the best in 
terms of the midrange estimate, it does not dominate 
the other alternatives in absolute terms. 

Note also that the table displays an approximate 
number of lives saved annually with all cars on the 
road equipped with the system. Since either passive 
restraint alternative would be introduced only 
gradually, an immediate compulsory belt-use law 
would mean a large increment of lives saved in the 
early years. If one assumes 10 years as the period 
in which the number of passive restraint-equipped 
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Table 2. Cost-effectiveness of alternative approaches. 

Item 

Incremental cost per new 
car($) 

Incremental total annual 
cost ($000 OOOs) 

Incremental no. of lives 
saved 

Midrange 
Range 

Cost per life saved ($) 
Midrange 
Range 

a1ncludes passive lap belts. 

cars would approach 100 percent and assuming linear 
growth to 100 percent, it can be calculated that the 
belt-use law would save more than 55 000 more lives 
than air bags or passive belts in the first decade. 

Cost-Effectiveness 

Due to the difficulty in quantifying the costs of 
loss of life and limb, one of the most widespread 
techniques of evaluating investment in safety is 
their cost-effectiveness. In other words, safety 
investments are compared with other safety invest
ments in terms of expected number of lives saved per 
dollar invested. Alternatively, one can calculate 
the investment costs per life saved, as is done in 
Table 2. This table assumes annual new car sales of 
10 000 000 and the cost figures presented earlier 
for each alternative approach. The calculations of 
cost per life saved require some explanation. As 
mentioned, the dollar figures attached to passive 
belts and air bags represent the incremental cost of 
these systems over the standard three-point seat 
belt. In order to be consistent, one has to compute 
the incremental number of lives saved by these sys
tems. Since the estimate of the number of lives 
saved annually with the current system is approxi
mately 1500, this figure should be subtracted from 
the estimated number of lives saved shown in Table 
1. (In other words, the calculations are based on 
midrange estimates of 8030 lives saved by passive 
belts, 7540 by air bags, and 8895 by a seat belt 
law.) The cost per life saved shown in Table 2 is 
calculated by dividing the total incremental annual 
costs by the expected incremental number of lives 
saved. The range shown in Table 2 corresponds to 
the range of estimates of number of lives saved an
nually depicted in Table 1. 

The figures that represent the incremental cost 
per added life saved for each of the alternatives in 
Table 2 speak for themselves. There are several 
orders-of-magnitude difference between the compul
sory seat-belt-use alternative and the others. Any 
potential inaccuracies in the assumptions made in 
the course of developing these figures are dwarfed 
in comparison to the magnitude of the difference in 
the cost-effectiveness of the alternatives. The 
compulsory seat-belt-use alternative is almost a 
hundred times more cost effective than passive belts 
and more than a thousand times more effective than 
air bags. (Note that we do not present any incre
mental analysis of the cost-effectiveness between 
the alternatives presented since, if based on the 
midrange figures, it would show a negative benefit 
for any of the passive restraint alternatives over 
the seat-belt-law approach.) 

The only possible drawback of such a law may be 
the implied loss of personal choice involved. This 
point is discussed next. 

System 

Passive Belts• 

50 

500 

8030 
4880-11 810 

62 300 
42 300-102 500 

bJncludes active lap belts. 

Personal Freedom 
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600 

6000 

7540 
5115-10 310 

796 000 
582 000-1 173 000 

Seat Belt Law 

7 

8895 
6300- 12 830 

790 
560-1100 

Any discussion of a mandatory safety-belt-use law 
invariably generates a debate on the question of 
personal freedom or the right to choose whether to 
buckle up or not. In these arguments, the situation 
under a mandatory seat-belt-use law (where a person 
can choose to either buckle up or risk a fine) is 
compared with the current situation (the do-nothing 
alternative) where a driver does not risk a fine for 
not using the seat belt. 

This paper argues, however, for an alternative to 
the status quo, and the law should thus be compared 
with other alternatives such as the passive re
straint option. Under a passive restraint course of 
action similar to the provisions of FMVSS 208, all 
consumers would be required to purchase passive re
straints with their new cars. No alternative will be 
available. 

Under a mandatory seat-belt-use law, consumers 
would be given the choice of whether to buckle up or 
pay the extra money for passive restraint and there
by avoid the bother of buckling up (one can also 
choose to risk a fine and not use any restraint 
system) • (Admittedly, the extra money is a little 
more than if all cars were equipped but, then again, 
no consumer will be forced to buy it.) It is highly 
likely that ~anufacturers would not have to be 
regulated to provide such an option, as under a man
datory seat-belt-use law market forces would en
courage it. With mandatory seat belt use, the 
choice of buying or not buying a passive restraint 
option will be reduced to a cost versus inconven
ience trade-off, similar in principle to the trade
off between manual and automatic transmission, 
manual or remote-control side mirror, and many other 
options. 

In conclusion, it seems that a well-written na
tionwide belt-use law would actually provide more 
personal freedom and choice opportunity than the 
situation that would have arisen under FMVSS 208. 

CONCLUSIONS 

As evident from the analysis presented in this 
paper, mandatin.g the use of seat belts (or any other 
restraint system) should be preferred to requiring 
manufacturers to equip cars with .passive restraints 
as required in FMVSS 208. The Reagan Administration 
has recently dropped the passive restraint require
ments of FMVSS 208 but did not go all the way and 
institute a mandatory belt-use law. 

By its action, the A~ministration missed a unique 
opportunity to implement a belt-use law without a 
lengthy repeal process and furor from consumer 
groups. Instead of abolishing the regulations, the 
Administration should have exempted states that 
passed such laws from the passive restraint provi
sions of FMVSS 208. States then could have chosen 
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between passing a mandatory seat-belt-use law or 
forcing consumers to pay more for their new cars. It 
is reasonable to assume that most states would have 
chosen the former route. 

This course of action should be considered if and 
when the passive restraint requirements are con
sidered again. Without the carrot (or exemptions), 
the federal government does not have an effective 
means to get states to pass and enforce such laws. 
The stick approach of withholding highway funding 
aid was proven ineffective and unpopular in the case 
of the 55-mph speed limit and is not likely to work 
in the case of a mandatory seat-belt-use law. 

Last, two notes are in order. First, the Ad
ministration may trade off an issue that is not 
directly related. Thus, for example, states that 
pass a mandatory seat-belt-use law may be exempted 
from the 55-mph speed limit. This course of action 
may be less elegant than the aforementioned one but 
still possible and very effective. Second, it may 
be interesting to know that, starting in the summer 
of 1982, all drivers in England will have to wear 
seat belts. 
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