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Highway Safety: An Agenda for Action 

HARRY E. STRATE 

Among transportation modes, approaches to safety improvement are signifi­
cantly different because vehicle and facility design and the driver or operator 
control functions are unique to each mode. The highway-automobile mode 
represents the lowest level of operational and design control of any mode, and 
results in lower levels of driver or operator performance. This factor and the 
growing degree of legal liability make an organized systematic approach to 
enhancing highway safety imperative. These dual requirements underline the 
need for an empirically based highway safety program that has the capability 
of gauging system operation through monitoring of actual accident experience 
and analysis of physical evidence. A comprehensive highway transportation 
safety program must achieve maximum use from available funds and respond 
to certain minimum standards of safe design and operation. An effective 
safety-improvement program at the state or metropolitan level involves 
processes of data collection, data analysis, engineering studies, formulation 
of project priorities, implementation, and postimplementation evaluation. 
Street surveillance and control-device management involve organized review, 
monitoring, and follow-up of corrective measures. The emphasis in both pro­
grams is to create (a) a single point of responsibility, (b) a permanent docu­
mented record, and (c) special recognition of conditions of citizen complaints 
or review findings. Each jurisdiction that maintains authority over highway 
operations must take aggressive positive action to coordinate and implement 
safety-improvement programs. Although no program can be implemented 
instantaneously, a definitive agenda must be established that will result in 
establishment of procedures as quickly as possible. 

The comprehensive, systematic solution of safety 
problems is long overdue in each of the nation's 
transportation modes. However, the safety crisis 
must compete with many other national and inter­
national priorities, such as energy and air pollu­
tion. Although transportation safety possesses 
significantly more drama and political volatility 
following a catastrophic accident, persistent pres­
sure on citizens' personal health and pocketbook is 
lacking. In other words, the perception is that 
safety problems go away. This manifestation of the 
problem hampers the ability of federal, state, and 
local governments to mount a continuing offensive 
designed to improve transportation safety. 

SAFETY PERFORMANCE 

Transportation modes show markedly different safety­
performance records. As summarized in Figure 1 
[from Safety in Urban Mass Transportation (1)), 
scheduled air service tends to have the highest 
fatality rate per number of occupants but is placed 
in the top rank when vehicle miles (air miles) are 
considered. Significantly, motorcycle safety is 
second only to general air by these measures of 
safety performance. 

Among transportation modes, safety-improvement 
approaches are significantly different because 
vehicle and facility design and the driver or opera­
tor control functions are unique. The highway-auto­
mobile mode represents the lowest level of opera­
tional and design control of any mode. Three areas 
of wide variability are evident: 

L Vehicle: size, weight, and operating charac­
teristics; 

2. Facility: design and operational standards; and 
3. Driver: training, capability, and temperament. 

In short, the less conformity and uniformity in 
an operating system, the greater the chance for 
operational failure in the form of accidents and 
injuries. This unique characteristic underlines the 
need for an empirically based highway safety program 
that has the capability to gauge system operation 

through monitoring of actual experience and analysis 
of physical evidence. 

DEVELOPMENTS IN HIGHWAY SAFETY 

In the early 1950s, the concept of developing a 
systematic approach to highway safety began to 
appear in technical papers and government regula­
tions. In the late 1960s and early 1970s, the 
comprehensiveness of highway safety was emphasized 
through legislation and research. During the same 
time, the need to organize and systematize a program 
approach was emphasized through the private and 
public sectors. 

Even with this acceptance, the systematic-process 
approach to highway safety has been the most diffi­
cult to implement and lags in many areas. Con­
tributing to this difficulty has been the phenomenon 
of highway safety in its entirety. The emotion and 
volatility connected with motor vehicle accidents 
and fatalities can divert attention from many prag­
matic program concerns. However, a greater problem 
has been the relative scarcity of funds for highway 
safety systems development. The process approach is 
founded on data collection and much study. The 
analysis, development, and implementation related to 
effective action to improve highway safety can be 
costly and labor-intensive. 

Many forces are at work that continually shape 
and direct the form and substance of the highway 
safety program. Two of the most powerful are fed­
eral regulations and legal precedent. The follow­
ing sections explore the comprehensive, systematic 
approach to highway safety as dictated by the new 
Federal Highway Administration (FHWAJ regulation in 
the Federal-Aid Highway Program Manual (2) and 
program direction dictated by court opinion. A 
comprehensive highway safety program in today's 
environment must address both regulations and 
court-based demands. 

Federal Regulations 

The overall program framework is embodied in the 
FHWA Federal-Aid Highway Program Manual <.~.>. The 
processes of safety-improvement planning, implemen­
tation, and evaluation are the basic concepts of the 
directive. The policy statement contained in the 
directive asserts (_£) : 

Each State shall develop and implement, on a 
continuing basis, a highway safety improvement 
program which has the overall objective of reduc­
ing the number .and severity of accidents and 
decreasing the potential for accidents on all 
highways. 

Legal Precedent 

If we place highway safety concerns in the context 
of current legal developments, as summarized by 
David c. Oliver, FHWA legal counsel (}), 

Litigation over highway accidents has become a 
way of life.... It is clear to me that either 
highway officials provide a safe thoroughfare or 
highway construction will come to a halt--bank­
rupt by the increasing awards given to the vic­
tims of a system which is unsafe. 
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Figure 1. Comparative safety 
performance of transit and 
nontranslt modu&, 
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1. Obtain maximum use from available funds and 
2. Respond to certain minimum standards of safe 

design and operation regardless of cost (and perhaps 
funding availability). 

HIGHWAY SAFETY EXPENDITURES 

Safety improvements total more than 20 percent of 
all federal-aid highway construction funds spent 
annually. In fiscal year 1979, there was approxi­
mately $8.5 billion obligated for all federal-aid 
programs administered by FHWA. Of this, rough 
indications are that $2.0 billion, or nearly 24 
percent, was spent for safety improvements. 

In order to relate to these figures, two impor­
tant points must be made. First, total state and 
local expenditures are about four times federal 
expenditures for highways. In other words, an $8.5 
billi9n federal expenditure relates to a $34 billion 
state and local expenditure. The latter figure 
includes maintenance, police, construction, and 
other highway-related activities. The impact of 
this ratio is that nationwide expenditures for 
highway safety are realistically in the $8-billion 
to $9-billion range when all safety expenditures are 
considered. 

The second point is that the actual safety bene­
fits realized from expenditures of these dollars 
vary dramatically. In fact, an imperceptible safety 
improvement is achieved in far too many cases. The 
purpose of an effective process for safety improve­
ment is to elevate the cost-effectiveness of the $8 
billion expended annually through better program and 
project planning, development, and evaluation. 

EVALUATION RESULTS 

The payoff from implementing 
safety-improvement program is 
initiation of effective and 

a comprehensive 
achieved t hrough 

economical highway 
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improvements. More-reliable definition of safety 
problems and more cost-effectiveness analyses during 
formulation of project priorities will lead to 
enhanced overall program performance. 

Program cost-Effectiveness 

Safety programs that stress the need for systematic 
analysis generally reap a higher rate of return than 
those that do not. Table 1 [from Strate <ill summa­
rizes the accident evaluations achieved through 
federally funded safety programs. All programs 
achieved significant reductions. 

Considering overall cost per unit of effect, 
recent evaluation results demonstrate that permanent 
improvements such as elimination of obstacles or 
upgrading of Interstates reduce fatal accidents with 
the most cost-effectiveness. As shown in Figure 2 
[from Strate (2.)], the high-hazard location program 
based on accident-data analysis ranks best for total 
accident reduction. These two results underline the 
need for a two-stage safety approach of cost-effec­
tiveness analysis and minimum design standards. 
Quantifying the dollar benefits of accident reduc­
tions, Table 2 [from Strate (4)] shows the bene­
fit/cost ranking of these programs (benefits are 
calculated by using annual U.S. Department of Trans­
portation societal costs). Although all programs 
were effective, the categorical safety construction 
program made possible by the 1973 Highway Safety 
Act, as amended, resulted in the highest composite 

Table 1. Accident reduction by safety construction programs. 

Reduction by Accident Severity (%) 

Program Fatal htjury PDO' 

Categorical 25 8 11 
Interstate safety 29 7 2 
Other federal-aid 20 12 10 
All federal-aid 26 8 8 

3 PDO =property damage only. 

Total 

10 
4 

11 
8 
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Figure 2. Cost-effectiveness of highway safety programs. 
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Table 2. Benefit/cost ranking of federally funded safety improvements. 

Safety Program or Funding Source Rank B/C3 

Safer-roads demonstration I 4.5 
11.igh·haza.rd loca tio n 2 3.0 
Total c1Hegortcal sefetyb 2.6 
Interstate safety 3 1.9 
Roadside obstacle 4 1.6 
All fcdoro.lly funded 1.6 
Other federal·nid 0 5 0.4 
Rail-highway crossing NS NS 

Note: NS= not statistically significant. 
8Ratio of annual safety benefits to annual construction costs. 
b1nc1udes safer-roads demonstration, high-hazard location, roadside 

obstacle, and rail-highway crossing. 
C[ncludes primary, secondary, urban, etc., federal-aid funds. 

benefit/cost ratio. The low payoff of other fed­
eral-aid improvements is partly explained by the 
failure to follow strict data-analysis require­
ments. The categorical safety programs carry the 
strictest requirements for systematic safety analy­
sis prior to implementation. 

Cost-Effectiveness of Improvements 

Individual safety improvements have demonstrated 
economical effectiveness in solving safety prob­
lems. Table 3 [from Strate (_!) J ranks the improve­
ments by benefit/cost ratios calculated as in Table 
2. The overall effectiveness is only tempered by 
the relatively high cost of some improvements. 
Traffic signs and roadside, minor-structural, and 
sight-distance improvements constitute the calcu­
lated benefit/cost ratio. Careful analysis and 

:m 
OTHER STATE AND ALL 

FEDERAL AID LOCALLY fUNDED IMPROVEMENTS 

formulation of priorities are 
effective, low-cost improvements 
safety need. 

STATE PROGRAM IMPLEMENTATION 

needed to deliver 
to areas of highest 

Since the early 1960s, most states have been striv­
ing to implement a comprehensive safety-improvement 
program. Several have developed remarkable systems 
capable of fulfilling most day-to-day operating 
needs. Progress nationwide has been less than 
desirable, however. 

Deficiencies 

Within the general theme of overall slow progress in 
implementation are five common deficiencies in state 
implementation efforts: 

1. Data-system incompatibility: Data-system 
incompatibility can result from a number of causes. 
Generally, the two most common are failure to de­
velop adequate roadway data files and accident data 
files and failure to effectively interface the two. 

2. Inadequate data analysis: Data analysis is 
often restricted to identification of high-accident 
locations with no consideration of accident poten­
tial. This deficiency limits consideration of a 
full range of investment opportunities. 

3. Failure to prioritize by safety payoff: 
Formulation of project priorities based on antici­
pated safety payoff is necessary to optimize budget 
investments. Relying solely on geographic distribu­
tion and a first-come, 'first-served basis, as is 
often the case, will probably not accomplish the 
best expenditure of scarce funds. 
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Table 3. Ranking of highway safety improvements by benefit/cost ratio. 

Rank Descripliun Code Ratio" 

I Traffic signs 60 930 
2 Other ruaU.sit..le impJuvemt:nls 69 5.92 
3 Minor structural improvements 33 5.71 
4 Intersection sight distance 13 5.33 
5 Other intersection improvements 19 4.38 
6 Road edge guardrail 62 3.80 
7 Pavement grooving 25 3.78 
8 Highway divided-new median 22 3.52 
9 Safety provisions for roadside feature and 90 3.21 

appurtenance 
10 Markings and delineators 64 2.90 
II Pavement widening and shoulder improvement 24 2.33 
12 Intersection channelization 10 2.31 
13 Pavement widening-no lanes added 20 2.28 
14 Signs and guardrail 6C 2.13 
15 Intersection traffic signals II 2.12 

All improvements 1.76 
16 Railroad flashing lights replacing signs 1.74 
17 Median barrier 63 1.72 
18 Intersection channelization and traffic signals 12 1.66 
19 Combination cross-section improvements 29 1.26 
20 Lanes added-no median 21 1.15 
21 Railroad automatic gates replacing signs 55 1.15 
22 Pavement overlay (skid treatment) 26 1.12 
23 Horizontal alignment 40 1.00 
24 Other structural improvements 39 0.79 
25 Replace bridge 31 0.27 
26 Railroad grade separation 51 0.13 
27 Shoulder, breakaway signs, guardrail, marking, 91 0.08 

lighting, and drninage 3tructure 
Incrb 28 New bridge 32 

29 Shoulder widening or improvement 23 Iner 
30 Vertical and horizontal alignment 42 Iner 
31 Pavement widening and overlay 2A Iner 
32 Side slopes, widen bridge, guardrail, misc. 9C Iner 
33 Lighting 65 Iner 
34 Guardrail, drainage structures, misc. 6F Iner 

aRatio of annual safety benefits to annua] construction cost. 
b1ncr = increase in accident costs. 

4. Deficient project evaluations: Once imple­
mented, projects should be evaluated to assure that 
their results match expectations. Project evalua­
tions may be put off or delayed because of competing 
work tasks. A state's failure to pursue evaluation 
programs actively may cause safety programs to 
stagnate. 

5. Exclusion of local highway needs: Local 
highway systems are not generally included in the 
various safety processes. Data collection and 
analysis processes do not address unique local road 
circumstances. Project prioritieR and poRtimplemen­
tation evaluations often do not include local 
safety-improvement projects. Significantly, this 
deficiency not only includes low-volume roads in 
low-density areas but may also include high-volume 
roads in heavily populated areas. 

Tort Liability 

Also since the 1960s, the number of tort claims and 
lawsuits has increased markedly. According to a 
recent report from the American Association of State 
Highway and Transportation Officials (AASHTO), 
claims pending against state governments total more 
than $4 billion for design, maintenance, or opera­
tional flaws. The defense of sovereign immunity is 
now limited to less than one-third of the states. 
Because of the increasing cost of liability in­
surance, states are turning to self-insurance and 
comprehensive programs of risk management to demon­
strate care for and attention to issues of motorist 
safety. 

Management Concerns 

The commitment to formalize and implement a compre-
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hensive safety-program approach carries with it 
certain management concerns: 

1. Who will 
what will be 

assume the 
the roles 

lead responsibility 
and responsibilities 

supporting departments, agencies, and personnel? 

and 
of 

2. Will the program reduce or increase liability? 
3. What assurance is there that the team can 

formulate and implement a cohesive, effective safety 
program? 

4. Will the cost of implementation be in line 
with benefits to be received and will the new system 
be any better than the system currently in use? 

5. How much continuing burden will this approach 
place on operating and overhead costs? 

No glib answers can be offered for these concerns 
because answers will vary by state. Of course, the 
most overriding concern is whether the ability or 
expertise possessed by state or local agency per­
sonnel is sufficient to guide and administer the 
programs to fruition. The presence or absence of 
expertise will affect the capability to implement an 
effective program. Expanding the staff, training, 
or obtaining consultant services are all viable 
options to be considered by the program manager. 

SAFETY-IMPROVEMENT PROCESSES 

Description of Processes 

In order to implement this program approach, process 
concepts must be translated into concrete proce­
dures, accepted engineering techniques, or other 
understandable terms. In all likelihood, questions 
that pertain to several areas will be left to state 
and local agencies: 

1. What should the emphasis be on local road 
systems? 

2. What data elements should be routinely col­
lected and updated? 

3. What analysis techniques give the desired 
results? 

4. What level of personnel and funding should be 
devoted to the program? 

Before these issues can be addressed, the pro­
cesses must be understood, since they address the 
activities of safety-improvement development. 

The highway safety program should be composed of 
two equal parts: (a) safety improvements based on 
accident analysis and (b) street surveillance and 
control-device management. 

The overall safety-improvement process is defined 
as a series of empirically based activities under­
taken to effectively and economically improve the 
safety afforded the traveling public who use the 
nation's highways. These improvements are imple­
mented through activities that systematically iden­
tify and analyze problems, develop alternative 
solutions, apply the solution, and then judge the 
success in solving the problem. The processes that 
make up the highway safety program are data collec­
tion, data analysis, engineering studies, priority 
formulation, implementation, and evaluation. 

Street surveillance and control-device management 
are keyed to making quick remedial treatments for 
unsafe conditions. The routine risk-management 
program is a means to limit liability through con­
duct of routine comprehensive activities such as 
inventorying traffic-control devices and developing 
design reviews. Although most of these activities 
are currently being conducted, they are rarely 
organized or coordinated to gain maximum legal or 
safety benefits. 
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Data Collection 

The data collection process is defined as those 
activities involved with the collection, storage, 
and retrieval of data to be used to support safety­
improvement implementation. Data requirements and 
system organization and operation are determined by 
the analyses, studies, etc. that will be performed 
in subsequent processes. 

Data Elements 

Data to be collected and stored are dictated by 
needs from analysis, engineering studies, priority 
formulation, and evaluation processes. The data 
collection process should not strive to collect all 
data, only those that are routinely or frequently 
used and economically justified. Data elements 
should include the following: 

1. Accident data (by location of occurrence): 
location, time and date, severity, weather and light 
conditions, pavement conditions, intended path and 
type of accident, and types of vehicles involved ; and 

2. Roadway data by location: traffic volumes and 
mix, geometric layout (horizontal, vertical, angle 
of intersection, etc.), functional classification, 
number of lanes and width, pavement type, control 
devices, curb and shoulder type and width, special 
operational practices, railroad grade crossings 
(including description), bridges (including descrip­
tion), land use, and speed limit. 

Because the lists are practically limitless, 
especially regarding roadway data elements, the task 
is to define a set of data that are actually used as 
well as desirable. Starting small, designing an 
expandable system, and establishing procedures for 
collection of additional data probably constitutes 
the most realistic and economical approach. 

Basic Systems 

Three basic systems, shown in Figure 3 [from Strate 
(§)], constitute the core of the data collection 
process--the location reference system, the accident 
data system, and the roadway data system. These 
systems may be organized within an overall statewide 
traffic records system and coordinated with driver 
or vehicle records systems, but the key relationship 
for highway-improvement purposes is among the three 
systems . 

The location reference system is necessary to 
report and record traffic accidents, to collect 
highway and traffic data, and to interface the two 
records. Although locations are needed on state and 
local highways alike, the types of referencing 
systems and their accuracy can vary dramatically 
without adverse impact on overall system operations. 

The accident data system extends from the report­
ing of accidents through the storage and retrieval 
of data. Key considerations in the accident report­
ing and recording system are state and local agency 
participation in the statewide system, use of a 
uniform accident report form, checks for report and 
coding accuracy, and processing, storing, and re­
trieval of information and reports. 

The roadway data system involves collection and 
storage of highway and traffic data through inven­
tories, photologging, traffic counting, maintenance 
reports, sufficiency ratings, etc. Considerations 
in storing and retrieving the data may include 
method and location of storage and filing, interface 
with other systems, and accessibility and avail­
ability to users. 
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Data Analysis 

The data analysis process involves the examination 
of collected data to identify highway locations, 
features, or practices that have the highest acci­
dent potential. The analysis is performed to dis­
cover problems susceptible to treatment and correc­
tion by safety improvements. 

Analysis Techniques 

Data available through the data systems as well as 
other inputs shown in Figure 4 [from Strate <&ll are 
used in the data analysis. Any of the analyses 
shown in the process, individually or in combina­
tion, could be acceptable for any given highway 
segment. Considerations in selecting the analysis 
techn ique would include traffic volumes, expected 
accident experience, and availability of funds for 
implementation of improvements. Additional consid­
erations in implementing the process include the 
following: 

1 . Timing, form, and reliability of data or 
comparisons routinely supplied to the analysis staff; 

2. Timing, quality, and expected use of routine 
analysis made by staff; 

3. Quantity, type, and turnaround time afforded 
special requests: and 

4. Number and expertise of the analysis staff. 

Nonaccident Indicators 

Of special significance are attempts 
indicators of accident potential other 

to develop 
than acci-

Figure 3. Systems that are core of data collection process. 

INPUTS 

• Aoclderlls 
• Streels and Highways 
• Traffic 

CONSTRAINTS 

• Personnel 
• Fiscal 
• Jurisdictional 

PROCESS 

1 Localkln Reference System 
2. Accident Data System 
3 Roadway Data System 

DATA 
FILES 

Figure 4. Data analysis process. 

INPUTS 

• Accident Experience and 
E11:posure 

• Hazards ldenlilied Through 
Research. Adjoining Slates, 
etc 
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Effectiveness 
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• Statt Availability and 
Capabi~ty 

• Routine Analysis Demands 
• Sophistication of Dala 

Systems 

PROCESS 

1, Localion Analysis 
• Number and/or Route 
• Quality Cotllrol 

2 Correlation ot Accidenls and 
Geomelrics, Features, and 
Operalions 

3 Special Analysis 
• WeVDry 
• Types 
• Night/Day 

DATA 
FILES 

OUTPUTS 

Accident 
Elcperienoe and 
Exposure 

OUTPUTS 

Deline Hazards 
• Locations 
• Features/Elements 
• Operational Practices 
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dents. The hope is to identify and correct hazards 
before pain, suffering, and economic loss are in­
flicted through accident experience. Some tamiliar 
techniques, such as skid testing and hazard indices, 
and some developing techniques, such as conflicts 
analysis and erratic maneuvers, are most reliably 
and economically applied during the engineering 
study phases. At present, the most accurate non­
accident hazard indicators are correlation of geo­
metrics and accidents, consideration of locations 
that have similar characteristics, and some types of 
sufficiency ratings. 

Outputs 

Three general types of listings or outputs could be 
expected from the process, as shown in Figure 4. 
These may be organized by road system, responsible 
agency, or some other classification to facilitate 
study of the most serious problems first. Process 
outputs include the following hazards: 

1. Locations expressed in terms of intersections, 
spots, or segmentsi 

2. Roadway features, design elements, or roadside 
hardwarei and 

3. Traffic operational practices that include 
traffic control through construction zones, revers­
ible lanes, contraflow lanes, diagonal parking, eto. 

Eng i neering Studies 

The engineering study process develops safety im­
provements to solve the problems identified during 
the data analysis process. This is accomplished 
through additional detailed data analysis, · supple-

Figure 5. Engineering study process. 

INPUTS 

Define Hazards 
• Localions 
• FP.~l11ms/Flemenls 
• Operational Practices 

Past Satety Improvement 
Effectiveness 

CONSTRAINTS 

• Available Staff 
• lack ol Expertise 
• Sophislicalion ol 

Colleclion/Analysis Systems 

PROCESS 

Special Analysis/ Additional 
Data/Field VisilS/Traffic 
Studies/Etc. 
• Localion (Spot or 

lnlerseclion) 
• Extended Segments/Groups 

of Locations 
• Operational Practices 

DATA 
FILES 

Figure 6. Types of engineering studies. 

HAZARDS ON 
SEGMENTS 
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Engineering Sludy Report 
1 Hazards Quanlilied 
2 Proposed lmprovemenl 
3 Casi Estimate 
4 Benefit Estimate 
5. Evaluation Plan 
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mentary studies, and on-site visits. 
Until this point, the purpose of the safety 

process has been to learn more about what is taking 
place within the transportation system. The engi­
neering study process in Figure 5 [from Strate (§.l l 
begins the activities necessary to alter current 
highway performance through safety-improvement 
actions. Based on the hazards identified, this 
process strives to prescribe what action or actions 
can effectively remedy the problems. 

Highway Improvements 

Engineering studies are intended to develop three 
distinctly different types of highway improvements, 
as shown in Figure 6 [from Strate (§.l l. The three 
outputs of the analysis function and measures of 
past improvement effectiveness are the bases for 
those studies. The first type, hazardous locations, 
is the basis for improving roadway safety at singu­
lar locations (spots or intersections). For each 
location, accident data reports, current traffic 
data, and highway data are necessary. The accident 
and roadway environment data systems should be 
designed to provide this information. An engineer­
ing study to develop alternative corrective measures 
is performed that involves field visits and special 
analysis. The study results in quantification of 
t.he hazarn or hazards, recommended improvements;, 
costs for improvements, measures of potential bene­
fits, and a plan for evaluation after improvement 
implementation. 

The second type, hazardous roadway features, 
design elements, etc., is the basis for improving 
systemwide roadway safety. The thrust is to address 
accident potential more squarely by looking at a 
number of locations or extended highway segments. 
Design reviews and performance reviews must be keyed 
to the on-going analysis of design and roadway 
hazards. For each potential hazard, accident data 
and reports, traffic data, and necessary highway 
data are obtained from the accident and roadway data 
systems. In some cases, · special inventories may be 
necessary to further quantify problem areas. 

The third type, hazardous traffic operational 
practices, is similar in intent to the study types 
just discussed. The purpose is to tie operational 
reviews to accident data functions, especially in 
the case of unique, experimental, or complex traffic 
operation practices. This engineering study will 
strive to correlate accidents and operational prac­
tices and to seek locations that have similar acci­
dent-causing characteristics. Data requirements and 
study outputs are similar to those identified above. 

For the second and third types, two points are 
important. First, studies and reviews may be per­
formed by jurisdiction, state highway district, 
geographic area, or major route. Second, these 
improvements may be warranted by some overall acci­
dent experience, by hazard identification, or by 
being the type of improvement that lends itself to 
systemwide project implementation. 

Study Techniques 

The performance of engineering studies may involve a 
number of study techniques and methods. Techniques 
that can be used during this part of the process 
include the following: collision/condition dia­
grams, sufficiency ratings, operational reviews, 
conflicts analysis, erratic maneuvers, lane-replace­
ment studies, speed studies, turning movements, skid 
testing, and hazard indicators. 

Project Priority Fot111ulation 

Formulation of priori ties is achieved through sys-
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tematic comparison 
ments. Constraints 
sonnel require that 
best contribute to 

of alternative safety improve­
of funding and available per­

improvements be implemented that 
the accomplishment of overall 

program objectives. 
Projects are scheduled for implementation based 

on results of the engineering studies. Priority 
safety improvements are identified and then matched 
against other highway needs through a statewide 
programming of projects. The formulation of priori­
ties and development of implementation schedules 
shown in Figure 7 [from Strate (~)] must consider a 
wide range of technical and management factors. 

The overall objectives of the safety program 
require consideration of the magnitude of the safety 
problem and potential improvement effectiveness. 
The five considerations are shown in Figure 5. 
Although relationships of costs and benefits are 
important, relationships affect improvements. These 
are shown under Constraints in Figure 5 and tend to 
restrict the outputs of the process. 

Collected data and engineering studies are used 
to develop aids to decision making. Economic anal­
yses offer the most assistance in establishing 
improvement priorities. Some of these include 
benefit/cost ratio, incremental benefit/cost ratio, 
rate of return, cost-effectiveness, net benefit, and 
dynamic and integer programming. 

Implementation 

The implementation process is defined 
activities that lead directly to removal, 

as those 
installa-

tion, and construction of approved improvements. 
The process that leads to implementation of 

improvements may be the most complex in many ways. 
In addition, the many technical details, contracting 
procedures, and administrative regulations can be 
rigorous and time-consuming. Based on an approved 
program and schedule of projects, the activities 
involved in implementation of safety improvements 
are shown in Figure B [from Strate (~)]. 

Less complex and costly projects can often be 
implemented with less-sophisticated designs or by 
in-house personnel at a savings over contract ef­
forts. Further, some improvements fall under the 
auspices of maintenance and operations personnel. 
Time and overhead can be saved by a careful manage­
ment study of the implementation process. 

Evaluation 

The evaluation process involves the examination of 
past improvement and program decisions, the judgment 
of the degree of success in accomplishing objec-

Figure 7. Improvement priorities. 

INPUTS PROCESS 

• Engineering Sludy Reports 
1. Hazards Quanlilied 
2- Proposed Improvement 
3. C.Ost Estimate 
4, Benefit Estimate 
5~ Evalualion Plan 

• Pasl Projecl/Program 
Ertectiveness 

• Future Program Direction 
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tives, and the recommendation of methods or informa­
tion to improve the quality of future decisions. 
The results of the first five processes are evalu­
ated in order to implement an adaptable and con­
tinually improving state safety program. 

Evaluation Types 

The parameters that define safety evaluations are 
shown in Figure 9 [from Strate (~)]. Evaluations 
may be classified as three types--effectiveness, 
economic, and administrative. Effectiveness (or 
impact) evaluation measures the achievement of 
ultimate objectives such as the reduction in the 
rate of accident occurrence. Economic evaluations 
generally quantify effectiveness in terms of dollar 
expenditure to achieve given results. Administra­
tive evaluations measure the attainment of inter­
mediate or management objectives such as unit cost, 
timeliness, staff productivity, etc. 

Methodologies 

In addition to types of evaluation, evaluation 
criteria may be categorized as one of three method­
ologies--scientific, clinical, or personal. A large 
degree of statistical reliability and data collec­
tion and analysis are sought in the scientific 
approach. Personal evaluations are subjective and 
rely on the past experience of the evaluator for the 
evaluation criteria. A broad middle ground exists 
in which scientific and personal evaluations inter-

Figure 8. Implementation-related activities. 
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Figure 9. Types of highway safety evaluation. 
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mingle to produce many degrees of precision; this 
type is referred to as clinical. 

Evaluations may be mauti ur lildnY Lyptii; of pai;t 
decisions. Individual improvements may be evalu­
ated, as may entire funding programs. The operation 
of the data collection system and the methodology 
used to formulate priorities can each be evaluated 
as to the degree of accomplishment of defined objec­
tives. 

These three factors interrelate to affect the 
cost, complexity, and staff requirements to perform 
t he e valuations. Broad-based scientific e valuations 
of program effectiveness would be costly, whereas 
personnel judgments of an office's operational 
efficiency would not. To be worthwhile , an evalua­
tion process must be keyed to the entire safety 
program and the need for information by the decision 
maker. 

Figure 10 [from Strate (§)] summarizes the pro­
cess inputs, outputs, and constraints. Because 
safety evaluations are performed after the fact, 
they are often viewed as optional activities that 
have low funding and staffing priority. However, 
evaluations provide valuable input into upgrading 
the quality and quantity of information concerning 
the performance of the highway system and the effec­
tiveness of the safety-improvement program. 

STREET SIJRVF.TT.f.ANCE AND CONTROL-DEVICE MANAGEMENT 

As contrasted with accident data collection and 
analysis, activities connected with street sur­
veillance and control device management take ad­
vantage of visual, routine inspection of the road 
and street system. Although some coordination might 
be achieved with the process for safety improvement, 
the emphasis is to be placed on firsthand knowledge 
and management of actual physical and operational 
conditions. These activities are composed of three 
distinct subactivities: street surveillance, con­
trol-device management, and corrective measures. 

Street Surveillance 

Street surveillance takes advantage of organized 
(e.g., design reviews) and voluntary (e.g., citizen 
complaints) activities to create a permanent record 
of physical developments. The following street- sur ­
veillance activities are annual: drive or walk 
inspection, photographic record, photographic up­
date, skid testing, and design and operations re­
views. The following are routine: employee moni­
toring (including traffic-control devices), citizen 
complaints (including those about traffic-control 
devices), commission meetings, maintenance records, 
and hot spots. 

Figure 10. Evaluation summary. 
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For each of the activities given above, these 
factors should be considered, especially in response 
to tort-liability iooues1 

1. Creation of a permanent documented record of 
all surveillance activities, including time and 
date, names and positions of those participating, 
location and scope of activity, description and 
purpose of activity, findings and recommendations, 
and follow-up activities; 

2. Creation of a single point of responsibility 
of each surveillance function; and 

3. Special attention to conditions of citizen 
complaints. 

Co ntrol - Device Mana g e ment 

Control-device management strives to organize and 
monitor the performance of replacement signs, pave­
ment markings, delineators, and signals. These 
activities go beyond simple reference to the FHWA 
Manual on Uniform Traffic Control Devices and in­
volve specific activities for materials and inven­
tory control. The growing sophistication in tech­
niques and materials requires a special emphasis in 
recording and maintaining accurate records. The 
following control-device-management activities are 
performed annually: traffic-control-device inventory 
and inventory update: the followinq are routine: 
enforcement of standards; inspection of construc­
tion, maintenance, and utility zones (including 
during the night, in wet weather, and under other 
adverse conditions); and hot spots. 

Of spec ial impor t ance is the review of the per ­
formance of signs, signals, etc. under adverse 
conditions. Although special design and operations 
review is an important tool, all agency employees 
should receive instructions in monitoring and re­
porting defective devices. 

Corrective Measures 

Remedial activities in the form of maintenance, 
replacement, or improvement are an essential comple­
ment to surveillance and management activities. The 
following corrective measures are annual: sign 
replacement, minor road repairs (e.g., potholes), 
pavement overlays, and safety improvements. Routine 
corrective measures, which are essential, include 
the following: maintenance of signs and markings, 
minor road repairs, improvement of sight distance 
(impaired by trees, brush, etc.), and hot spots. 

As in the first two groups of activities, mainte­
nance of a permanent record to document type and 
time of remedial treatment is essential. The system 
should be designed to report back to the originator 
of the report or complaint as a positive aid to 
follow-up. 

SUMMARY AND CONCLUSIONS 

The need for an organized process approach to high­
way safety has grown in acceptance. As stated in 
the u. S. Department of Transportation's Evaluation 
of the Highway Safety Program (ll : 

Over the past two decades much has been learned 
about the effectiveness of safety planning and 
evaluation techniques... [and) the need for 
comprehensive, "do everything" action has given 
way to a widespread adoption of an organized 
system to define, implement, and evaluate cost­
effective improvements. 

Yet care must be take n not to carry this direction 
to its illogical extreme either by requiring cost-
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effectiveness analysis for all maintenance-type 
improvements or by foolishly reducing expenditures 
or operational standards to create a false economy 
of current savings. 

Federal regulations and case laws hav e been 
developed based on reviews, facts, and court cases 
that have evolved over the last four years. The 
comprehensive approach made up of the processes 
included in the planning, implementation, and evalu­
ation functions can lead to implementation of the 
most effective and economical highway safety im­
provements. At the same time, surveillance and 
control-device management will assure that a high 
daily level of safety is afforded the traveling 
public. 

Based on recent regulatory and legal develop­
ments, the course of action is clear. Each state 
and affected municipality must establish an agenda 
to accomplish organization of a comprehensive, 
systematic approach to highway transportation safety 
improvement. Although safety problems may appear to 
go away, they are in fact lingering transportation 
system weaknesses that appear at times of catas­
trophic accidents. To oversee implementation, each 
state and metropolitan area should develop a single 
point of responsibility and, with authority to 
require adherence to standards, insist on implemen­
tation of safety actions. 
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Interstate Safety Improvement Program 

J.G. PIGMAN, K.R. AGENT, AND C.V. ZEGEER 

The purpose of this paper is to prepare prioritized rankings of recom· 
mended improvements that could be implemented for the Interstate Safety 
Improvement Program in Kentucky. Considerable detail is presented that 
documents analysis procedures used to determine sites, sections, and ele­
ments of the roadway in need of improvement. The average number of 
accidents per interchange, bridge, 1.6-km (1.0-mile) section, and 0.4B-km 
(0.3-mile) spot was summarized for large urban, medium urban, and rural 
sections of the Interstate system. At specified levels of statistical signifi· 
cance, critical numbers of accidents and critical accident rates were cal· 
culated to assist in identifying high-accident locations. A limited field 
inventory of the Interstate system was conducted, and the results are in· 
corporated into the program. Dynamic programming was used to develop 
prioritized rankings for safety improvements that totaled approximately 
$27 500 000. A user's guide for preparation of a safety improvement 
program was developed. 

To prov ide the highest degree of safety on the In­
terstate system, there is a need to continually up­
grade and make improvements. The program described 
here is intended to identify specific locations, 
elements, or sections of highways that are hazardous 
or potentially hazardous and to implement correction 
of the identified hazards. Accident analyses are 
the basis for recommending improvements. Interstate 
funds are not available for safety improvements un­
less they are justified and selected under the pro­
visions of the Federal Highway Administration (FHWA) 
Federal-Aid Program Manual (l). 

A previous report dealt with development of pro­
cedures for preparation of an Interstate Safety Im­
provement Program (£). The purpose of this report 
is to prepare prioritized rankings of recommended 
improvements that could be implemented as part of 
the Interstate Safety Improvement Program in Ken­
tucky. 

PROCEDURE 

Accide nt Analyses 

All police-reported accidents in Kentucky are coded 
and placed in a computer accident file. An exten­
sive amount of data is coded for each accident. 
However, for the analysis necessary in this study, 
copies of the accident reports were necessary. To 
obtain these, a manual search of all police-reported 
accidents in 1976 was conducted. 

From the reports, each accident was classified 
into one of three broad categories: (a) inter­
change-related, (b) bridge-related, or (c) related 
to other highway sections. Each accident was as­
signed a code based on an analysis of the accident 
description. The accident types for the three broad 
categories are given in Table 1. These data, along 
with information to identify the location of the ac­
cident, were punched on computer cards. The Inter­
state system was divided into three groups based on 
population of the general area. 

Lists of high-accident interchanges, bridges, and 
other highway sections were obtained. A list of the 
location of interchanges and bridges was obtained. 
Accidents classified as either bridge-related or 
interchange-related were assigned to a specific 
bridge or interchange. By using this procedure, the 
number of accidents that occurred on each inter­
change and bridge was obtained. The number of acci­
dents could then be compared with a critical number 
of accidents. The critical number of an inter­
change, bridge, or specific length of road was cal­
culated by using the following equation (l) : 
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Ne= Na+ KVNa + 0.5 

where 

Ne critical number of accidents, 
Na • average number of accidents, and 

(1) 
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K = constant related to level of 
significance selected (for P 
1.645; for P = 0.995 1 K • 2.576). 

statistical 
0.95, K = 

The average number of accidents per interchange, 
bridge, 1. 6-km (1. 0-mile) section, and 0. 48-km (0. 3-

Table 1. Types of accidents on interchanges, bridges, and other highway sections. 

First Event All Events 

Type of Accident No . of Accidents Percent of Total No. of Accidents Percent of Total Severity Index 

Interchange 

Entrance Ramp 
Rear-end acddent on ramp 194 16.9 199 15.l 1.53 
Angle accident between ramp vehicle and 92 8.0 95 7.2 1.73 

main-line vehicle 
Ramp vehicle hit fixed object 34 3.0 41 3.1 3.57 
Accident at intersection with cross street 35 3.1 36 2.7 1.00 
Rear-end accident on main line at ramp 24 2.1 26 2.0 2.30 
Sideswipe accident on ramp 26 2.3 26 2.0 1.00 
Other accident related to entrance ramp 22 1.9 23 1.7 2.84 
Sideswipe accident between main-line 14 1.2 14 1.1 1.85 

vehicles 
Extreme weather conditions (dense fog, 8 0.7 13 1.0 1.42 

driving rain, ice or snow) 
Vehicle overturned 3 0.3 12 0.9 2.67 
Drastic human error (driver fell asleep) 2 0.2 7 0.5 1.00 
Rnn off rond (j 0.5 7 0.5 2.30 
Trailer problem 3 0.3 6 0.4 2.25 
Main-line vehicle hit fixed object near ramp 4 0.3 6 0.4 2.25 
Vehicle malfunction 4 0.3 5 0.4 7.38 
Hit median near ramp I 0.1 2 0 .1 1.00 
Animal-related accident 0 0.0 0 0 .0 0 
Construction-related accident _3 __Q,1 __ 6 ___Q,i I.DO 

Subtotal 475 41.5 524 39.5 

Exit Ramp 
Rear-end accident on ramp 275 24.0 283 21.5 1.25 
Accident at intersection with cross street 77 6.7 81 6.1 1.19 
Rear-end accident before ramp 66 5.8 67 5.1 1.04 
Vehicle hit fixed object not in gore 38 3.3 58 4.4 3.45 
Vehicle hit fixed object in gore 38 3.3 55 4.2 2.78 
Extreme weather conditions (dense fog, 30 2.6 47 3.6 2.69 

driving rain, ice or snow) 
Other accident related to exit ramp 39 3.4 46 3.5 2.02 
Sideswipe accident on ramp 45 3.3 45 3.4 I.DO 
Drastic human error (driver fell asleep) 8 0.7 18 1.4 4.86 
Vehicle overturned 3 0.3 17 1.3 4.67 
Ran off road 11 1.0 17 1.3 3.72 
Sideswipe due to vehicle turning onto 15 1.3 15 I.I 1.18 

ramp from wrong lane 
Vehicle malfunction 7 0.6 10 0.8 4.67 
Crash-cushion accident 8 0.7 10 0.8 2.57 
Construction-related accident I 0.1 9 0.7 I.DO 
Vehicle hit median near ramp 3 0.3 6 0.4 I.DO 
Sideswipe due to lane drop 3 0.3 4 0.3 I.OD 
Trailer problem 3 0.3 3 0.2 2.25 
Animal-related accident _o ___QJ! __ o ___QJ! 0 

Subtotal ..£.Q 58.0 ..ill. ~ 
Total 1145 100.0 1315 100.0 

Bridge 

Accident on bridge after skid on icy 113 27.6 125 22.0 2.79 
or wet deck 

Hit bridge rail 35 8.5 86 15.1 2.89 
Rear-end accident on bridge 75 18.3 78 13.7 2.03 
Hit another car on bridge (dry conditions) 53 12.9 61 10.7 1.72 
Construction accident 50 12.2 50 8.8 1.78 
Hit bridge abutment 18 4.4 37 6.5 3.16 
Hit bridge curb 7 1.7 28 4.9 3.25 
Hit guardrail just past bridge 7 1.7 21 3 .7 4.38 
Vehicle overturned I 0.2 15 2.6 0 
Drastic human error JO 2.4 14 2.5 2 .25 
Hit approach guardrail 9 2.2 12 2.1 3.40 
Vehicle malfunction 8 1.9 II 1.9 3.79 
Hit overpass bridge pier on left side of road 6 1.5 9 1.6 3.67 
Other bridge-related accident 7 1.7 8 I .4 2.57 
Hit overpass bridge pier on right side of road 5 1.2 6 I.I 4.90 
Trailer or wide-load problem 3 0.7 4 0.7 4 .67 
Ran off road 2 0.5 3 0 .5 I.DO 
Animal-related accident _ I _JU __ I _Qd 0 

Total 410 100.0 569 100,0 
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Table 1. Continued. 

First Event All Events 

Type of Accident No. of Accidents Percent of Total No. of Accidents Percent of Total Severity Index 

Other Highway Sections 

Rear-end accident in traffic lane 1544 35.1 
Sideswipe accident due to lane change 783 17.8 
Hit fixed object on right side of road 285 6.5 
Extreme weather conditions (heavy fog , 390 8.9 
driving rain, ice or snow) 

Other noninterchange accident or not 326 7.4 
stated 

Vehicle overturned 26 0.6 
Vehicle malfunction 198 4.5 
Drastic human error 178 4.0 
Hit fixed object on left side of road 73 1.7 
Trailer problem or wide load 125 2.8 
Ran off road 71 1.6 
Hit median barrier 60 1.4 
Rear-end accident on shoulder 50 I.I 
Construction-area accident 46 1.0 
Head-on collision 32 0.7 
Forced off road 46 1.0 
Animal-related accident 46 1.0 
Accident at rest area 36 0.8 
Accident at entrance or exit ramp to 21 0.5 
rest area 

Median cut (angle or other accident due 21 0.5 
to U-turn) 

Sideswipe or rear-end accident due to 17 0.4 
car pulling from shoulder 

Median cut (rear-end due to U-turn) 11 0.2 
Weigh-station accident 4 0.1 
Wrong-way vehicle (other than collision) _ 5 _Q,l 

Total 4394 100.0 

mile) spot was calculated for the large urban, me­
dium urban, and rural sections of Interstate roads 
as well as for the entire Interstate system. By us­
ing certain levels of statistical significance, 
critical numbers of accidents were calculated. 
Also , by using volume data, average and critical ac­
cident rates were calculated. For bridges, the 
length of bridge along with the volume provided ve­
hicle kilometers. The vehicle kilometers traveled 
on a particular section of road were calculated di­
rectly from the volume and section length. For in­
terchanges, the total interchange volume was esti­
mated by using the volume and the number of ramps. 
Interchange volume counts were used to obtain the 
percentage of the total interchange volume that oc­
curred on the ramp. Volume counts were available 
only for a few interchanges, and other volumes had 
to be estimated. The critical rate for highway sec­
tions is given by the following equation (,!) : 

Ac = Aa + KVAa/m + l/(2m) 

where 

Ac = critical 
million 
miles)], 

accident 
vehicle-km 

rate [accidents 
(1.0 million 

(2) 

per 1. 6 
vehicle 

Aa average accident rate (accidents per 1.6 
million vehicle-km) , and 

m annual million vehicle kilometers. 

For spots and interchanges, t he total annual volume 
was used rather than the number of vehicle k ilo­
meters. Thus, the values of Ac and Aa were ex­
pressed in terms of accidents per million vehicles. 

Dividing the calculated accident rate for a par­
ticular interchange, bridge, or roadway section by 
the critical accident rate for the location results 
in a critical rate factor. A critical rate factor 
above 1.0 means that the location has a critically 

1715 29.6 1.82 
877 15 .1 1.33 
644 I I.I 2.80 
505 8.7 1.90 

389 6.7 1.78 

226 3.9 4.04 
216 3.7 2.43 
215 3.7 3.04 
167 2.9 2.61 
157 2.7 1.92 
146 2.5 3.71 
121 2.1 2.00 
72 1.2 1 3.52 
63 I.I 1.00 
53 0.9 4.53 
52 0.9 1.80 
47 0.8 1.12 
37 0.6 1.00 
22 0.4 2.36 

21 0.4 3.58 

17 0.3 3.94 

12 0.2 2.50 
4 0.1 2.25 

-12 _Q]_ 2.50 

5797 100.0 

high accident rate. A computer listing by critical 
rate factor (in descending order) was then obtained 
for each category. These lists served as one of the 
p r imary means of sel~cting high-accident locations. 

Summaries were also made of the number of occur­
rence s of each accident t ype. The se lists gave gen­
eral information relating to the types of accidents 
that occurred most frequently. The severity of each 
t ype of accident was also calculated by using a se­
verity index. 

As previously stated, a large amount of data is 
routinely coded for each police-reported accident. 
To obtain summaries of this information, a series of 
computer programs was written . 

Another procedure was u s ed to determine locations 
that had a critical number of a particular type of 
accident. The average number of accidents per kilo­
meter of a specific type was calculated for each of 
the three Interstate categories. By using the for­
mula given for determin i ng the critical number of 
accidents, the critical number of accidents per kil­
ome ter was calculated. Some of the specific types 
investigated included injury and fatal accidents, 
accidents that occurred during darkness, accidents 
that involved a guardrail, and accidents that in­
volved a rock cut or earth embankment. 

A special investigation of fatal accidents that 
occurred on the Interstate system was performed. 
Copies of the accident reports of all accidents that 
involved a fatality were obtained for a four-year 
period (1974-1977). Information from these reports 
was coded and summarized. Each accident was placed 
into one of several accident-description catego­
ries. Sections of Interstate on which several fatal 
accidents had occurred were summarized. Also, loca­
tions at which several accidents of a specific type 
had occurred were summarized. 

Some other types of accident summaries were pre­
pared. A comparison of accident data on bridges 
with and without full-width shoulders was made. A 
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comparison of accident rates on bridges that had 
various sufficiency (adequacy) ratings was per­
formed. Als;o, interchan<Jes were aiviaea into !lev­
eral types, and accident rates were calculated for 
each type. 

Field Inventory 

It was necessary to travel the entire Interstate 
system [approximately 1046 km (650 miles)] for the 
purpose of visually inspecting the high-accident lo­
cations and conducting an inventory of selected 
items. The accident analysis yielded lists of high­
accident bridges, interchanges, sections, and 0.48-
km spots. The accident reports for these high­
accident locations were studied, and visual 
inspections were also conducted. These were done 
along with a field inventory. The analysis of spe­
cific accident types indicated that certain roadway 
features should be upgraded. For example, the pres­
ent standard for guardrail ends is the breakaway­
cable terminal. However, only a few sections of In­
terstate have this type of terminal. Most sections 
have buried guardrail ends, and a few blunt ends 
still exist. It was necessary to conduct an inven­
tory of the number of each type of guardrail end to 
estimate the costs of updating all guardrail ends to 
current standards. 

The general roadway features included in the 
field inventory are as follows: type of guardrail 
end, bridge pier protection, bridge shoulder width, 
bridge safety features, curb on bridge, protection 
of gap between bridges, signs, lightpoles, gore-area 
features, rock cuts, and crossovers. The number of 
buried, breakaway, and blunt guardrail ends was de­
termined for guardrail used to protect or divert ve­
hicles from fills, bridge piers, bridge rails, and 
gaps between bridges. The type of safety device 
used to divert vehicles from median bridge piers was 
also noted: guardrail, earth mound, crash cushion, 
etc. For bridges, the shoulder width, the existence 
of a curb, the type of protectio.n at the median gap, 
and the safety features were inventoried. The 
safety features consisted of the bridge-rail and 
guardrail transition and end treatment. Safety 
features had previously been rated as good or poor 
and these ratings were checked. Rigid signs and 
lightpoles were counted. All gore areas were clas­
sified as clear, or the features in the gore were 
noted. The features included an exit sign (if not 
breakaway), lightpole, guardrail, or combination of 
several features. The lengths of all rock cuts 
closer than 9.1 m (30 ft) to the pavement were tabu­
lated. The rock cuts were divided into those that 
occurred on curves or those on tangents. Median 
crossovers were also counted. Crossovers were di­
vided into those that were designed and those that 
had been created by frequent use. All the features 
inventoried, with the exception of bridges, were 
summarized by kilometer and milepost. 

Determination of Benefits and Costs 

To obtain a priority ranking of the recommended 
safety improvements, benefits and costs had to be 
assigned. The annual benefits were calculated based 
on the number of fatal, injury, and property-damage­
only accidents that would be affected by the im­
provement and the estimated percentage of reduction 
in each of these types of accidents. Monetary bene­
fits from the reduction in accidents were based on 
National Safety Council costs (5). The percentage 
of reductions used was based o; previous research 
findings for the types of improvements considered as 
well as subjective opinions based on results of past 
safety improvement programs. The costs used were 
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the installation or construction costs of the im­
provement plus the annual maintenance cost. The im­
prov .. m .. nl.. co .. 1.. wot., L>"'"'"'d on pasl.. unit-price bids; for 
the type of improvement, other research reports, and 
information from manufacturers of various safety de­
vices. 

The present worth of the benefits was calculated 
from a given interest rate, an exponential growth­
rate factor for traffic volume, and a service life 
for each improvement. Benefit/cost ratios were then 
determined for each improvement. 

0ynamic Programming 

Multistage dynamic programming was used as the means 
of priority ranking the improvements. By using the 
present worth of the benefits and costs of the im­
provements along with a specific program budget, the 
combination of improvements that would yield the 
greatest benefits was determined. Several hypothet­
ical budgets were input into the program, and the 
improvement types that would yield optimum results 
were output for each budget. Procedures used for 
ranking were similar to those applied to Kentucky's 
high-accident spot-improvement program (§}. 

RESULTS 

Accident Analyses 

The manual search of reports for 1976 yielded a 
total of 5948 accidents that occurred on the Inter­
state system. The largest percentage of accidents 
(64 percent) occurred in large urban areas. Also, 
the largest percentage of accidents (74 percent) was 
not related to either a bridge or an interchange. 
The percentage of bridge-related accidents was about 
the same for the three population groups. However, 
the percentage of interchange-related accidents was 
much higher for the large urban group, and the per­
centage of nonbridge or interchange accidents was 
highest for the rural group. 

All the accidents were classified into the three 
categories shown in Table l (interchange, bridge­
related, and noninterchange). In some cases, an ac­
cident could not be classified as a single event. A 
single-event accident involved one of the accident 
types shown in Table 1. Summaries of the number of 
accidents in each of the three categories divided 
into the number of first events and all events are 
given as well as the percentage of all accidents in 
each category. The combined severity index of each 
category is also given. 

Interchange accidents were found to occur more 
frequently on the exit ramp than on the entrance 
ramp. On both the exit and entrance ramps, the 
largest number of accidents was the rear-end type. 
On entrance ramps, rear-end accidents were the sec­
ond most frequent, followed by angle accidents be­
tween a vehicle that was leaving the ramp and a ve­
hicle on the main line, which indicates that merging 
created the largest number of accidents. On exit 
ramps, rear-end accidents were much more numcrouo 
than any other type. It was presumed that these ac­
cidents were caused in most cases by drivers who 
were not properly slowing when exiting. Some of the 
most severe accidents involved hitting a fixed 
object. 

Bridge-related accidents commonly involved ice or 
water on the deck. Bridge-related accidents in­
cluded several severe accident types; the most se­
vere types occurred primarily when a bridge pier or 
abutment or the bridge curb was hit. 

Accidents on other highway sections were predomi­
nantly the rear-end type. Sideswipe accidents were 
the second most frequent. Many of these were low in 
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severity. The most severe involved collisions with 
fixed objects, single-vehicle accidents, and head-on 
collisions. 

Data on the number of accidents for each popula­
tion group and the mileage and annual average daily 
traffic (AADT) of each group permitted calculation 
of average and critical numbers of accidents and 
rates. These values were found for accidents on the 
entire system (Table 2) and for bridge-related acci­
dents, interchange-related accidents, and accidents 

Table 2. Accident and volume data on Interstates (all accidents). 

Type of Area 

Large Medium 
Item Urban Urban Rural Total 

No. of accidents 3 809 487 1 652 5 948 
Total distance (km) 135.3 101.7 813.5 1 050.5 
Accidents per 1.6 km 46.5 7.7 3.3 9.1 
Critical accidents per 

1.6 km 
p = 95.0 60 14 7 16 
p = 99.5 65 15 8 17 

AvgAADT 40 623 27 305 15 669 20 528 
Million vehicle 2 006 I 014 4 635 7 871 

kilometers 
Average accident 305 77 57 122 

rate8 

Note: 1 km= 0.6 mile; 160 miUion vehicle-km= 100 million vehicle miles. 
aAccidents per 160 million vehicle-km. 

Table 3. Summary of accidents and volumes on bridges, 
interchanges, and other highway sections. 

Item 

Bridges 

No. of accidents 
No. of bridges 
Accidents per bridge 
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on other highway sections (Table 3). 
Whereas 77 percent of the Interstate mileage was 

in rural areas, only 28 percent of all accidents oc­
curred in those areas. The volume was much lower in 
rural areas, and the accident rate for large urban 
areas was found to be more than five times that in 
rural areas (Table 2). The number of accidents per 
1. 6 km in a large urban area was approximately 14 
times that in the rural area. The critical number 
of accidents, for a level of significance of 99. 5 
percent, varied from a value of 65 accidents per 1.6 
km for urban areas to 8 accidents per 1. 6 km for 
rural areas. 

The average rate, expressed as accidents per 160 
million vehicle-km, was higher on bridges than on 
the entire Interstate system (Table 3). The average 
and critical numbers of accidents per bridge were 
lower in rural areas. However, when volumes were 
considered, the average accident rate was slightly 
higher in rural areas. 

For interchange-related accidents, the accident 
rate was expressed in accidents per million vehi­
cles. The number of accidents per interchange in 
large urban areas was more than nine times that for 
rural areas. Also, the number of interchanges per 
1.6 km in large urban areas was more than five times 
that for rural areas. 

The average accident rate was lower for the other 
highway sections compared with that for the entire 
Interstate system (Table 2). The critical number of 
accidents per 0.48-km spot and per 1.6-km section 

Type of Area 

Large Urban Medium Urban Rural Total 

276 23 Ill 410 
130 18 139 287 
2.1 1.3 0.8 1.4 

Critical accidents per bridge 
p = 95.0 5 4 
p = 99.5 6 5 

AvgAADT 51 1-44 29 683 
Avg accident rate• 11.2 11.8 
Avg length per bridge (m) 79.9 85.0 
Total bridge length (km) 10.4 1.53 
Million vehicle kilometers 193.7 16.6 
Avg accident rateb 229 223 

Interchanges 

No. of accidents 948 82 
No. of interchanges 72 20 
Accidents per interchange 13.2 4.1 
Critical accidents per interchange 

p = 95.0 21 9 
p = 99.5 23 10 

AvgAADT 68 046 31 678 
Avg accident ratec 0.53 0.36 
Interchanges per 1.6 km 0.86 0.32 

Other Highway Sections 

No. of accidents 2 585 382 
Total distance (km) 135.3 101.7 
Accidents per 1.6-km section 30.7 6.0 
Accidents per 0.48-spot 9.2 1.8 
Critical accidents per spot 

p = 95.0 16 5 
p = 99.5 18 6 

Critical accidents per 1.6-km 
p = 95.0 42 II 
p = 99.5 45 13 

AvgAADT 40 623 27 305 
Million vehicle kilometers 2 006 I 014 
Avg accident rate" 207 61 

Note: 160 million vehicle-km= 100 million vehicle miles; 1 m = 3.2 ft; 1 km= 0.6 mile. 
l! A,~cldenls per 100 million vci hlcJu ·. 
bAiecldC!lnl !li per 160 million \'~hle lo·km. 
CAccidents per million vehicles. 

3 4 
4 5 
14 137 31 864 
15.5 12.3 
86.6 83.2 
1.20 23.94 
62.l 272.4 
288 242 

114 I 144 
79 171 
1.4 6.7 

4 12 
5 14 
17 638 40 502 
0.22 0.45 
0.16 0.26 

I 427 4 394 
818.5 I 050.5 
2.8 6.7 
0.8 2.0 

3 5 
4 6 

7 12 
8 14 
15 669 20 528 
4 653 7 871 
49 90 
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Table 4. Detailed description of fatal accidents. 

Percent of 
Description Number Total 

Wrong-way head-on collision 20 9 .3 
Vehicle run off road (no collision) 14 6.5 
Accident involved pedestrian 
Workman I 0.5 
Not driver or passenger of another vehicle 8 3.7 
Driver or passenger of another vehicle 3 1.4 
Passenger or driver of disabled vehicle 8 3.8 
Driver or passenger of previous accident _1_ 0.9 

Total 22 10.2 

Median crossover 4 1.9 
Driver lost control of motorcycle 5 2.3 
Accident involved guardrail 
General 4 1.9 
Vehicle punctured by blunt guardrail end 7 3.2 
Vehicle hit buried guardrail end and 3 l .4 

overturned 
Vehicle jumped guardrail 6 2.8 
Vehicle went through guardrail I 0.5 
Vehicle hit guardrail and overturned 9 4.2 
Vehicle jumped over buried guardrail end __!_ 0.5 

Total 31 14.4 

Cross median head-on collision 16 7.4 
Rear-end accidents 
General IS 6.9 
Vehicle hit slow-moving truck 11 5.1 
Vehicle hit during lane change 2 0.9 
Traffic backed up (congestion) I 0.5 
Disabled vehicle 2 0 .9 
Previous accident 2 0 .9 
Vehicle on emergency strip ...2.. 4 .2 

Total 42 19.4 

Bridge-related accidents 
Vehicle hit bridge pier 7 3.2 
Vehicle hit bridge abutment 3 1.4 
Vehicle went through bridge railing 6 2.8 
Icy bridge l 0.5 
Gap between parallel bridges 2 0.9 
Vehicle rebounded off bridge railing _2_ 2.3 

Total 24 11.l 

Accident involved other fixed object 
General l 0.5 
Culvert 2 0.9 
Sign 3 1.4 
Rock cut 13 6.0 
Lightpole 3 1.4 
Earth embankment 5 2.3 

Total 27 12.5 

Accident involved sideswipe 
General l 0.5 
Passing 6 2.8 
Merging from entrance ramp I 0.5 

Total 8 3.7 

U-turn (no crossover) 3 1.4 

was calculated for each population group. The num­
ber of accidents per 1.6-km section and the accident 
rate were much higher in large urban areas. 

The accident rate, critical rate, and critical 
rate factor were calculated for each bridge. Com­
puter listings in order by critical rate factor were 
prepared for all bridges in each population group. 
All the computer listings of the critical rate fac­
tors of high-accident bridges, interchanges, l. 6-km 
sections, and 0.48-km spots were made in descending 
order. This was done because the critical rate fac­
tor was the means used to rank high-accident loca­
tions. The listing gave location (county, route, 
and milepost): volume: bridge length: sufficiency 
rating: number of accidents: accident rate: critical 
accident rate: and critical rate factor. 

Similar printouts were made for each interchange 
in each population group. These printouts were also 
in order by critical rate factor and gave the loca-
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tion and accident information. In addition, the 
number of ramps and number of accidents per ramp, 
entrance ramp, and exit ramp were given. Also, the 
total interchange volume was given. 

The critical number of accidents in a 1.6-km sec­
tion or 0. 49-km spot (excluding bridge and inter­
change accidents) for each population group had been 
determined previously. A listing of all locations 
that had a critical number of accidents was ob­
tained. Volumes were found, and the accident rate, 
critical accident rate, and critical rate factor 
were determined. Computer listings were made for 
the l. 6-km and 0. 48-km locations in order by route 
and milepost. 

In addition to the search for high-accident loca­
tions, the accident analysis included a list of 
roadway elements that contributed to cause or sever­
ity. One method of obtaining this list was from 
general summaries of accident information. A par­
ticularly useful summary was a printout by type of 
accident (first event). This table enabled calcula­
tion of the average number of accidents per l. 6 km 
for specific types of accidents. The critical num­
ber of accidents per l. 6 km could then be calcu­
lated, and a printout of locations that exceeded the 
critical number was obtained. Critical numbers of 
accidents per l. 6 km were determined by population 
group for all accidents, injury and fatal accidents, 
accidents durinCJ darkness, and accinents "n wet. 
pavement. Also, a critical number of accidents per 
1.6 km that involved guardrail was determined. 
Lists of locations at which more than one accident 
had to do with a bridge, light support or pole, or a 
signpost were obtained. The most common types of 
fixed-object accidents involved a guardrail (most 
common type), a rock cut, or an earth embankment. 

A separate analysis was made of fatal accidents 
that occurred in a four-year period (1974-1977). 
All the fatal accidents were put into one general 
category. The largest number were collisions with 
another motor vehicle: second most numerous were 
collisions with fixed objects. In the order of fre­
quency, the fixed objects were guardrails, bridges, 
and rock cuts. Each fatal accident was also placed 
into a detailed category (Table 4). Data from Table 
4 indicated general types of improvements that could 
be made to reduce the number of fatal accidents. 
For example, there were 20 fatal accidents that in­
volved wrong-way head-on collisions. This indicated 
a need to prevent wrong-way entrance onto the road­
way. Other areas that needed safety improvements 
were revealed by the number of fatal accidents in 
which rock cuts (a total of 13) and blunt guardrail 
ends (a total of 7) were involved. An investigation 
of seatbelt use disclosed that only 4. 2 percent of 
the persons fatally injured were wearing a seat­
belt. Thirty-six percent of the fatalities involved 
ejection from the vehicle. 

Other summaries of available information with re­
spect to population were made. The percentage of 
collisions with other vehicles was much higher in 
the high-volume large urban areas, whereas the per­
centage of fixed-object and single-vehicle accidents 
was much higher in the low-volume rural areas. Ac­
cident rates were calculated for Interstate segments 
in each county. A comparison of accident data on 
bridges with and without full-width shoulders showed 
that bridges that had full-width shoulders had an 18 
percent lower accident rate and 51 percent fewer ac­
cidents per bridge compared with bridges that did 
not have full-width shoulders. All interchanges 
were classified into one of 13 categories. The 
rates tended to be higher for the higher-volume in­
terchange types. The lowest rates were for inter­
changes that consisted of entrance or exit ramps 
only and for a T-type or trumpet-type interchange. 
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A comparison of bridges based on adequacy ratings 
was done. It was shown that bridges that had higher 
adequacy ratings had lower accident rates. 

Fie.ld Inventory 

A summary of the number of each type of guardrail 
end treatment was made. The majority of existing 
guardrail ends was buried (85 percent). Some guard­
rails have been upgraded to breakaway-cable terminal 
types (11 percent); a few blunt-end treatments re­
main (4 percent) • 

A listing of the types of safety devices at 
median and shoulder piers was given. For the median 
pier, the most common type was a guardrail (69 per­
cent). The other common type was the earth mound 
(23 percent). A few piers were equipped with crash 
cushions (2 percent), and some provided no protec­
tion for the vehicle (6 percent). For the shoulder 
pier, the guardrail was the only safety device to 
divert the vehicle. In some cases (9 percent), the 
pier had been placed more than 9 m from the road­
way. Also, a few of the shoulder piers (5 percent) 
were not shielded from traffic. The Watterson Ex­
pressway (I-264) had the largest percentage of un­
shielded piers. 

A summary of the bridge inventory data was done. 
Altogether, 290 bridges were inventoried. It was 
found that 75 percent of the bridges had a curb. 
This feature has been eliminated in current stan­
dards. Slightly less than one-half of the bridges 
had full-width shoulders (43 percent) • The pre­
dominant method of protecting or diverting vehicles 
at the median gap between the bridges was a guard­
rail (78 percent). There were various arrangements 
of guardrails. Some of the older installations pro­
vided very little protection. In addition to a 
guardrail, a few installations had shrubs that pro­
vided increased protection. Some bridges were at 
locations that had a median barrier. In a very few 
instances on I-264, no protection was provided. For 
more than one-half of the bridges (60 percent), all 
the safety features were rated as good. The safety 
features consisted of the bridge-rail and guardrail 
transition and end treatment. 

The other roadway features inventoried were sum­
marized. Rigid signs and lightpoles totaled 544, 
and 78 percent were on I-264. Only 20 percent of 
the gore areas were found to be free of obstruc­
tions. The most common obstruction in the gore area 
was an exit sign. Many of these signs were sup­
ported by channel posts placed back to back, which 
have been classified as the nonbreakaway type. Ap­
proximately 113 km (70 miles) of rock cuts closer to 
the pavement than 9 m were found. The largest num­
ber of rock cuts was on I-75 and I-64. Crossovers 
were identified as those that were designed and 
those that had been created by frequent traversing. 
A total of 290 crossovers was located; 29 percent 
had not been designed. 

RECOMMENDED IMPROVEMENTS 

After an in-depth inventory and accident analysis, a 
number of improvements were recommended. These were 
classified as related to 0.48-km spots, 1.6-km sec­
tions, bridges, or interchanges. The types of im­
provements were based partly on guidelines for 
Interstate safety upgrading distributed in 1978 by 
FHWA as the types of highway safety improvement work 
to be included in the 1979 Interstate cost 
estimate. This listing included 29 general 
improvement types. 

Priority listings were made of all hazardous 
spots, sections, bridges, and interchanges. These 
were based on critical rate factors, as explained 
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earlier. Locations that had abnormally high acci­
dent experiences were investigated in the field to 
determine geometric deficiencies. For 0.48-km 
spots, recommendations were offered for 20 loca­
tions. Most of the improvements were variable­
message signs to provide advanced warning to driv­
ers. There were 12 interchanges on which 
preliminary recommendations included ramp metering, 
gore improvements, transverse striping, and addition 
of acceleration lanes. Of the 51 bridges in the 
listing, 15 needed no improvement. Delineation, 
variable-message signs, widening, and ice warning 
signs were recommended. 

In addition to improvements at specific high­
accident sites, improvements were needed to upgrade 
substandard highway features. Based on the inven­
tory of substandard features, a listing of safety 
improvements was made for each route. The unit 
costs for each improvement were also given. 

A combined list of proposed safety improvements 
was developed for high-accident spots, sections, 
bridges, and interchanges; for substandard geometric 
features; for low adequacy rating (bridges only); 
and for unusually slippery pavements. The listing 
included 58 projects. Some projects consisted of 
several hundred individual sites. 

The information given for each improvement type 
included improvement description, number of instal­
lations, accident history (annual), percentage of 
accident reduction, improvement costs, maintenance 
costs, average annual benefits, literature refer­
ences relating to the improvement, benefit/cost ra­
tio, and service life. The expected percentage of 
reductions in accidents was determined based on one 
or more of the 42 references. Benefit/cost ratios 
range from near 0 to 44. 

The percentage of accident reductions was given 
separately for fatal, injury, and property-damage 
accidents. Some improvements will reduce severity 
but not affect the number of accidents. In such 
cases, total accidents will remain unchanged, but 
injury and fatal accidents will be reduced. Thus, 
the number of property-damage accidents shows a neg­
ative percentage of reduction because some inJury 
and fatal accidents are expected to be reduced in 
severity to property-damage accidents after improve­
ments have been made. 

Improvement costs were taken primarily from aver­
age unit bid prices for all projects awarded by the 
Kentucky Department of Transportation in 1977 (7). 
Service lives and annual maintenance costs were also 
selected for each project based on information con­
tained in other sources (§) • 

The total cost for all proposed projects was more 
than $27 million. Of that total, nearly $20 million 
would result in a benefit/cost ratio of more than 
1.0. All the general improvements would pay for 
themselves (benefit/cost ratios of 1.0 or higher). 
Almost all the ramp improvements would have benefit/ 
cost ratios of 1.0 or higher, whereas less than half 
of the deslicking, bridge widening, and spot­
improvement projects would be cost-effective. 

PRIORITY RANKING 

To put projects in order of priority, construction 
costs and expected accident savings must be known. 
Also, interest rates, growth rates, and maintenance 
costs are needed. Projects were then subjected to 
dynamic programming analyses. Some changes in the 
computer programs were made to adapt the procedure 
to the Interstate Safety Improvement Program. 

Input into the program included numbers of in­
juries, fatalities, and property-damage-only acci­
dents for each project location during the previous 
year. Percentage of reductions for these accidents 
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was also used as well as improvement costs, annual 
maintenance costs, and service lives of each proj­
ect. /\n interest rate of 8 percent was used along 
with a volume growth rate of 5 percent per year. 

Output from the program included information for 
each improvement project and a listing of all proj­
ects in order of benefit/cost ratio that could be 
used to determine priority rankings based on bene­
fit/cost ratios alone. The largest benefit/cost ra­
tio was 44.01, which was for the addition of exit 
signs on the left side of I-65 south of Louisville. 
Projects that had the largest benefit/cost ratios 
were generally those that had the smallest improve­
ment costs. Projects ranged in cost from $2000 for 
the left-exit signs to more than $5 million for re­
moval of rock cuts. Several other projects had im­
provement costs of more than $1 million. The next 
project (benefit/cost ratio of 33.16) was the in­
stallation of diagrammatic signs at the I-65 bridge 
in Louisville. A total of 41 of the 58 projects had 
a benefit/cost ratio of 1.0 or higher. This listing 
also provides a column of cumulative benefit/cost 
ratios that allows for the selection of projects by 
the benefit/cost method for a given budget. 

The dynamic programming output was also obtained 
for assumed budgets of $5 million, $10 million, $15 
million, $20 million, $25 million, and $30 million. 
For the $5 million budget, only 15 of the projects 
were selected; they had a combined benefit/cost ra­
tio of 4.04. The combined benefit/cost ratios for 
other budgets were 2. 88 for the $10 million budget, 
2. 32 for the $15 million budget, 2. 00 for the $20 
million budget, 1.80 for the $25 million budget, and 
1.55 for the $30 million budget. 

SUMMARY 

The proposed Interstate Safety Improvement Program 
for Kentucky has been presented. A compilation of 
procedures, results, and priority rankings of the 
recommended improvements has been included. Con­
siderable detail is presented in this report i how­
ever, reference should be made to Appendix G of the 
Kentucky Interstate Safety Improvement Program (_~) 

for a user's guide to assist in the preparation of 
this program and its expansion into other highway 
systems. The original intent was to prepare a sepa­
rate report as a user's guide; however, a more prac­
tical approach was taken, and a generalized guide 
was prepared and references were made to details in 
a companion report (l) • 

Evaluation of the Interstate Gafety Improvement 
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Program was not covered in this report or in the 
earlier report (ll. Guidelines for the evaluation 
are presented in the FHWA Federal-Aid Highway Pro­
gram Manual (!). The basic requirements for an 
evaluation should include the following: 

1. An assessment of the costs and benefits of 
various means and methods used to eliminate identi­
fied hazards, 

2. A comparison of accident data before and 
after the improvements, 

3. Basic cost data used for each type of correc­
tive measure and the number of each type of improve­
ment undertaken during the year, and 

4. Methods employed in establishing project pri­
orities. 
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Publication of this paper sponsored by Committee on Traffic Records. 

Review of FHW A's Evaluation of Highway Safety Projects 

G.A. FLEISCHER 

The Federal Highway Administration has recently funded the development of 
a guide, Evaluation of Highway Safety Projects, and related training materials, 
which have been used in almost 30 workshops throughout the United States 
over the past two years. Evaluation methodology described in these materials 
is based on six related functions: (a) develop the evaluation plan, (b) collect 
and reduce data, (c) compare measures of effectiveness, (d) perform tests of 
significance, (e) perform economic analysis by using either the benefit/cost or 
the cost-effectiveness technique, and (f) prepare evaluation documentation. 
The document is described, with particular emphasis on the proposed economic· 
analysis methodology. Among the specific elements discussed are the follow· 
ing: the significance to decision makers of the benefit/cost and the cost·effec· 
liveness ratios; appropriate notation for the discount factors; restricted use of 

the end-of-period assumption in the discounting models; appropriate techniques 
for dealing with project elements that have unequal service lives; discounting 
cash-flow sequences other than uniform series; discount rate; treatment of risk 
and uncertainty associated with forecasts of parameter values; and bibliography 
and list of selected readings. 

Attempts to document procedures for the evaluation 
of publicly financed plans, programs, and projects 
are not new or novel. The application of these pro­
cedures within the context of highway safety has a 
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briefer history, however. The establishment of the 
National Highway Safety Bureau (NHSB) in 1967, the 
predecessor agency to the National Highway Traffic 
Safety Administration (NHTSA), led directly to a new 
interest in this particular area of application. 
Recognizing the need for documentation of appropri­
ate methodology, NHSB sponsored two efforts, one by 
Operations Research Incorporated and the other by 
the University of Southern California (!.rll. The 
American Association of State Highway and Transpor­
tation Officials (AASHTO) funded a similar effort by 
Roy Jorgensen Associates, and the results were pub­
lished by the Transportation Research Board in 1975 
(3). In addition, the Red Book was revised by the 
Stanford Research Institute and published by AASHTO 
in 1978 (il; Section II of this edition describes 
economic analysis methodology. 

These earlier efforts (and others) notwithstand­
ing, the Federal Highway Administration (FHWA) con­
cluded that an appropriate methodology should be 
developed with the FHWA that would (a) be suitable 
to the determination of the extent to which individ­
ual highway safety projects contribute to the reduc­
tion in the frequency, rate, and/or severity of 
traffic accidents and (b) link these beneficial con­
sequences, if significant, to associated costs. The 
goal would be to assist "State and local agency per­
sonnel improve their ability to select and implement 
those improvements which provide the highest safety 
pay-off based on evaluation results of past experi­
ences" (2, p. S-2) . 

Figure 1. Project purpose listing (sample I. 

Page ___ of ---

PROJECT PURPOSE LISTING 

Evaluation No. __ A-_T _____ _ 

Deta/Evaluator 2123177 /VVP Checkedby _ 2_1_2s_1_11_/_HE_s _ _ _ 

Project No. _ __ P_- _T ------

Project Description end Locetion(sl Rcpto<-n 6°W.-•"l!I • t ap •<gn ...W1 
two-pluued 6-i.xed :time eontJtoUVl <tt B!toadwa.y and 7th S:tltew 

CountermeHure(sl/Codes T1U166-i.e Si.gna.i I"":ta.tta:ti.on IFHWA Code 11 I 

Project PurpoH Juettticetlon 

I. To Reduee Ri.gh:t Angie Aeei.dmtl.. 1. Hi.gh i.nei.denee {32 601< 3 yeaM I 
o 6 lllgh:t angle :type aeei.dmtl. 

d{l)[,{ng plle-plloj ee:t p<lli.od. 

2. To Reduce Aeei.den:t SeveAUy. 2. SeveAUy o 6 acei.dmt& l<kI4 g1<e<tt 

{F and 1 = 50%1 due to hi.gh 

appllOach ,;peed.I . 

3. To MUu:m<ze 1 n:t<ll6 ee:ti.on 3. S:tudi.u eondue:ted on 5/76 and 

Vetay. 9/76 ,;hawed hi.gh eonguuon and 

,;,iqni.Ucant detau on minoll 

•:tltew. 
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To this end a contract was awarded to Goodell­
Gr ivas, Incorporated, in February 1977. (The amount 
of the award, after subsequent amendments, was ap­
proximately $77 500.) Final documentation was sub­
mitted to FHWA in the late fall of 1978 and, after 
certain modifications by that agency, the Procedural 
Guide was printed in January 1979 (~). The Instruc­
tor's Guide, class handout materials, visual aids, 
etc. were also prepared by FHWA. 

From fall 1978 through summer 1980, approximately 
27 workshops were conducted throughout the United 
States. These workshops, organized through the re­
gional offices of FHWA, included participants from 
state departments of transportation, FHWA, and local 
road planners. There were approximately 600 partic­
ipants as of summer 1980. Generally, instructors 
for the workshops were recruited from among FHWA re­
gional staffs. In some instances, FHWA's Washington 
personnel served as instructors. 

An important feature of this recent effort was a 
series of concurrent contracts with 24 states to 
actually put into effect the procedures outlined in 
the manual. Almost all the 24 states did so, but 
with mixed results. (A review of the users' experi­
ence is beyond the scope of this paper.) In my 
judgment, the absence of a users' follow-up explains 
in great part the failure of the earlier NHSB/NHTSA 
and AASHTO efforts to have any substantial impact. 

FORMAT 

The principal document is a set of explanatory and 
reference materials incorporated into a loose-leaf 
notebook. The main body of the notebook is a six­
part discussion of the underlying philosophy, meth­
odology, and techniques. (An overview is presented 
below.) Appendices include a glossary of terms, 
sample worksheets and data forms, statistical 
tables, compound-interest tables for the single-pay­
ment and uniform-series present-worth (PW) factors 
(i = 5, 6, 7, 8, 9, 10, 12, 14, and 16 percent), and 

a 17-item bibliography. Also included in the note­
book are five fully worked out case studies. 

OVERVIEW OF METHODOLOGY 

In this section we will summarize briefly the prin­
cipal functions, or elements, of the proposed meth­
odology. The reader is referred to the source docu­
ment (~) for a more-detailed presentation. 

Fu nc t i on A: Develop Evaluation Pla n 

Step Al: Select the project to be evaluated. 
Among the selection criteria recommended are current 
and future highway safety project efforts, project 
implementation dates, data availability, sufficiency 
of accident data, and project purpose. A sample 
worksheet for project purpose is given in Figure 1. 

Step A2: Stratify projects, i.e., aggregate 
similar projects into groups (where warranted), on 
the basis of countermeasure types and geometric and 
environmental characteristics. 

Step A3: Select evaluation objectives and mea­
sures of effectiveness (MOEs). The fundamental ob­
jectives to be specified in all evaluations are 
total accidents, fatalities, injuries, and property 
damage. A sample worksheet that relates evaluation 
objectives to MOEs is given in Figure 2. 

Step A4: Select the experimental plan most suit­
able for the evaluation study. Four alternatives 
are specified: (a) use plan before evaluation and 
also use after with control, (b) use plan before and 
after only, (c) use parallel study in which accident 
experience at the project site is compared with that 
at a similar control site (s), and (d) use plan be-
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Figure 2. Objective and MOE listing (sample). 

Page __ of--

OBJECTIVE AND MOE LISTING 

Evaluation No. _ A_-_7 _______ _ 

Date/Evaluator __ 21'-2_3'-17_7'-/VO_P ____ Checked by 2/28/77/HES 

Ev.lu•tlon Obj•ctive MeHure of Eff• ctivenH• (MOEi 

Determine the effect of Percent change in: 
the project on: (check one) 
(fundamental) Rate _X __ or Frequency ___ 

(fundamental) 

-- -
1. Total Accidents 1. Total Accidents/ ML/ --
2. Fatal Accidents 2. Fatal Accidents/ AIV 

3. Injury Accidents 3. Injury Accidents/ MV 
---

4. PDQ Accidents 4. PDO Accidents/ llV 

(project purpose) (project purpose) 

5. S.i.dv.iwi.pe. Ac.ci._de_n,t s; _S'idC41uipe A'cei.d<JU./~I~ 

6. Apptoaeh Speed 6. llMll ~·'~•~a•I •~• • d 

~ 

---

Figure 3. Experimental plan selection. 

IS BEFORE DATA 
AVAILABLE OR 

CAN IT BE ESTIMATED 
SATISFACTORlt YI 

YES 

IS PROJECT 
OF A TEMPORARY 

NATURE ll E, CONSTRUCTION)] 

NO 

IS CONTROL 
OF INDEPENDENT 

VARIABLES CRITICAL/ 

YES 

ARE SUFFICIENT 
RESOURCES AVAILABLE 
TO COLLECT, ANAL VZE, 
AND INIERPA~I DATA/ 

YES 

CAN CONTROL 
SITES 

BE IDENTIFIED/ 

USE 
'"°"""NO~-.. CDN\PARATIVE PARALl..EL 

it' L.. Ml CI 

YES 

NO 

NO 

YES 

USE BEFORE, 
DURING, AND AFTER 

(PLAN DJ 

USE BEFORE, 
AND AFTER 

(PLAN Bl 

USE BEFORE, AND 
AFTER WITH 

CONTROL SITES 
(PLANA! 

·-
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Figure 4. Data requirements form (sample). 

DATA REQUIREMENTS LISTING 

Ev•lu•tlon No. _ A_- 7 _____ _ 

D•t•/Ev•lu.tor 2/23(77/VOP Checked by _.:2.:..f:..:28:..cf.:..77"'"/.:..;HE=S'-----

Experim•nUll Pl•n-_B_e~6o_4_e._a_"_d_A~6_teJL _____________ ~-

Oat. N•ad• M•gnltud• 
fN1.1Mb•t of 8.l•H~ Tm• P•tkMI .. o., .. , 

I. T ota..t' AeWJ...U StJr.a.ti.6.i_ed by 1. 3 ye.aJLI> be6Me 15/73 to 5/76) a"d 
Sevvtity a6teJL 15/77 to 5(80) ptwject 

hnplementat.iim '°" ki.ve 6.i.te.6. 

2. Run-066-Road aeudefl.tl. •.tM.ti.- 2. 3 yeaJL.\ be6Me (5/73 to 5/76) ru1d 

6.led by light.Uig c.on.dltion a6teJL (5/77 to 5(80) ptwject 

(tt.i.ght v•. day) hnplementat.i.o" 604 6J.,ve •.i.te.6 , 

3, AveJtage a""ua.t dail.y :tJta.66.i.e 3, FOil e.aeh yeaJL (5/73 th!w 5/80) 

the a.nalq•-W fo4 1.lve. •lte;, . 

fore, during, and after study. The rationale for 
this plan selection is summarized in Figure 3. 

Step A5: Determine the data variables to be col­
lected. At a minimum, these should include 

1. For each project or 
cost (construction, labor, 
head, etc.); and 

group of projects, 
equipment rental, 

total 
over-

2. For the analysis periods, (a) number of years 
of accident data, (bl total number of accidents, (c) 
number of fatal accidents, (d) number of property­
damage-only (PDO) accidents, and (e) number of ve­
hicles for spot or intersection locations and 
vehicle miles of travel (VMT) for roadway section 
locations. 

[Parenthetically, it may be noted at this point that 
the Summary specifies the collection of "complete 
accident history for at least three years before and 
after implementation" (_?_, p . S-11), whereas the Pro­
cedural Guide specifies the data be collected "for 
the analysis periods" (.§_, p. A-30). There appears 
to be some inconsistency here.] 

Step A6: Determine the magnitude of the data 
needs, which includes estimates of sample size re­
quirements for each data set. The form used for 
listing data requirements is shown in Figure 4. 

Function B: Collect and Reduce Data 

Step Bl: Select the control sites. 

06 
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Step B2: 
Step B3: 

Collect data before study. 
Collect data after study. 

Function C: Perform Comparison of MOEs 

Step Cl: Prepare data summary tables as illus­
trated in Figure 5. 

Step C2: Calculate the percentage of change in 
the MOEs by estimating the expected values under the 
do-nothing assumption and then comparing the actual 
(observed) with the expected values. The worksheet 
for these steps is also given in Figure 5. 

Function D: Perform Statistical Test of Significance 

Step Dl: Test accident MOE variables. 
Step D2: Perform other statistical tests, es­

pecially those dealing with traffic performance 
characteristics. Among the statistical tests dis­
cussed in this section of the Procedural Guide are 
the F-test, t-test, test of proportions, and tests 
based on the chi-square and Poisson distributions. 

Function E: Perform Economic Analysis 

Function E is to be performed "whenever a statis­
tically significant reduction in an MOE was observed 
in previous Function D" (!, p. S-22). 

Step El: Select the appropriate economic analy­
sis technique, either the benefit/cost (B/C) or 

Figure 5. MOE data comparison worksheet (sample). 

Page __ of __ _ 

MOE DATA COMPARISON WORKSHEET 

Evaluation No. _ c_-_1 _ _______ _ 

Data/Evaluator 8/ 22 177/MUL Checked by 8/29/77/HES 

Experimental Plan BeooJte - A6teJt wah co .. .c..ol 

Control Proj•ct 

Befor• Aft•r Befor• After 

MOE Data Summery CBcFl (ACF) (Bpf) (Apf) 

Accidents: 

(Fundamental) .... 
13 YeaMJ ,_ __ 

--1-
Total Accidents 30 21 24 21 ... -
Fatal Accidents 12 
Injury Accidents 12 12 
PDQ Accidents 

(Project Purpose) 

Tota.( ROR Accide.nM 15 12 12 
·-1--

,_ __ 
-

Exposure (3 YeaM I 
units:_V, or-1:iVM 5. 01 

MOE Comperiaon 
Bc!L 

Rate_X_or Frequency __ 
ACJL Bp~ Ap!L EE (%) 

Tou1J A'cldonu.11.tw.f 5. 99 3. 91 6.11 4.43 3. 99 -11. 0 

F>1ol Accldonn/MVM 1. 80 1. 12 3. 05 0. 63 1. 90 66. 8 

Injury Accidents/ MVM 2. 40 1.12 3. 05 1.27 1. 42 10. 6 

PDQ Accidents/ MVM 1. 80 1. 68 2. 53 

To-ta.( RORJMVM 2. 99 2. 23 3. 05 
,,___ 

1. 90 2 .27 16. 3 

,_ 
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cost/effectiveness (C/E) ratio. The latter should be 
used when accident reduction effects are not ex­
pressed in monetary terms. 

Step E2: Perform the B/C ratio technique (when 
all consequences are expressed in monetary terms). 
The B/C ratio technique consists of the following 
steps (the step numbers do not necessarily corres­
pond to the numbers in the sample worksheet shown in 
Figure 6): 

1. Determine initial implementation costs, i.e., 
design, construction, right-of-way, etc. 

2. Determine net annual operating and mainte­
nance costs. (Road user costs are ignored.) 

3. Determine the annual safety benefits in terms 
of the number of fatal, injury, and PDO accidents 
prevented. 

4. Assign a dollar value to each benefit cate­
gory. "If a set of cost figures has been adopted by 
the agency, they should be used in the analysis and 
documented in the analysis report" (!, p. E-5). In­
cluded for possible use are 1975 cost data reported 
in a NHTSA document (l) and 1976 estimates reported 
by the National Safety Council (_!!). These are as 
follows: 

Category 
Fatality 
Injury (avg) 
POO 

NHTSA (1975 $) 
287 175 

3 185 
520 

NSC (1976 $) 
125 000 

4 700 
670 

5. Estimate the service life of the project, 
i.e., "that period of time [for] which the project 
can be reasonably expected to impact accident ex­
perience" (6, p. E-7). Selected service-life cri­
teria used bY FHWA are provided in an appendix. 

6. Estimate the salvage value of the project or 
improvement at the end of its service life. 

7. Determine the appropriate interest rate to be 
used in discounting future consequences. No par­
ticular rate is proposed. However, "an annual 
interest rate of 10% may be used when standard poli­
cies do not dictate otherwise" (!, p. E-10). 

8. Calculate the B/C ratio based on either the 
equivalent uniform annual cost (EUAC) and equivalent 
uniform annual benefit (EUAB) or on the present 
worth of costs (PWOC) and the present worth of bene­
fits (PWOB). The authors of the guide assert that 
the present-worth formulation "cannot be used for 
projects that have multiple countermeasures with un­
equal service life" (!, p. E-12). A sample B/C 
analysis worksheet is shown in Figure 6. 

Step E3: Perform the C/E technique (when safefy 
benefits are not expressed in monetary terms). The 
C/E technique consists of the following steps: 

1. Determine initial implementation costs; 
2. Determine net annual operating and mainte­

nance costs; 
3. Select the units of effectiveness to be used 

in the analysis, e.g., the average number of acci­
dents prevented per year; 

4. Determine the yearly (nonmonetary) benefits 
for the project; 

5. Estimate the service life; 
6. Estimate the net salvage value; 
7. Determine the appropriate interest rate; 
8. Calculate either EUAC or PWOC [the authors 

assert that PWOC should not be used when counter­
measures have unequal service lives; however, EUAC 
is "appropriate for both unequal and equal service 
lives" (!1 p. S-26)]; 

9. Calculate the average annual benefit ~ in the 
desired units of effectiveness: 

B= ~ By/m 
y=I 

(1) 
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Figure 6. B/C analysis worksheet (sample I. 

Evaluation No1 C.S - .3 

Project Nos P-~ 

D!lte/Ev!lluator: 8 · q -11 / &C. D 

1. Initial Implementation Cost, I: $ 450,000 

2. Annual Operating and Maintenance 
Costs Before Project Implementation: $~~0~~--~ 

3 • .Annual Ope.rating and Maintenance 
Cost After project Implementation: 

4. Net Annual Operating and 
Maintenance Costs, K (3-2): 

5. Annual Safety Benefits in Number 
o~ Accidents Prevented: 

$,;,500 

$ .;;l,500 

E)cp,.cted - Act·ual = Jlnnual BO:: neJ:it 

a) Fatal Accidents 
(Fatalities) 

b) Injury Accidents 
(Injuries) 

c) PDO Accidents 

8.8 1. 3 

8."1 

15 .0 

NSC ·. 6. Accident Cost Values (Source __ ~~----

Severi ty 

.. ) 'F'1't~1 AIO,..idP.nt (Fatality) 

bl Injury Accident (Injury) 

cl PDO Accident 

Cost 

$ l.;)5.,000 

$ 4, 100 

$ (,10 

7. Annual Safety Benefits in Dollars Saved, ~. 

sz.i x Ga>-·~ ,,5 • 0 12.5,ooo • • q31, 500 

Sb)o,x 6b) =(..4.2. • '4,lOO• 'l.1.,140 
Sc) x 6c) =II.I• •(,10 • ~1,4.31 

Total $ I 011,1.11 

1.5 

1-4 . .<. 

/I . I 

): 

where B is benefits in project year y and m is 
number o? years since project implementation; and 

10. Calculate the ratio of annualized project 
costs to average annual benefits. A sample C/E 
analysis worksheet is shown in Figure 7. 

Function F: Prepare Evaluation Documentation 

Step Fl: Organize evaluation study materials. 
Step F2: Assess the project in terms of its de­

gree of success. 
Step F3: Determine reasons for project failure, 

if indicated. 
Step F4: Identify evaluation results for inclu­

sion in the aggregate data base. 
Step FS: Discuss and document the evaluation 

study results. 

CRITIQUE 

Significance of B/C Ratio 

As noted above, the proposed procedure calls for the 
determination of a B/C ratio in those instances in 
which the traffic safety consequences, especially 
the costs of deaths and injuries, are expressed in 
monetary terms. There are two alternative equations: 

B/C = EUAB/EUAC (annualized approach) (2) 

B/C = PWOB/PWOC (present-worth approach) (3) 

See Figure 6 (steps 13 and 16) for illustration. 
'i'he authors do recognize that there are a number 

of analysis techniques other than the B/C ratio 
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8. Services life. n: 2Q yrs 

9. Salvage V2!lue, T: $ 0 

10. Ir1~ ··: rr:!;t Rat: ~, i: _ l_Q._ ' o, ,1g --· 

QJ.~ 
Q"_Qll5 

EUAC I (CR~) + K - T (SF~) 
= •450,000(0 .1115)• '.;i,500 -0 = "55,2>15 

12. EUAli Calculation: 

~:UAB = B 

='10111.,1 

13. B/C = EUA~/EU~C = fl,Oll,(.1 1 /.55,315:; 18 . .3 

14. PWOC Calculation: 

i 
PWn 

SP Ii~ a 
N/A 

PWOC :r + K (SPli~) - T (PW~) 

15. PWOB Calcula .. tion1 

PWO!l B(SPli~'l 

L6. B/C = PWOB/PlvOC ~ 

method--for example, (internal) rate of return and 
net present worth. They also indicate, quite cor­
rectly, that "any project that has a benefit/cost 
ratio greater than 1.0 is considered economically 
successful" (6, p. E-3). Unfortunately, they do not 
emphasize th.rt the B/C ratios do not reflect the 
relative desirability of alternative projects. In­
deed, the point is not made at all in either the 
Summary or the Procedural Guide. In the absence of 
such a caveat, it is not only possible but likely 
that unsophisticated users will attempt to rank-or­
der projects on the basis of their respective B/C 
ratios. 

S i gnificance of C/E Ra t i o 

"An alternative to the benefit/cost technique is to 
determine the cost to the agency of preventing a 
single accident and then deciding whether the proj­
ect cost was justified. This is the cost/effective­
ness technique" (~, p. l'.:-3). 

There are two problems, at least, when one uses 
this technique. The first arises from the fact that 
a unique C/E value can only be derived when there is 
a unique MOE for the projPct. As illustrated in 
Figure 7, for example, the reduction of 10. 6 acci­
dents per year is effected by an EUAC of $13 216 
(step 9) or a C/E value of $1250 per accident pre­
vented (step 11). But suppose an EUAC of, say, 
$13 200 resulted in a reduction of two injury acci­
dents and eight PDO accidents per year. A unique 
expression for the C/E value is not possible unless 
the equivalency between injury and PDO accidents is 
specified. It should be noted that the authors do 
recognize this problem: "This [C/E] can only be 
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Figure 7. C/E analysis worksheet (sample). 

Evaluation No: C.~ - I 

Project !lo: P - I ..... 
Date/Evaluator: l:l-.3-,/ /AC>C. Checked by: 12,j~T#JB 
l. Initial Implementation Cost, I: $ eo,ooo 
2. Annual Operating and Maintenance 

Costs Before Project Implementa~ion: $ 0 

3. Annual Operating and Maintenance 
s i_oo Costs After Project Implementation: 

4. Het Annual Operating and Maintenance 
Cost11,K (3-2). s 400 

s. Annual Safety Benefits 
Accidents Prevented, ~: 

in Nuinber of 

Accident Type Expected - Actual • Annual Benefit 
ITarA .. Au..iOOJr:s. l'S:J.0 - ID/ (~ VCAO.:>) 

lim•'- AwOE;i.IT3 /Yri.. /#!.~ - 33,7 

Total ;f/113 -~3.7 = /0.~ --

Aee1il#li-ls /kt.Jelf~Ji"''.J" = /(;) .• 
6. Service. Life, n: 10 yrs. 

7. Salva9e Value, T: $ Q 

a. Interest Rate: IQ , = 0.10 

- -

9. EU/<C Calculation: 

CR~ :::1 O. I(,?,, 7 

SF~ = 0 - 0C.Z,J 

IWAC - I (CR~) + K - T (SF~) 

....__ m eo,ooo (o ' 1(,2.1) .. Z.00 - 0 2 
• 13,2.ll. 

10. Annual Benefit: 

Ii Cfrom s> ·ID.~ ~ 

11. C/E = EUAC/li' • •i'!>,2.1'~1(),'1 iil,Z/.7 ::::"'~2$"0 

12. PWOC Calculation: 

PW~s 
SPW~= N /A 
PWOC= I + l\ (SPW~) - T (PW~) 

13. Annual Benefit 

n (from 6) yrs~ 

ii (from 5) accidents prevented per year 

14. C/E • PWOC(SF~)/jj 

performed for one type of accident at a time" (.§_, p. 
E-3). 

The second problem--perhaps more important than 
the first--is that C/E values are useful in select­
ing from among alternatives in only three very 
special situations: dominance in both costs and ef­
fectiveness, projects that have equal effectiveness, 
or projects that have equal costs (2.l. Otherwise, 
given two or more projects with unequal costs and 
effectiveness, the relative attractiveness of these 
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alternatives is not reflected by their respective 
C/E ratios. 

It is not entirely clear what the authors would 
have the users do with the resulting C/E values. 
The discussion in the text appears incomplete . 
Their intent may be inferred, however, by reference 
to the sample problems in the Procedural Guide. At 
the end of one of these problems, there is the 
statement: "The results of this analysis may be 
interpreted by comparing this C/E value with those 
from other competing highway safety projects" (.§_, p. 
E-19). Exactly how this comparison is to be done 
and its validity are unclear. Certainly it is not 
correct to rank-order alternative projects solely on 
the basis of their C/E values. 

Notation 

Four compound-interest factors are included in the 
Procedural Guide: (a) capital recovery, (b) sinking 
fund, (c) series PW, and (d) single-payment PW. The 
four factors and their algebraic formats are given 
in the first two columns of Table 1 (i is the 
interest rate; N is the number of interest periods 
for compounding and discounting). Unfortunately, 
the superscript-subscript notational scheme adopted 
by the authors (third column of Table 1) is old­
fashioned. The American National Standards 
Institute (ANSI) Committee Z94 recommended two 
standardized notational schemes in 1970--mnemonic 
and functional (lQ_) • These are shown in the last 
two columns of Table 1. Virtually all engineering 
economy textbooks published during the past decade 
have adopted one of these two schemes. (The new 
ANSI committee report, to be published shortly, will 
recommend universal adoption of the functional nota­
tion.) 

End-of-Period Convention 

The evaluation models described in the Procedural 
Guide imply the end-of-period convention for cash 
flows and compounding and discounting. For example, 
the series PW factor is used to determine the 
equivalent present value of annual safety benefits 
as well as the equivalent present value of net an­
nual operating and maintenance costs. Specifically, 

PWOC =I+ K(P/A, i, N) -T(P/F, i, N) 

PWOB = B(P/ A, i, N) 

where 

I initial implementation cost, 

(4) 

(5) 

K = net annual operating and maintenance 
costs, 

T "' salvage value, 
8 annual safety benefits in dollars 

saved, 
N service life, 

(P/A, i, N) uniform-series PW factor, and 
(P/F, i, N) single-payment PW factor. 

These formulations imply that annual effects-­
operating and maintenance costs and safety bene­
f i ts--occur at the end of each period. These impli­
cations, or assumptions, are unwarranted. Annual 
operating and maintenance costs, for example, are 
likely to occur at a number of times within the 
year, say, quarterly, monthly, or daily. And safety 
benefits, in a statistical sense, are distributed 
uniformly over the year. Thus a more-reasonable 
discounting model should provide for continuous cash 
flows within the year with continuous discounting at 
effective interest rate i. (As a rule of thumb, the 



22 Transportation Research Record 808 

Table 1. Comparison of no1ational schemes. 
Notational Scheme 

Factor Algebraic Format FHWA Mnemonic Functional 

Capital recovery i(l + i)N/[(l + i)N - I I CRni (CR,i, N) (A/P,i, N) 
Sinking fund i/[ (I + i)N - I I SFni (SF, i, N) (A/F, i, N) 
Serie.s PW [(I + i)N - 1 I /i(l + i)N SPWni (SPW,i,N) (P/A,i, N) 
Single-payment PW 1/(1 + i)N 

continuous model is more accurate than the end-of­
period model when there are at least four cash flows 
within the period.) 

The discount models proposed in the Procedural 
Guide are easily modified to reflect the con­
tinuous-cash-flow assumption. One simply uses the 
correction factor i/ln(l+i) in those instances in 
which there are at least four occurrences within the 
year. Thus, 

PWOC =I+ K[i/ln(l + i)](P/A, i, N) -T(P/F, i, N) 

PWOB = B[i/ln(l + i)](P/ A, i, N) 

(6) 

(7) 

The magnitude of the correction factor is a non­
linear function of the interest rate. When i = 10 
percent, for example, i/ln(l+i) = 1.049. That is, 
the end-of-period assumption understates the annual 
consequences by about 5 percent. This error, I 
believe, is not insignificant. 

Treatment of Onegual Service Lives 

The authors properly draw the attention of users to 
potential problems created when projects contain 
multiple countermeasures that have unequal service 
·1ives. They are quite correct in stating: "While 
the economic evaluation of a completed project does 
not involve comparison of alternatives, the determi­
nation of present worth of costs for improvements 
with unequal service lives becomes a problem similar 
to the issue of comparison of alternative projects" 
(.§_, p. E-8). The governing principle here is that 
all alternatives must be measured over a common 
planning horizon in order for differences between 
alternatives to be fully and fairly assessed. Thus, 
if a component of a project has a service life n 
that is shorter than the life of the project itself 
N, the analyst must assess the consequences between 
periods n and N to complete the evaluation. 

After making this point, the author a assert that 
only the annualized B/C formulation can be used for 
projects that have multiple countermeasures with un­
equal service lives; the PW formulation cannot be 
used. Put somewhat differently, the authors' posi­
tion is that the B/C ratio must be based on the an­
nualized approach: B/C = EUAB/EUAC. This instruc­
tion is misleading, if not incorrect. It stems from 
a failure to appreciate fully the assumption in­
herent in the annualized formulation. 

Either the annualized or the PW formulation, 
properly applied, can lead to valid analysis in the 
presence of alternatives (or components) that have 
unequal lives. This can be illustrated by a very 
simple numerical example. Consider two alterna­
tives, X and Y, with cash flows as follows: 

Alternative 
x 
y 

End of .Period 
0 .L 
-100 40 

-80 60 

(For ease of calculation, 
i = 0. This simplification 
underlying principles, but 

2 
40 
60 

.L 
40 

4 

40 

we will assume that 
has no bearing on the 
it does simplify the 

PWni (PW,i, N) (P/F, i, N) 

arithmetic.) It may be readily seen that 

PWOB(X) - PWOC(X) = @) 

PWOB(Y) - PWOC(Y) = 40 

EUAB(X) - EUAC(X) = 60/4 = 15 

EUAB(Y) - EUAC(Y) = 40/2 = @ 

(8) 

(9) 

(10) 

(11) 

Which of the above is correct? Is X preferred to Y 
or is Y preferred to X? The answer is that no con­
clusion can be drawn because the analysis is incom­
plete at this point. If we adopt the assumption 
that a replacement for Y will be implemented at the 
end of two periods and if this replacement (Y') is 
identical in every respect to the original Y, then 
the net PW of this four-period sequence of cash 
flows for Y and its successor (Y') is 40 + 40 = 80 
and its net benefit per period is 80/4 = 20. Now 
the alternatives may be compared by either the an­
nualized or the PW formulation because the planning 
horizon is constant for both: 

PWOB(X) - PWOC(X) = 60 

PWOB(Y + Y') - PWOC(Y + Y') = @ 

EUAB(X)- EUAC(X) = 60/4 = 15 

EUAB(Y + Y') - EUAC(Y + Y') = 80/4 = @) 

(12) 

(13) 

(14) 

(15) 

It will be noted, of course, that the proper con­
clusion would have been determined initially by 
simply using the annualized formulation. But this 
is so only because of this critical assumption: Re­
placement (s) for the shorter-lived investment is 
(are) identical in every respect to the original in­
vestment. Thii; assllmption is commonly employed in 
engineering economy textbooks, homework, exams, 
etc., and students form the unfortunate impression 
that the annualized approach always yields valid 
results when one is dealing with unequal lives of 
components of the analysis. 

Parenthetically, it may be noted that the cri­
teria used in the preceding paragraph to illustrate 
this issue are 

1. Maximize (net PW) =max (PWOB - PWOC), and 
2. Minimize (net EUAB) = min (EUAB - EUAC). 

These were selected because of the intention here to 
focus on the issue of unequal lives, and these two 
criteria avoid the ranking problem that arises when 
the B/C ratio method is used. To demonstrate that 
the principle outlined above is also valid when the 
B/C criterion is used, observe the formulations in 
Table 2. (Note that the B/C ratios for Y and Y+Y' 
are equal because of our earlier assumption of 
identical replication. This will only be true under 
this particular condition.) The two alternatives of 
interest here are X and Y+Y'. Since each results in 
a B/C ratio greater than unity, each is preferred to 
the do-nothing alternative. To determine whether Y 
is preferred to X (or, more precisely, to determine 
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Table 2. Analysis by using B/C criterion. 
Formulation 

Alternative Life PW Annualized 

x 
y 
Y+Y' 

4 
2 
2+2 

PWOB/PWOC = 160/100 = 1.6 
PWOB/PWOC = 120/80 = 1.5 
PWOB/PWOC = 240/160 = 1.5 

EUAB/EUAC = 40/25 = l .6 
PWOB/PWOC = 60/40 = 1.5 
PWOB/PWOC = 60/40 = 1.5 

whether Y+Y' is preferred to X), the incremental B/C 
ratio must be computed: 

Incremental 
Computation 
Benefits 
costs 
B/C ratio 

Formulation 
PW 
240 - 160 = BO 
160 - 100 = 60 
B0/60 1. 33 

Annualized 
60 - 40 = 20 
40 - 25 = 15 
20/15 = 1. 33 

In either formulation, the B/C ratio exceeds unity, 
and thus, on the basis of this criterion, alterna­
tive Cs) Y+Y' is (are) preferred to alternative x. 

The criticality of the identical-replication as­
sumption may be illustrated by a simple extension of 
the above example . Suppose that the replacement 
(Y') to the original Y costs 110 units at tbe start 
of the third period . Other cash flows are the same: 

Alternative 
y 
y• 

End of Period 
0 .L _2_ 
-BO 60 60 

-110 60 

Now the comparison with X is as follows: 

PW(X)=@ 

PW(Y + Y') = 50 

EUAB(X) = 60/4 =@ 

EUAB(Y + Y') = 50/4 = 12.5 

60 

(16) 

(17) 

(18) 

(19) 

Without careful attention to the cash flows associ­
ated with the replacement (s), simplistic use of the 
annualized approach may lead to improper results . 

Because the ident:ical-replication assumption is 
seldom justified outside the artificial world of 
textbooks, it is recommended that analysts consider 
carefully the cash-flow consequences between the end 
of the service life of the shorter-lived investment 
and the end of the planning horizon. Otherwise·, 
serious errors could result. 

Time Distribution of Costs and Benefits 

The proposed procedure does not give guidance to 
users as to the proper treatment of costs and bene­
fits when they vary over the planning horizon (life 
of the project). Both the annualized (uniform­
series) and PW formulations as proposed by the 
authors infer that annual operating and maintenance 
costs, as well as annual safety benefits, occur uni­
formly at the end of each year throughout the 
planning horizon. Specifically, 

B/C = B/ [I(A/P, i, N) + K - T(A/F, i, N)) (20) 

or 

B/C = [B(P/ A, i, N)] / [£ + K(P/ A, i, N) - T(P/F, i, N)] (21) 

where (A/P, i, N) is the capital recovery factor and 
(A/F, i, N) is the sinking fund factor. 

There are, however, several other patterns of 
consequences that the analyst may well encounter in 

real-world problems. Let Cj be the magnitude of 
the consequence in the jth period. Compound-inter­
est factors exist in the engineering economy litera­
ture for the following sequences: 

1. Uniform: Cl= C2 = . .. = CN; 
2. Arithmetic gradient: Cj+.l = Cj + G, where 

G is the amount of period i c increase or decrease; and 
3. Geometric gradient : Cj+l = (l+alCj, where 

a is the rate of period increase or decrease. 

In the event that the consequences 
period are not described by one of 
haved series (i.e., the consequences 
the following models may be used: 

from period to 
these well-be­

are irregular), 

N . 
PW=~ C·(I + i)"l 

j=i J 

N 
Equivalent uniform annual amount= (A/P, i, N) ~ Cj(I + i)"i 

j=i 

(22) 

(23) 

Our point here is that the computational models 
provided in the Procedural Guide , based on the uni­
form-series assumption, are overly simplified. 
Actual expe·rience or proje.ctions are likely to be 
best described by arithmetic or geometric gradient 
series or, more likely, by the generalized formula­
tion, which also accommodates an irregular pattern 
of consequences. Thus it is recommended that the 
economic models be modified as follows: 

N . N 
B/C = PWOB/PWOC = .~ Bi(! + i)"l/ [I - T(I + i)"N + ~ K-(1 + i)"l] (24) 

J=t j=i J 

where all notation is as defined earlier except that 
Bj is the annual safety benefits in dollars in the 
jth period and kj is the cost of operations and 
maintenance in the jth period. 

Note that the above formulation assumes that all 
elements of costs and benefits occur at the end of 
their respective periods . (The initial cost , it is 
assumed, occurs in a lump sum at the beginning of 
the first period . ) In the event that the con­
tinuous-cash-flow convention appears more appropri­
ate, the factor for converting from end of period to 
during period is simply i/ln(l+i). 

Discount Rate 

As noted previously , the authors suggest that "an 
annual interest rate of 10% may be used when stan­
dard policies do not d i ctate otherwise" (§_, p. 
E-10 ). The justification foe this value is not pro­
vided, however . {The figure of 10 percent is prob­
ably based on the 1971 recommendation of the u.s. 
Office of Management and Budget (ll) .] some addi­
tional substantiation would be welcome . In any 
event, my view, admittedly without proof, is that 
the 10 percent rate understates the true marginal 
cost of capital in the United States at the present 
time. 

Risk and Unce r tainty 

The principal focus of the manual is the historical 
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performance of highway safety projects and improve­
ments. Nevertheless, it is clear that evaluations 
of p:int. pfff\tts 111: .. Lclcv;int in~l"ltar a::i they o feet 
future decisions. To determine that some previously 
implemented project or improvement has been cost­
beneficial or cost-effective is <1 sterile exercise 
unless this i n formation can be used with respect to 
future decisions about similar or identical invest­
ments. To put this somewhat differently, a success­
ful past decision should be replicated in the 
future, assuming, of course, that the future will 
y 'eld the same consequences as those previously 
experienced. 

It ii;; this last assumption that is most trou­
bling . There is no assurance that future conse­
quences will in fact be repeated. The "reduction of 
an average of five i njury accidents per year over 
the past six years , for example, may not be repeated 
over the next six years (or even 20 years) because 
of a variety of factors: changes in traffic den­
sity, vehicle speeds, weather conditions, vehicle 
design characteristics, and so on. Forecasts of 
specific costs of operation and maintenance over a 
20-year planning horizon may or may not be reason­
ably accurate. The elements of the analysis~opera­
tional results and unit costs--are random vari­
ables. The user should be advised to recognize this 
inherent variability and deal with the issue formal­
ly in the analysis. Surpr!:o;ingly, with the singu lal 
exception of the use of sensitivity an;ilysis for the 
discount rate , this issue of risk and uncertainty is 
not addressed in the manual. (Note that this issue 
is separable fi::om the question of statist ical sig­
nificance of observed phenomena.) 

References 

Short lists of suggested readings are 
each section of the Procedural Guide . 

included in 
In the Eco-

nornic Analysis section , Function E, there is a list 
of eight references . There is also a 17-entry bib­
liography included among the appendices. 

Unfortunately , neither the suggested readings nor 
the bibliography contain annotated references, and 
thus the user has no guidance as to how they are to 
be used. The references are uneven in quality. 
They are addressed to quite different issues , even 
within the same list of suggested readings, and not 
all of the text of certain individual references is 
relevant . The user needs some help, and the manual 
provides none. 

It should also be noted that many of the refer­
ences in the suggested readings are incomplete. 
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Only the author , title, and date are given . In the 
absence of publi.11hPr information, innl 11ni nl) mililiuy 
address , he interested reader has no way of knowing 
how to obtain the reference. 
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Optimal Allocation of Funds for Highway Safety 
Improvement Projects 

KUMARES C. SINHA, TARO KAJI, AND C.C. LIU 

In the allocation of funds and tho scheduling of projects, al ternative improve· 
menu for all possible locations must be evaluated In a multiynar framework in 
ordor to optimize the offectivonoss of the entire highway safe ty improvement 
program within tho constraint of a glvon budget. A procedure i1 developed 
that can be used for optimal oll0<;atlon of fund ing available for highway safety 
improvemont projocU on a itatewide basis. In tho model, the reduatlon in tho 
total number of acc:ldcnu Is tho measur of effectlvonoss. The constraints in· 

cludo total ·fundl"ng available each year. Tho model formulation can considor 
carry-over of unspent funds. A stochastia version of the modal ls also discussed. 
A variety of other condltlons required by or auociated with the policies and 
objectives of the transportation agoncy can also be formulated as binding con­
strainu. The application of the modal is Illustrated. Through a series ot sensi­
tivity analyses the impac1 of the funding lev~1 on t~ e"ff!c!!~!!ne!! cf~ h;-po­
thetical highway safety program is evaluated. 
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Since the enactment of the Highway Safety Act of 
1966, a considerable amount of funding has been made 
available for highway safety improvement programs. 
However, in many cases the selection of safety 
improvement projects has not followed any systematic 
framework, as indicated by a recent report by the 
General Accounting Office (]J. Some states do not 
make any type of cost-effectiveness analysis of 
safety improvements, although it has been required 
by law for several years (£) • 

In general, the safety projects put into effect 
through the Highway Safety Act reduced accident 
rates significantly during the first few years after 
1967, even though the safety projects might not have 
always been selected on a cost-effectiveness basis. 
The condition of highway safety in those years was 
so acute that even an indiscriminate selection and 
implementation of safety projects could cause a 
safety improvement. But in recent years the 
ace ident rates have remained generally stable, and 
indiscriminate implementation of traffic safety 
projects can no longer be considered effective. 
After the initial improvement in safety has taken 
place, any further improvement will require a care­
ful and systematic approach to achieve cost-effec­
tiveness. This is particularly critical in view of 
the growing limitation in the funding levels avail­
able for such projects. 

BACKGROUND 

Various methods of evaluating highway safety im­
provement programs have been documented <ll. These 
methods are based on costs an.d/or benefits, Brown 
developed a procedure based on cost/benefit optimi­
zation (4). Hewever, the problem of establishing 
the level of benefits in terms of savings in traf­
fic-accident costs is difficult, and any procedure 
based on dollar values of accident costs can often 
be misleading. In this context a cost-effectiveness 
approach is more desirable. Leininger used a cost­
effectiveness approach to provide a method for 
optimal allocation of highway safety budgets for 
driver education, public safety, and highway expen­
ditures (_~). But his study dealt with the evalua­
tion of safety improvement projectsi it did not 
attempt to deal with where, when, and what kind of 
safety improvements should be installed. 

In the allocati on of funds and the scheduling of 
projects, alternative improvements for all possible 
locations must be evaluated in a multiyear framework 
in order to optimize the effectiveness of the entire 
highway safety improvement program within the con­
straint of a given budget. A procedure is developed 
that can be used for optimal allocation of funding 
available for highway safety improvement projects on 
a statewide basis. 

BASIC MODEL 

In the model, the reduction in the total number of 
accidents is the measure of effectiveness. The 
frequency of accidents is directly related to fa­
talities and lnJUries on a given highway system. 
Therefore, the reduction of the total number of 
accidents can be taken as the decision criterion. 
However, if it is desired, the reduction of fatal or 
injury accidents can also be considered as an appro­
priate decision criterion. The constraint of the 
model is the total funding available for safety 
improvement projects in a give·n year. Then the 
optimal allocation of funding can be obtained by 
solving the. following integer prog~amming problem: 

Maximize: 

(!) 

25 

Subject to: 

~ ~ CjXij.;; B 
I jeAi 

(2) 

. ~ ~i <; I for each i 
J<A1 

(3) 

where 

B 

total number of accidents for location 
i; 
reduction rate of safety improvement 
project j i 
cost of the safety improvement project 
j 1 
growth rate of traffic volume for lo­
cation i, gi = Qai/Qbi1 
annual traffic volume for location i 
after inspection of safety improvement 
and annual traffic volume before in­
stallation of safety improvementi 
total funding available for entire 
safety programi 
l if safety improvement project j is 
installed at location i, 0 otherwisei 
and 
safety improvement project j that is 
one of the set of alternatives for loca­
tion i (Ail. 

In Equation 1, the objective function--the total 
number of accidents reduced by the safety pro­
gram--is maximized. Equation 2 gives the constraint 
that the total cost of safety improvement projects 
to be implemented must not exceed the budget ceiling 
for the safety program. Equation 3 indicates that 
no more than one safety improvement project can be 
selected among alternative projects for each loca­
tion. 

MULTIYEAR MODEL 

A safety improvement program often uses long-term 
funding and scheduling. Optimal budget allocation 
for long-term programs should take multiyear pro­
gramming aspects into consideration. In this sec­
tion, two types of multiyear models are discussedi 
one considers no carry-over of unspent budget and 
the other assumes a carry-over of unspent budget to 
the following year. 

No Carry-Over of Unspent Budget 

The type of multiyear model in which there is no 
carry-over of unspent budget can be formulated as 
follows: 

Maximize: 

Subject to: 

E ~ [(X;jt - X;jt-t )c/ + XiitKi] .; B1 for all t 
i jeAi 

~ X;jt .;; 1 for all i and t 
jeAi 

Xiii ;;. Xijt-1 for all i, t, and jEA; 

where 

c·' J 
initial cost of safety improvement 
project; 

(4) 

(5) 

(6) 

(7) 
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annual maintenance cost of safety im­
provement project j; 
huflrret c4'!iling for tth yr.;:ir 1 
growth rate of traffic volume for lo­
cation i for tth year, git = Qit/ 

Oio• 
Qit•Qio = traffic volume for location i in tth 

year and in year preceding the safety, 
improvement program period; and 
1 if project j is installed at loca­
tion i in tth year, 0 otherwise. 

In Equation 4, the objective function--the reduc­
tion of the total number of acc idents--is maxi­
mized. In Equation 5 , which deals with the budget 
ceiling for each year , (Xijt - Xijt-1> equals 1 
if safety improvement j is installed for location i 
in the tth year and 0 otherwise. Equation 6 indi­
cates that no more than one alternative project can 
be implemented at any location in a given year , and 
Equation 7 states that if an improvement project has 
already been installed i n a prev"ous year , the 
maintenance task of that particular project will be 
performed in the c urrent year . Equations 6 and 7 
also imply that , at most , only one alternative 
project. is selected for each location during the 
whole a nalysis period. 

Carry-Over of Unspent Bud~ 

In the type of multiyear model in which there is 
cany-over of unspent budget, it has been assumed 
·that unspent budget can be used i n the following 
year . Therefore , the budget constraint is different 
from the model that h"" no carry-over flexibility . 
By adding the unspe nt amoun.t: from the (t-1) th year 
to the right-hand side of Equation 5, the following 
equation is obtained: 

t-1 
k k [(Xij1-Xiit-1)cj'+XijtKJ] .;Bt+ k jBi'-:E k 
i jEAi t 1 I jeAj 

(8) 

In Equation 8, the summation from the first year 
through the (t-l)th year is shown as follows: 

t-1 
E 
t I 

If we rearrange Equation 8, the following equation 
can be obtained: 

I l 

~ ~ ~ (Xijt' -XiJ1'_i)cj' + Xu1'Ki.; k B[ for all t 
i j t' . t' 

(9) 

Equation 9 is 
budget ceiling 
problem. 

then the new constraint concerning 
in solving the carry-over type of 

STOCHASTIC VERSION OF MODEL 

In the model formulation discussed so far, average 
values have been considered for the initial cost 
Cj', the annual maintenance cofft Kj, and the 
reduction rate rj of safety projects. However, 
these va lues may have a large variance in some 
cases. Consequently, models should incorporate the 
stochastic characteristics of these factors . 

The observed values of the costs and reduction 
rate will have intervals as follows: 

(10) 

(11) 

(12) 
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where Cjo• Kjo• rjo are the observed values of 
the initial cost, the annual maintenance cost, and 
Lia.! reduction cl!lte or ~at <= Ly !m[Jrovement project j 
and llcj, Clkj , Clrj are the percentage of 
estimation error of the initial cost, the annual 
maintenance cost , !!Ind the accid.,nl reduction rate ot 
safe.ty improvement project j. The values of 
ncj, Clkj-, and Clrj can be estimated from 
the sample variance values of initial cost, annual 
maintenance cost, and reduction rate, respectively. 

Another variance inherent in pol icymaking--the 
level of cost overrun allowable--is also brought 
into consideration in the stochastic model. This 
not only changes the right-hand sides of Equations 5 
and 9 but also imposes a new constraint on the 
objective function of the model in which there is no 
carry-over, which restricts the total cost of the 
safety program to be less than the available budget 
plus allowable cost overrun. 

By adding all these stochastic characteristics, 
the multiyear model for the case in which there is 
no carry-over would be as follows: 

Maximize: 

(13) 

Subject to: 

and Equations 6 and 7. 
In Equations 14 and 15, e is the percentage of 

the level of cost overrun allowable and all other 
terms are as defined before. 

For the carry-over case, the model would be 
composed of Equations 13, 6, 7, and the following: 

t 
k _ :E ~ (Xiit' - Xijt'-dcj(l + °'ci) + XiJt' (I+ °'ki).; 0 kBt' for all t 
I Jl!Ai t t' 

(16) 

In Equation 16, the summation from the first through 
the tth year is shown as follows: 

t 

l: 
t' 

It should be noted here that in the above formu­
lation, only the worse side of each cj , Kj, and 
r j variation is inco r porated into the mooel. This 
approximation is appropriate, since it is only the 
increasing c ost or decreasing accident reduction 
rate that is of concern to the transportation 
agency. The results so obtained should be conserva­
tive and reasonable. 

A variety of other conditions required by or 
associatP.d wi t-.h the policies and objcct.ives of the 
transportation agency can also be easily formulated 
as binding constraints and incorporated into the 
model. For example, suppose that it is required by 
policy that a predetermined percentage of accident 
reduction be achieved at each hazardous location at 
the end of the safety program. Then the following 
constraints could be used: 

. k k Xijt rj(l - O<rj)g;t Ni ;> ~ k N; git for all i 
JE"Ai t 1 

(17) 

where B is the required percentage of accident 
reduction, 
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SAMPLE THREE-YEAR SAFETY PROGRAM 

To illustrate the application of the multiyear model 
formulations, the following problem is considered. 
It is assumed that the study area has seven haz­
ardous locations and that alternative improvement 

Table 1. Accident experience of hazardous locations in sample study area and 
alternative improvement projects . 

Location 
No. of Accidents 
per Year 

Alternative Improvement 
Project 

J 
2 
3 
4 
5 
6 
7 
Total 

23 
15 
10 
8 

JO 
13 
9 

88 

A,B,C 
B,C,E 
D,E 
D,F 
B,C 
B,D,F 
A, C 

Note: A= rumble strips; B = Oashlns beaco ": •- ;signal instalJed; 
D = Ull1m\nation; E = l.lan JJOd flashlH IJ; bcocon; and F =signal 
modernization and channelization. 

Table 2. Reduction rates, initial costs, annual 
maintenance costs, and stochastic characteristics 
for alternative projects. Project 

A 
B 
c 
D 
E 
F 

Reduction 
Rate(%) 

10 
20 
35 
40 
45 
50 

Table 3. Optimal solutions of multiyear model 
with and without carry-over. Case Without Carry-Over 

Location Project 

Stochastic Model 

J c 
2 E 
3 E 
4 D 
5 B 
6 D 
7 c 

Nonstochastic Model 

1 c 
2 E 
3 E 
4 F 
5 D 
6 F 
7 c 
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projects for these locations have been selected 
(Table l) . The reduction rates, initial costs, 
annual maintena nce costs, and their stochastic 
characteristics (percentage of error) as used in 
this study are shown in Table 2. It is further 
assumed that the highway safety division of the area 
has a three-year safety program the total budget 
ceiling B of which is $135 000 (B1 = $35 000, 
B2 = $45 000 , B3 = $55 000). It can be assumed 
that the traffic growth rate is 5 percent per year 
throughout the area. The problem is to determine 
the optimal budget allocation for safety improvement 
projects. 

A computer code, MIPZl, developed by the Depart­
ment of Agricultural Economics of Purdue University, 
was used to solve this sample problem <i>· MIPZl is 
a zero-one mixed-integer programming package capable 
of solving problems that have up to 150 rows and 450 
columns. The algorithm employed by MIPZl is basi­
cally a modified additive algorithm of Balas that 
has major modifications, including a recorded enu­
meration tree and mixed-integer capabilities. 

By assuming that e = 110 percent , the sample 
problem was formulated as a pure-integer programming 

Annual 
Error ar Initial Cost Error O'.c Maintenance Error °'k 
(%) ($000s) (%) Cost ($000s) (%) 

±10 7 ±10 0.2 ±5 
±15 9 ±10 0.3 ±JO 
±JO 17 ±JO 0.6 ±5 
±JO 15 ±10 0.5 ±10 
±JS J2 ±JS 0.4 ±5 
±JS 20 ±J5 0.7 ±10 

Case With Carry-Over 

Year Location Project Year 

First, second, third I c First, second, third 
First, second, third 2 E First, second, third 
Second, third 3 E Second, third 
Second, third 4 F Third 
Third 5 c Second, third 
Second, third 6 D Second, third 
Third 7 c Third 

First, second, third I c First, second, third 
First, second, third 2 E First, second, third 
Second, third 3 E Second, third 
Third 4 D Second, third 
Second, third 5 c Third 
Second, third 6 F Second, third 
Third 7 c Third 

Note: 81 = $35 000; 82 = $45 000; 83 = $55 000; 8 = 1.10. 

Table 4. Results of optimal solutions of multi­
year model. 

Item 

No. of accidents expected 
to be reduced 

Cost of safety improvement 
projects($} 

First year 
Second year 
Third year 
Total 

Cost-effectiveness ratio 
($/accident) 

Without Carry-Over 

Stochastic 

75.3 

33 550 
49 370 
41 230 

124 150 

I 650 

Nonstochastic 

86.3 

30 000 
43 400 
40 700 

114 100 

I 320 

With Carry-Over 

Stochastic Nonstochastic 

76.2 88.4 

33 550 30 000 
SJ 650 49 600 
45 750 37 800 

TI0950 J 17 400 

J 720 J 330 
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Table 5. Optimal solutions of stochastic model 
under five budget scenarios for three cost- No. of Accidents Expected to Total Cost of Safety Program Cost-Effectiveness Ratio 

overrun (0) levels. Be Reduced 
findg~.t 

Scenario Without 
($000s) Carry-Over 

6 = 1.05 

75 44.8 
105 58.7 
135 73.l 
165 78.8 
195 85.2 

6=1.10 

75 45.0 
105 60.6 
135 75.3 
165 82.6 
195 86.8 

6 = 1.15 

75 46.8 
105 64.6 
135 76.2 
165 84.7 
195 89.6 

Figure 1. Number of accidents reduced and total funds available (8 = 1.05). 

,, . 

9 

80 

g 0 ,, 
~ A 
~ 70 
c • 
~ 
u 
u 
< 

so 
0 Carryover 

0 
6 

b. Non-Carryover 

0 
A 

7S,000 lOS,000 13S,OOO 16S,OOO 19S,OOO 

Total Funds Available ($) 

problem that had 51 variables and 59 constraints (58 
constraints for the carry-over model). The optimal 
solutions obtained by MIPZl indicate the year in 
which a particular alternative project is to be 
inct~lled at each location to achieve ma ximum reduc­
tion of total accidents during the three-year analy­
sis period subject to the total budget constraint. 
These solutions are shown i n Table 3. The results 
of these solutions are shown next in Table 4. 

In order to further investigate the effects of 
different amounts of budget availability on total 
number of accidents reduced, more runs were made by 
using the stochastic mode l. The following five 
budget scenarios were considered: 

B1 
($000s) 
15 

B2 
($000s) 
25 

B3 
($000s) 
35 

Total 
($000sl 
75 

(SOOOs) ($/accident) 

With Without With Without With 
Carry-Over Carry-Over Carry-Over Carry-Over Carry-Over 

46.6 69.12 77.24 1540 1660 
59.4 103.65 104.33 1770 1760 
75.3 133.58 124.15 1830 1650 
78.8 125.12 124.78 1590 1580 
86.8 135.53 125.96 1590 1450 

47.8 66.29 81.13 1470 1700 
62.2 109.41 111.55 1810 1790 
76.2 124.15 130.95 1650 1720 
84.7 129.68 132.14 1570 1560 
89.6 142.39 133.12 1640 1490 

49.8 74.41 84.76 1590 1700 
66.9 113.14 118.69 1750 1770 
77.5 130.95 131.17 1720 1690 
84.7 132.14 132.22 1560 1560 
90.8 133.37 140.06 1490 1540 

figure 2. System cost-flffActiveness ratio and total funds ovoilable (9 • 1.0!i). 

1.9 

A 

u l. 8 0 Carryover 
c • 4 Non-Carryover 0,, ...... 

"u • u "' . 
"'~ l. 7 
"' . • 0. 
c 0 ""' . ~ 0 ... 
u..; 
u..; 
"0 l. b ~,, 

~] 
u • 

"'"' If. 
0 ~ 
u 0 

.c LS t:, 

0 

1.4 
7S' 000 lOS,000 13S ,000 16S ,OOO 19S ,000 

Total Funds Available ($) 

B2 83 B1 
($0008) 
25 

($000s) !$000s) 
Total 
($000s) 
105 35 45 

35 45 55 135 
45 55 65 165 
55 65 75 195 

Both the carry-over model and the model without 
carry-over were tested against these five budget 
ceilings under a set of cost-overrun (el levels, 
namely, 1.05 , 1.10, and 1.15. The results are 
presented in Table 5. For each combination of 
budget and model type (with carry-over or without 
carry-ove r), the total number of accidents expected 
to be reduced, the total cost of the safety program, 
and the corresponding cost-effectiveness ratio are 
tabulated. The results are also plotted for direct 
comparison in Figures 1 through 6. 

Based on the results above, the following obser­
vations can be made: 

1. Budget carry-over flexibility invariably 
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Figure 3. Number of accidents reduced and total funds available (0 = 1.10 I. 
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Figure 4. System cost-effectiveness ratio and total funds available (IJ = 1.10). 
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increases the total number of accidents that can be 
reduced under a given budget ceiling (except in two 
cases in which the number of accidents reduced was 
equal for both models). However, this flexibility 
does not necessarily result in a lower cost-effec­
tiveness ratio. 

2. Although cost overrun was allowable in all 
runs (0 = 1.05-1.15), there was no cost overrun 
for the three higher budget scenarios and the total 
cost of the safety program was less than the total 
budget available. 

3. For a given budget ceiling, a higher a-value 
increases the total number of accidents reduced but 
does not necessarily lead to a lower cost-effective­
ness ratio. 

4. As the 
increments), 
increases at 

budget ceiling increases (in $30 000 
the total cost of the safety program 

a decreasing rate. The total cost 
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Figure 5. Number of accidents reduced and total funds available (IJ = 1.151. 
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Figure 6. System cost-effectiveness ratio and total funds available (0 = 1.151. 
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appears to be stable between budget scenarios for 
$135 000 and $165 000. 

5. For each cost-overrun level studied, the 
highest cost-eff ective ness ratio wa s assoc iated with 
budget scenario B = $10 5 000 (except ratio without 
carry-over at a = l. 05). From tha t po int , the 
cost-effecti ve ne ss r atio actual ly drops as the 
budget ceiling increases . This suggests that the 
budget scenarios studied in this sample problem are 
probably within the economy of scale. 

CONCLUSIONS 

Since the accident rates have not shown any signifi­
cant reduction in recent years and the available 
funding for highway safety improvement projects is 
becoming limited, it is essential that a systematic 
approac h be taken to de termine what projects should 
be s e lected. In this pape r, an optimization ap-
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proach was suggested to deal with the problem of 
selecting and programming d i fferent saf ety improve­
ment projects. The model formulation included a 
l.Jaulu model "nil a mu.lLlyl:!c11 rnudel with and w1t.hout 
the flexibility of incorporating carry-over of 
funds. Finally, a stochastic version of the models 
was foi:mulated Lo include the uncertainty in esti­
mating cost and acc ident-reduction parameters. ThP 
objective function o f the models considered the 
reduction in the total number of accidents, and the 
major constraint considered was the funding level . 

A hypothetical example was provided to illustrate 
the use of the models. Through a series of sen­
sitivity analyses, the eJ:fect of funding level on 
the effectiveness of a highway safety program can be 
determined. The model can also be extended to 
evaluate the effect of constraints associated with 
categorical fu nd ing of various safety programs. 

The stochastic version of the multiyear model can 
be successfully used to dete r mine what , when, and 
where safety improvement alternatives should be 
implemented in order to maximize the reduction of 
total accidents on an areawide basis, subject to the 
total funding constraint. 
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Driver Compliance with Stop-Sign Control 

at Low-Volume Intersections 

JOHN M. MOUNCE 

The objective of tho research was to determine whoilier stop-sign control under 
designated conditions was fulfilling the roquirements for appllcation m specified 
by the Mnnual of U11iform Traffic Control Devices. This was to be demon· 
strated by the percenrage of observed motorist violations and complience, as· 
suming that these measures reflect confirmation of need and rospcct afforded 
by the public. Tho dependent variables of violation and compliance rate, con· 
flicts, and accidents were compared in a factorial experimental design with lhe 
independent variables of major-roadway volume, minor·roadway sight dluance .• 
rural or urban traffic conditio11, aml type of Intersection geometry_ Minor· 
roodwny volume, signing conuol, roadway cross section, geography, and 
weather wore ell controlled vorlobles. The results from 2B30 observations at 
66 intersections Indicated that the violation rate decreases with increasing 
majoMoadway volume and is significantly high (p < 0.001) up to the avaragc· 
dally-traffic IADTl level of 2000 and significantly low (p < 0.0011 nbovo the 
AOT level of 5000.6000. An Interaction effect between major-roadway vol· 
umo and minor-roadway sight distance results in a violation rot11 that is signifi· 
cantly higher (p < 0.05) whon sight Is unremicted than it is when sight is re­
stricted. No conclusive relationships could bo established between violations 
at low-volume intersections either In the rural·urban traffic environment or in 
tho inter!lnttion geometry type ihat had three to four le!JJ. No correlaliun wus 
established between violation rate and accidents across all study variables; how· 
ever, conflict rate was reduced at tho upper and lower major-roadway volumo 
levels. It was concluded thot tho operational effectiveness of low-volume Inter· 
sections could be enhanced with no observed solely dotriment by the applica­
tion o1 no sign control below major-roadway volume of 2000 ADT, yield·sign 
control ot major·roadway volume between 2000 and 5000 AOT, and, depend · 
ing on minor·roadwny volume, s1op-sigo control or slgnnliiatlon ahovo 5000 
ADT. These recommendation• should be modified based on adequate sight 
distance; yet tho dntennination procoduro used in this study soomed lnsuffi· 
~iont and requires further ravlsion. 

The options available for at-grade intersection con­
trol range from the r i ght-of-way rule for extremely 

low volume" of traffic to computerized signals for 
extremely high volumes of traffic. The majority of 
intersections that fall between these extremes uses 
stop-sign control on the minor roadway. Low-volume 
intersections at which there is up to 500 average 
daily traffic (ADT) on at least one intersecting 
roadway account for literally millions of stop-con­
trolled locations (1). Most of these stop signs at 
low-volume intersections may be unnecessary and un­
warranted, however. 

In its. general provisions, the Manual of Uniform 
Traffic Control Devices (MUTCD) states that to be 
effective a traffic control device should meet five 
basic requirements (~) : 

1. Fulfill a need, 
2. Command attention, 
3. Convey a clear simple meaning, 
4. Command respect of road users, and 
s. Give adequate time for proper response. 

The excessive use of stop control suggests a failure 
to fulfill a real need, and consequently the con­
trol's ability to command the respect of the road 
user is severely impai red. Such impairment is par­
ticularly noticeable where the stop sign has, in ef­
fect, become meaningless. Full voluntary compliance 
at stop signs has steadily declined and is practiced 
now by less than 20 percent of road users (}). This 
low compliance rate indicates a misapplication of 
traffic e ngineering principles. 
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Yet the stop sign is still perceived by traffic 
engineers and the public as desirable. Although 
both groups believe that everyone is safer if a stop 
is required on one of the roadways, few studies sup­
port this position, especially at low-volume inter­
sections (j_,2_). In addition, the eng i nee r favors 
the use of stop signs because they are perceived to 
be the ultimate safety measure, and this relieves 
engineer and employer from liability arising from 
accidents in which other types of controls are used 
(yield signs, crossroad warning signs, etc.). 

In reality, however, the engineer need not take 
such unnecessary precautions. According to the Uni­
form Vehicle Code, all drivers on minor roads have 
similar responsibilities regardless of the sign 
type--to not enter the intersection when a major­
road vehicle is close enough so that such entry 
would constitute an immediate hazard. To suggest 
that a stop sign better defines the driver's re­
sponsibility is incorrect. The difference is more 
logically a function of the available sight distance 
commensurate with a safe approach speed. But the 
stop sign seems easier to use, although it is not 
necessarily more efficient nor is it always demon­
strably more effective. Since it is a familiar de­
vice, it can be employed without much engineering 
and offers a sense of legal security to the engi­
neer. Many agencies avoid the engineering-judgment 
issue by applying stop signs indiscriminately. 

As a consequence, the driver has been led to 
think of stop control as the rule rather than the 
exception. The driver often finds stop signs where 
the potential conflict is known to be minimal or 
where it can easily be seen that there is no impend­
ing conflict due to exposure to major-roadway traf­
fic. As a result, the driver develops a negative 
expectancy and beg ins to treat stop signs at low­
volume intersections as yield signs, a reaction 
aptly shown by stop-control violation rates. The 
driver does not know immediately where a full stop 
is important; even worse, if there is not some type 
of control on the approach, the minor-roadway driver 
may assume that the other driver is controlled and 
no longer apply the right-of-way rule. 

The overuse or unwarranted application of stop­
sign control may be conducive to a complacent atti­
tude toward traffic control in general. This com­
placency may manifest itself in increased accident 
frequencies that could be alleviated by more judi­
cious installation of stop control and/or increased 
use of yield signs at intersections. The criteria 
for such installations would involve the identif ica­
t ion of specific volume levels and sight-distance 
conditions under which drivers both need and would 
respect stop-sign control. In this way, only quali­
fied intersections would receive stop controls, 
wliich would more closely conform to the intent of 
the MUTCD guidelines. 

STUDY OBJECTIVES 

The objectives of this study were to assess the ef­
fects of major-roadway volume and minor-roadway 
sight distance on driver compliance with stop signs 
at low-volume intersections. Driver compliance, 
which demonstrates obedience and respect, was as­
sumed to be an indicative operational criterion mea­
sure of driver confirmation of the need for stop 
control at the intersection. This need would be de­
pendent on exposure to major-roadway traffic or 
denial of sufficient sight distance. The hypotheses 
to be evaluated were that violations to stop-sign 
control on the minor approach increase as major-ap­
proach volume decreases and that violations across 
major-volume levels decrease with restricted sight 
distance on the minor approach. If there is a sig-
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nificant change in compliance below a designated 
volume level under conditions of unrestricted sight 
distance, then it may be demonstrated to be more 
practical to use some other form of intersection 
control on the minor approach to reduce needless 
stops that increase travel time, waste energy, and 
increase exhaust emissions. The substitution can be 
employed where there is no significant change in ac­
cident experience across the designated volume 
levels and where there are no sight-distance re­
strictions. 

EXPERIMENTAL DESIGN 

In accordance with the previously stated objectives, 
a quasi-experimental design was formulated to ad­
dress the study variables shown in Table 1. The de­
sign is a 6 x 2 x 2 x 2 factorial that has the 
dependent variables of compliance rate and accident 
rate measured across the independent variables of 
six major-roadway volumes, two types of minor-road­
way sight distance, two tra f fic conditions, and two 
types of intersection geometry. Spec i fi ed var i ables 
such as minor-roadway volume, traffic-control regu­
lation, and cross section were also controlled in 
the design. A minimum of five intersections was 
evaluated per level; however, the levels were not 
strictly balanced due to limited available data. 
Each variable is discussed in detail in the follow­
ing paragraphs. 

Independent Variables 

Major-approach volume served as an independent vari­
able; a range between 0 and 6000 combined two-way 
ADT {total of both approaches) was used. The upper 
volume limit constraint reflected the recommended 
minimum vehicular volume for consideration of signal 
installation due to intersecting traffic (2). 

The 0-6000 range was broken down into 1000-ADT 
segments in order to provide an ordinal variable 
against which changes in the dependent variable 
could be measured. A minimum of 10 intersections 
was selected in each of the six groups of major-ap­
proach volume and then balanced as reasonably as 
possible between the rural and urban traffic condi­
tions. 

Traffic condition served as an independent vari­
able to assess the nature of the differences in 
operating characteristics of drivers in urban and 
rural environments. For the urban condition, the 
contiguous cities of Bryan and College Station, 
Texas, were selected; they represent a combined 
population of 100 ODO. Those intersections within 
the metropolitan city limits were designated as ur­
ban intersections. Rural intersections were 
selected from a 10-county region of south central 
Texas under the jurisdictions of Districts 9, 12, 
and 17 of the Texas State Department of Highways and 
Public Transportation. These intersections were 
specifically restricted to locations outside city 
limits. Current published volume-count maps were 
used to locate candidate intersections that met both 
the volume and traffic-condition constraints. 

The third independent variable was minor-approach 
sight distance along the major approach such that 
the sight triangle formed would allow the minor-ap­
proach vehicle to make a speed adjustment or come to 
a safe stop prior to the l i mits of the intersection 
and prevent an encroachment and/or conf lict. This 
triangle is based on the operational sp_eed of each 
approach and assumes a 3.0-s perception-reaction 
time by the driver. Ratios were calculated as pre­
viously outlined and based on the standards for 
intersection sight distance set forth by the Ameri­
can Association of State Highway and Transportation 
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Table 1. Experimental design. 
Variable 

Tnrlr.pr.nrknt 
Major-roadway volume 

(ADT) 

Trafhc condition 

Minor-roadway sight 
distance 

Intersection geometry 

Level 

(}.1000 
1001-2000 
2001-3000 
Urban 
Rural 
Restricted 
Unrestricted 
Four approaches (cross) 
Three approaches (T) 
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Dependent 
Compliance rate Full compli..ince (CBJllivc (forced or non capt ive (voluntary)] 

Partial violation I pause or < 8 km/ h (roll) I 

Accident rate 
Full violation ( >8 kni/h (nin) or u1u3fc speed (flagr311 l)] 
Proper ly d1UU01ie 
Injury 
Fatal 
(}.500 ADT Minor-roadway 

volume8 

Traffic.-control regu­
lnt ion• 

Stop-sign control on minor roadway (MUTCD standard) 

Roadway cross section• Two-lane undivided minor approach 
Two- or four-lane undivided major approach (no channel-

Geography, climate• 

Note: I km/h= 0.6 mph. 

ization) 
South central Texas 
September-November 
Fair weather 

3 Controlled variable (held constant throughout study). 

Officials (AASHTO) (~,ll. Available sight distance 
was compared with required sight distance to deter­
mine whether it was restricted or unrestricted. 

Speeds were sampled by using radar and were mea­
sured at the maximum range of detection (due to 
equipment l i mitations, appi:oximately 0·.40 km (0.25 
mile) I. These speeds were taken from inconspicuous 
positions adjacent to the i ntersections. Generally 
speaking, the radar-equipped vehicle was totally 
hidden from view when the approaching vehicle was at 
the maximum sight distance. 

The sight distance along ei'lch minor approach to 
the stop sign was also measured as well as the 
stopping distance to the intersection surface. The 
measurements were recorded as a check to ensure that 
the visibility both to the traffic control device 
and to the intersection were adequate, so that vio­
lations were not due to detection or recognition 
problems. To some extent, this measurement acted as 
a control to the approach alignment, the placement 
of the traffic control device, and the maintenance 
of both the stop sign and the area adjacent to the 
slop slyn. 

The fourth independent variable was the geometry 
of the intersection. Both four-leg and three-leg 
intersections were studied, and turning movements 
were recorded on each. Obviously, movement and vio­
lation patterns are more limited at the three-leg 
intersection than at the four-le9 intersection. The 
geometry was therefore evaluated in terms of its ef­
fect on compliance, conflicts, and/or accidents. No 
skew or nonstandard configurations were selected. 

Dependent Variables 

The dependent study variables included compliance 
rate and accident rate at each individual intersec­
tion. The compliance rate was assessed under three 
major categories: full compliance, partial viola­
tion, and full violation. Full compliance was de­
fined for this study as the full observance of the 
legal requirement. Technically, this constitutes a 
visible state of deceleration to zero and accelera-
tion by the vehicle. 
categorized as being 
presence of vehicles 

Full compliance was 
captive (forced) due 

on the major approach 

further 
to the 
of the 

intersection or noncaptive (voluntary) due to the 
absence of vehicles on the major approach and any 
safety or operational reason for the vehicle to 
stop. Physically forced compliance occurred within 
2 s of the apex of the intersection along either ap­
proach at normal operating speed. 

A partial violation was measured as either a near 
stop (pause) at some speed greater than 0 km/h (0 
mph) or a moving stop (roll) at a speed between 0 
and 8 km/h (5 mph). A full violation was defined as 
operational behavior that would warrant citation 
under the majority of municipal and state laws in 
the United States (B). Full violations were further 
divided into two categories: (a) vehicles that ex­
hibited a speed gr:eater than B km/h past the stop 
sign and (bl vehicles that exhibited speeds higher 
than previously speoi fied and j udged unsafe and in 
disregard of both the traffic control device and the 
right-of-way. 

Conflicts were also measured with i n each compli­
ance and violation category. A confl~ct occurs when 
a minor-approach vehicle oau$es a major-approach 
vehicle to noticeably decelerate or perform an 
avoidance maneuver. Nonconflicts represent no im­
pediment to major-approach traffic. 

Compliance differences were measured in the field 
after an appropriate period of observer training to 
ensure both consistency and reliability in categori­
zation. Compliance and violation rates were deter­
mined for both of the minor approaches at four-leg 
intersections and for the single minor approach at 
three-leg intersections. 

The accident rate was determined based on a 
three-year history (1976-197B) • A mean annual rate 
was calculated from these data for property-damage, 
injury, and fatal accidents. Accident-report 
records were obtained from municipal police and 
county sheriffs' departments. The major approaches 
were restricted to two- or four-lane undivided road­
ways that had variable types of surface, cross­
slope, shoulder, and ditch design. Geographical and 
climatic conditions were controlled as closely as 
possible. Data were collected at each study inter­
section for a minimum of 2 h during off-peak time 
periods of 9:30-11:30 a.m. or 1:30-3:30 p.m. on mid­
week days (Tuesday-Thursday) • 
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All data were taken in south central Texas where 
the terrain was either level or gently rolling pas­
ture and woodland. Data collection occurred during 
September, October, and November 1979 in fair 
weather. No measurements were recorded in rain, 
fog, or ice since these conditions might affect 
pavement friction or visibility. 

DATA ANALYSIS 

Parametric statistical methods were employed in 
analyzing the research data. These methods required 
that the scale of measurement be continuous and 
either a ratio or an interval. Violation rate, cal­
culated as violations per observed volume, was taken 
as the comparative measure between variable config­
urations, and the data were assumed to be continuous 
by scale . The assumption that t he data were normal­
ly distributed and homogeneous in variance was 
tested by using the Kolmogorov Srnirnov test 
(p > 0.05) for normality and the F-ratio test 
(p > 0.05) for homogeneity . 

Several types of statistical procedures were used 
in the analysis of the research data. These are 
listed as follows and are discussed relative to the 
results of the study: 

1. Analysis of variance (ANOVA) for significance 
of both independent variables in isolation and 
interactive effects, 

2. Duncan multiple-range test for 
between treatment levels of designated 
variables, 

3. Linear regression, and 
4. Correlation coefficients. 

RESULTS 

significance 
independent 

Examination of the ANOVA results indicates that both 
minor-approach sight distance (p < 0.05) and 
major-approach volume (p < 0.001) have a highly 
significant influence on total violation rate, which 
is the sum of partial and full violations. It can 
also be seen that the interactive effect of volume 
and sight distance are significant (p < 0.05). 
The multiple correlation coefficient of determina­
tion R2 for the model that used total violation 
rate as the dependent variable is very high 
(0.B023), which means that at least some of these 
variables account for a large portion of the varia­
tion in the dependent variable. Table 2 presents a 

Table 2. ANOV A summary of variable relationships. 

Dependent Variable 

Compliance Rate 
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summary of the ANOVA results and levels of signifi­
cance associated with the individual variables. 

Only major-approach volume was found to be sig­
nificant in the ANOVA model that used full violation 
rate as the dependent variable. This effect is ex­
hibited by the F-ratio and corresponding signifi­
cance levels (p < 0.05). Although the R2 -value 
for the model that used full violation rate is ac­
ceptable (0.621B), it indicates a weaker multiple 
correlation than that for the model that used total 
violation rate; indeed, too weak for use as a pre­
dictive model. An interactive effect between ge­
ometry and volume was also exhibited for the model 
that used the dependent variable full violation rate 
(p < 0.05). The model ANOVA that used forced com­
pliance rate as the dependent variable shows the ef­
fect of major-approach volume to be highly signifi­
cant (p < 0.001); sight distance also approached 
significance. Intersection geometry is also seen to 
be significant (p < 0.05), and the R2 -value is 
very high for that model (0.B23B). 

Intersection geometry and sight distance were 
also highly significant (p < 0.01) when measured 
by voluntary compliance rate; however, major-roadway 
volume was not found to be significant in the ANOVA 
model. Partial violation rate ~as not significantly 
related to any independent variable. This violation 
category is the most subjective of any, and the in­
dicated effects may be confounded by other extrane­
ous factors. 

The ANOVA for the conflict-rate model indicates 
that geometry was significant (p < 0.05). Sight 
distance did not display a significant relationship 
in that model. The multiple correlation coefficient 
is acceptable (0.6731) but weak. No significant re­
lationships were established by the full-model ANOVA 
that used total annual accident rate as the depen­
dent variable across all independent variables be­
cause the multiple correlation coefficient was unac­
ceptably low (0.3735). 

The variable relationships were further analyzed 
by using the Duncan multiple-range test to determine 
the treatment ranges between which a designated sig­
nificant (p < 0.05) difference in means existed. 
For the dependent variable total violation rate and 
the independent variable major-approach volume, 
these significant differences occurred between the 
volume ranges 0-2000, 2000-5000, and 5000-6000 ADT 
(Figure 1). 

By using full violation and forced compliance 
rates as dependent variables, significant differ-

Total Annual 
Forced Voluntary Partial Viol~tion Full Violation Total Violation Conflict Rate Accident Rate 

Independent Variable (R2 = 0.8238) (R2 = 0.6720) (R 2 = 0.4927) (R2 = 0.62 18) (R2 = 0.8023) (R2 = 0.6731) (R2 = 0.3735) 

Condition 0.2444 0.2041 0.1546 0.1781 0.8085 0.4926 0.8421 
Geometry 0.01268 0.00828 0.5986 0.8476 0.3656 0.0049b 0.8587 
Sight distance 0.5509 o.005ob 0.1087 0.9587 o.0199b 0.8242 0.6757 
Volume 0.0001 c 0.2260 0.3560 0.0183 8 0.000lc 0.0636 0.8170 
Condition/geometry 0.3880 0.4381 0.7489 0.9720 0.6198 0.0872 0.2381 
Condition/sight distance 0.5108 0.3436 0.5156 0.4545 0.9605 0.3082 0.9965 
Condition/volume 0.6162 0.4426 0.8801 0.8659 0.6339 0.7270 0.6770 
Geometry/sight distance 0.3362 0.9498 0.8858 0.3990 0.2501 0.8 181 0.7505 
Geometry/volume 0.1984 0.2839 0.5066 0.04488 0.1728 0.2235 0.5071 
Sight distance/volume 0.2501 0.2 121 0.8108 0.5615 0.01268 0.5232 0.5071 
Condition/geometry/sight distance 0.6338 0.4459 0.5298 0.5941 0.9053 0.8658 0.8836 
Condition/geometry/volume 0.8071 0.5928 0.9878 0.7348 0.8387 0.0915 0.9912 
Condition/sight distance/volume 0.6755 0.6600 0.5291 0.9568 0.5506 0.9743 0. 7893 
Geometry/sight distance/volume 0.5104 0.5757 0.3655 0.4266 0.6999 0.1834 0.8550 
Condition/geometry/sight distance/ 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
volume 

8p > 0.05. bp >0.01. c 
p > 0.001 . 
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Figure 1. Mean total violation rate versus major-roadway volume. 1-00 
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ences in treatment means occur between 0-2000 ADT 
and S000-6000 ADT. There are no signiticant differ­
ences between the volume-level means from 2000 to 
5000 ADT. These designated volume breakpoints show 
no significance when partial violation and voluntary 
compliance rates are taken as dependent variables. 
The pattern of significant differences in trP.;it.m.;>nt 
means hy volume level is vastly altered in the con­
flict-rate model. No significance was established 
between total accident rate and major-roadway vol­
ume. Sight distance and major-roadway volume were 
found to interact significantly as measured against 
the dependent variable of total violation rate 
(Figure 2) • Conflict rate and forced compliance 
rate both displayed a significant interactive rela­
tionship with type of intersection geometry and ma­
jor-roadway volume. 

A linear regression was performed based on total 
violation, £ull violation, forced compliance , and 
partial violation, all of which hold significant re­
lationships as specified by the ANOVA. These were 
taken as the dependent variables with regression 
about the independent variable of major-approach 
volume. A linear regression with respect to con­
flict rate w;:i c not undertaken since cursory review 
indicated no linear .relationship. The following 
equation clearly indicates that major-roadway volume 
is the best pred i ctor of total violation: tot-al 
violation rate= 0.794 889 - 0.000 063 (ma jo r-road­
way volume). The correlation coefficient for this 
regression is approximately O. 70 and significant to 
the 0 . 01 level. A graphical comparison of the ob­
served data and predicted regression line is shown 
in Figure 3. 

SUMMARY 

In summary, it may be stated that major-roadway vol­
ume and minor-roadway sight distance affect the vio­
lation rate of stop-sign control. Major-roadway 
volume and tota.l violatio.n rate hold a strong nega­
tive relationship: As volume increases, the total 
violations decrease. Full violations were also 
found to be significantly related to ma j or-roadway 
volume and follow the same trend as total viola­
tions. However, there is a mean difference in 
driver behavioral response of approximately 40-50 
percent between full and total violation rates. 

The significant breakpoints along major-approach 

0 
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1000 2000 3000 4000 5000 6000 

Major Roadway Volume (Vehicles/Day) 

volume seem to occur around 2000 and soon AD'l', and 
total violation rate stabilizes in the lower volume 
range at approximately 75 percent and drops below 50 
percent in the higher volume range. One explanation 
for this is that approximately 25 percent of drivers 
that traverse low-volume intersections that have ma­
jor-roadway volume lcoo th;:in 2000 ADT perceive the 
need for stop-sign control. Stated differently, 
only 25 percent of drivers accept stop signs at face 
value. Conversely, at low-volume intersections that 
have major-roadway volume that exceeds 5000 ADT, 
confirmation of this need for intersection control 
seems readily apparent due to major-roadway traffic 
exposure as exhibited by the decrease in total vio­
lations. 

The influence of major-roadway volume on conflict 
rate shows that less than 2 percent of the vehicles 
on mi n()r roads create conflicts with a major-road 
vehicle at both the low-volume (0-2000 ADT) and 
high-volume (5000-6000 ADT) ranges. Yet conflicts 
i nc rease in the mid-ranges and peak at almost 7 per­
cent with the 3000- to 4000-ADT level . An e xplana­
tion for this may be that at the lower major-roadway 
volumes, the probability of conflict is extremely 
l ow, even with 100 percent violat ion. This explana­
tion is consistent with a previous theoretical study 
i:-eported by Stockton <1l. As major-roadway volume 
and the probability of confl.ict increase, however, 
drivers are still unable to perceive the potential 
for conflict and continue to make violations , be­
havior that is reinforced at no risk under lower­
volume intersection conditions. Thus, conflicts 
increase until a higher major-roadway volume level 
(3000-4000 ADT) forces the driver to perceive the 
greater risk oI conflict, thus producing a decline 
in total violations and a subsequent reversal in the 
pattern of conflict rate. 

There is also the possibility that driver expec­
tancy may be an influencing factor in this pattern 
of data. Drivers on the minor road are generally 
famil iar with the major road and judge its potential 
conflict on the basis of previous experience, Be­
tween 2000 and 5000 ADT on the major roadway, there 
seems to exist a situation of indecision and risk 
behavior by the driver on the minor raodway. The 
driver's expectancy of the probability of conflict 
that was learned at low-volume intersections at 
which there was 0-2000 ADT on the major roadway is 
not necessarily confirmed. At some point within the 
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Figure 2. Mean total violation ratameasured 
against sight dirunce and major-roadway volume. 
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Figure 3. Linear regression: total violation rate versus major-roadway volume. 
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range 3000-4000 ADT, the driver apparently begins to 
form a new expectancy due to increasing exposure to 
major-roadway traffic, and a new behavior pattern 
results, which causes a reduction in conflicts. As 
this expectancy of encountering traffic on the major 
roadwa_y is fulfilled , compliance increases , viola­
tions decrease, and the preservation of inappropri­
ate action for intersection conditions is reduced. 

Minor-roadway sight distance was found to affect 
the total violation rate significantly and, con­
versely, the total compliance rate. Total viola­
tions were higher at low- volume intersections at 
which there was unrestricted sight distance and 
lower at locations at which there was restricted 
sight d i stance. It must be kept in mind that the 
classification of sight restriction was based on the 

calculation of a composite ratio between available 
and required intersection sight distance for all 
sight-triangle quadrants. This technique is ques­
tionable and possibly creates bias because an inter­
section is rated by sight distance as a whole entity 
rather than by individual sight-triangle quadrants. 

There was also an interaction effect between 
sight distance and volume for total violation rate. 
For both restricted and unrestricted conditions, the 
total violation rate decreases as major-roadway vol­
ume increases. The most visible decline in viola­
tions again occurs at approximately 2000 and 5000 
ADT. These breakpoints also display the greatest 
effects of sight-distance restriction as a modifier 
of violations. 

Total violation rate is reduced by up to 20 per-
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cent by restricted intersection sight distance with­
in these volume ranges, whereas mid-i:ange ma­
ior-roadway vol11mPi<1 ... how maximu10 Jcullnco or only 10 
percent. No other category of dependent variable 
was significantly affected by minor-approach sight 
a istance. Apparently, minor-approach sjght distance 
affects the violation and compliance ·classifications 
i11 y~.ru~ral, whereas its effect on any one classifi­
cation remains insignificant . 

It may also be reasonable to assume that at the 
low-volume range on the minor roadway and at the 
high-volume range on the major roadway at which 
driver expectancy is predominantly confirmed by the 
presence or lack of tr.affic, unrestricted sight dis­
tance acts as a further confirmation that leads to 
higher violations or compliance . Within the mid­
range, unrestricted sight distance may only confirm 
to the driver that his oi her preconception of ac­
ceptable risk behavior based on experience at lower­
volume intersections is now inaccurate. 

Intersection geometry was found to be signifi­
cantly related only to compliance measures. A 
greater mean percentag·e of observed vehicles was in 
forced compliance at three-leg intersections than at 
four-leg intersections . The only possible explana­
tion for this would involve a disproportionate 
number of tur.ning movements between three- and four­
leg intersections . 

conflict rate was also discovered to be siqnifi­
cantly affected by intersection geometry. The mean 
percentage of conflicts on three-leg intersections 
was lower than that on four- leg intersections . This 
confirms published information on differences in po­
tential conflict points. Thus , a higher level of 
conflicts is c::on•<istent with four-leg intersections 
since these intersecLions have more conflict points . 

No significant relationship could be established 
between any dependent variables and the independent 
variable of traffic condition . No significant dif­
ferences in response between rural and urban inter­
sections were displayed by the data . Although not 
directly evaluated by a single previous study , other 
studies implied that violation rates would differ 
between rural and urban areas (111. 

The other primary dependent measure , accident 
rate , was not significant y affected by independent 
variables . No correlation could be established be­
tween accidents and any other viol at ion mea,.ures or 
with conflict rate at any volume level on major and 
minor roadways . This finding may be caused hy the 
fact that at. these low-volume levels. for both major 
and minor roadways , a three-year accident history is 
not su.fficient to establish trends . 

It should be noted that it could not be deter ­
mined that increased violation rate caused an in­
crease in accidents for the intersection volume 
parameters studied. Therefore, if violation and 
compliance are assumed to depict driver operational 
behavior at an intersection, then low-volume inter­
sections (0-2000 ADT on major roadway) are being 
used as if there were no traffic control present, 
yet with no detriment to safety. Within the middle 
of th., vulume range , the motorist needs to be in­
formed of the increased probability of conflict, but 
again, as shown by the violation rate, there is no 
operational requirement that a ll minor-roadway 
vehic les must be stop-controlled. The conflict rate 
does increase; however, accident expe rience at these 
volumes does not warrant stop-sign control; yield 
signing could be a more meaningful and warranted 
control. Even at the highest major-roadway volume 
studied, only 10 percent of minor-roadway traffic 
voluntarily recognized and obeyed the stop sign in 
the noncaptive situation. Based on the findings of 
this study relative to violation and compliance 
rates, conflict rates, a nd a cc idents as the opera-
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tional and safety er iteria for the effective appli­
cation of low-volume intersection siqninq control, 
tbt! rullowlng warrants are rcconunended for con­
sideration by traffic and transportation officials: 

1. No siqning control is justified or should be 
employed at those intersectionf; nt. whit:'h th& major­
roadway volume is 2000 ADT or less, the minor-road­
way volume is 500 ADT or less , and there have been 
no accidents within a three-year pel'..iod . This war­
rant is also contingent on whether the available 
sight distance along all quadrants of the intersec­
tion exceeds the requirement of AASHTO case 1 guide­
lines. If any of these conditions cannot be met , a 
more positive form of intersection signing control 
should be used . 

2 . For those intersections at which the major­
roadway volume is between 2000 and 5000 ADT, minor­
roadway volume is 500 ADT or less, and there have 
been less t.han two accidents within a three-year 
period , yield-sign control should be employed. This 
wanant is also contingent on whether the required 
available sight distance along all quadrants of the 
intersection exceed the requirement of AASHTO case 2 
guidelines . If any of these conditions cannot be 
met, a more positive form of intersection signing 
control should be used. 

J . Stop-sign control should be employed at those 
int&reectiono ot which Ll1e 11111jor-roa('.lway volume is 
5000 ADT or more, minor-roadway volume is 500 ADT or 
less, and there have been two or more accidents 
within a three-year period . This warrant stands re­
gardless of sight distance availability or require­
ments. Signalization may be employed as an alterna­
tive l! justitied by other warrants . 

Table 3 summarizes the conditions listed above 
under which each control type should be applied at 
low-volume intersections . The accident frequencies 
shown represent a reasonable level of safety. Be­
cause of the essentially random nature of accidents 
·observed for all low-volume intersections , a single 
accident at an intersection is not by itself indica­
tive of a need for greater control. Even two acci­
dents at an intersection represent a marginal condi­
tion regarding safety and therefore onl.y a mere hint 
of a need for rnore-restricti ve control. It is also 
recognized that as exposure increases , the potential 
fo·r accidents increases. Therefore, the recommended 
criteria provide for some margin of enor in the 
direction of more-restrictive control as exposure 
increases. 

RECOMMENDATIONS 

It is recommended that implementation of the pro­
posed low-volume intersection control warrants be 
considered in a priority order for two categories: 
new intersections and existing intersections . New 
intersections are those created by the opening of 
new streets , either singly or in subdivisions. For 
new intersections of low-volume streets that enter 
major streets at intersections thaL h<1ve less than 
5000 ADT (primarily collector streets in urban 
areas), yield control should be installed soon after 
the opening of the street. The only analyses re­
quired will be a.n estimate o f major-roadway volume 
and the adequacy of sight distance for proper yield 
operation . Intersections at which new local streets 
cross other local streets in a subdivision should be 
left uncontrolled, provided there is adequate sight 
distance and no other .circumstances that require 
control. 

At existing intersections , control changes at 
locations at which conditions are known to be within 
the recommended criteria shoul.d be impleroented im­
mediately . At all other locations , estimates of 
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Table 3. Recommended control warrants for low-volume intenections. 

Control 
Warrant 

None 
Yield 
Stop 

Stop 

Sight Distance 

Adequate 
Adequate 
Adequate or 

inadequate 
Inadequate 

Accident HiBtory 

None in three years 
Less than two in three years 
Two or more in three years 

Major-Roadway 
Volume (ADT) 

0-2000 
2000-5000 
5000+ 

All 

traffic volumes, sight distance, and a determination 
of accident history must be made prior to putting 
control changes into effect. For situations in 
which a citywide or countywide assessment of all 
intersections is impractical due to funding or per­
sonnel constraints, stop-controlled intersections 
should be considered first because the changeover 
from stop to yield control produces the maximum ben­
efit. The remaining intersections should be con­
sidered as time and funding permit. 

It is also recommended that further research be 
undertaken to address still-questionable issues rel­
ative to the proposed warrant for low-volume inter­
section signing control. These topics are as 
follows: 

1. The legal consequences of several points 
should be evaluated: the responsibilities of the 
driver, the misapplication of intersection signing 
control through a policy that uses the safest device 
at all locations, and the potential inabilities to 
put the proposed warrants into effect because of 
statutory restrictions. 

2. A larger sample of low-volume intersections 
should be taken and reviewed to further substantiate 
the findings of this study and the significant rela­
tionships identified among the variables. 

3. An extension of the study to major-roadway 
volume levels beyond 6000 ADT would indicate whether 
the reversal trend in the conflict rate is truly 
significant or an anomaly shown by further increases 
in observed conflicts as both potential conflicts 
and volume increase. 

4. Even though minor-roadway sight distance was 
shown to affect selected operational measures sig­
nificantly at low-volume intersections, the assess­
ment technique used in this study needs to be eval­
uated and refined to reflect existing conditions 
more accurately. The relationship among sight dis­
tance, volume, and violation and compliance rates 
could then be more accurately established. 

5. An extension and stratification of minor­
roadway volume levels would provide further insight 
into the effects of this variable on conflicts and 
accidents. 

CONCLUSION 

These warrants require that a jurisdiction make an 
assessment of both the combined volumes and sight 
distances in order to make decisions concerning 
signing control at low-volume intersections. Such 
assessment would require more effort from the deci-
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sion maker, but the savings to the public would be 
obvious and substantial. It is hoped that more-ju­
dicious and more-definitive application of both 
stop- and yield-sign control will alleviate the con­
fusion now displayed by drivers, diminish the unsafe 
behavior, and minimize current violation rates. 

The expected result of more-thoughtful sign ap­
plications is the heightened attention and respect 
given sign control by · the motoring public. Thus, 
when the purpose and need for both stop and yield 
control are more readily perceived by the public, 
greater public compliance will occur. In order to 
achieve this end, it is first necessary to realize 
that universally applied stop control is not the 
safest or the most-efficient solution to low-volume 
intersection control. 
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Abridgment 

Driver Response to a Highway Advisory Radio Systen1 

in New Braunfels, Texas 

JANET C. DABNEY AND CONRAD L DUDEK 

Fiold studies were conducted in Now Braunfels, Texas, to test tho effootivenoss 
of a highway advisory radio (HAR) system in diverting froewny trofflc destlned 
to a special event (the ennuo! Wurstfort celebretlonl ·from tho primary arterial 
routes to an alternate arterial route. Throo types of HAR mossagos wore testod. 
Orlgin-destinaLion data were collected and a questionnaire was administered 10 

dotormine driver rceotions and attillldos to tho HAR route dlvenlon and to 
idantify fectors that influenced the drivers' decisions to divort. Tho findings of 
-1ho questionnaire nudy ore summarized. The results indicated no difforoncos 
in response to the throe message types. Drivers less familiar with tho orea wore 
more apt to divert when thoy heard a mossago. A high percentage (42 percent) 
of tho drivers interviewed stated thot they did not seo the advanco sign tor 
HAR. Only 56 porcent of those. who sow the sign tu nod to tho station. A 
comparison of HAR tuning ond diversion revealed that 67 percent of cha drlv· 
"" intorviowed who tu nod to HAR diverted to tho alternate route. 

The Texas Trans portation Institute (TTI), in cooper­
ation with the Texas State Depar-tment of Highways 
and Publ ic Tr a nsporta tion (TSOIJP-T), Sn Antoni o 
District, and the city of New Braunfels, Texas, 
conducted field studies in New Braunfels to test the 
use of a highway advisory radio (Hi'IR) system for 
diverting traffic dur i ng special events. Thes e 
s tudie s were conducted in conjunction with the 
annual Wursttest celebration in New Braunfels. The 
use of HAR messages to divert freeway traffic from 
primary arterial routes to a less-congested one was 
investigated. 

A questionnaire was administered by the TSDHPT: 
then we evaluated it to determine driver attitudes 
and reactions to the HAR route diversion and to 
identify factors that influenced the drivers' deci­
sions to divert. Some of the findings of the ques­
tionnafre and study are summarized in this paper. 
Details are included in a report by Dudek and 
lluchingson (1). 

New Braunfels is approximately 35 miles northeast 
of San Antonio on I-35. Wurstfest, an annual 10-<lay 
folk festival, is held at Landa Park, which is 
located near the downtown area. The event attracts 
people from several cities in Texas, and most arte­
rial coutes in NPw ~raunfels that lead from the 
freeway to Landa Park become highly congested on 
weekends during the event. City of.ficials specu­
lated that large percentages of traffic came from 
cities northeast of New Braunfels that use south­
bound I -35. Therefor e, the HAR study was des i gned 
to divert southbound I-35 traf·fic bound for the 
Wurstfest. 

Figure 1 shows the location of Landa Park rela­
tive to I-35 and the New Braunfels exits. South­
bound I-35 drivers can take any one of five freeway 
exits (numbered l through 5 in Figure ll to New 
Braunfels: OS-81, Loop 337, Frontage Road, Seguin 
Avenue, and Walnut Avenue. 

Landa Street, west of Landa Par k, intersects 
Walnut Avenue, which runs directly to I-35. The 
Walnut Avenue route was selected as the recommended 
aJ.ternate .route for this study because it is usually 
the least congested and leads to convenient parking 
areas. However, its location after four exits 
c reated a somewhat different diversion approach t han 
would nor.mally be expected. The more-common ap­
proach i s to divert drivers to an alternate route 
upstream from their i ntended exit ramps. 

In contrast to other reported studies of spe-

cial-event diversion (2,3), Landa Park does not have 
a central parking f;cility. Motorists must use 
private lots, shopping centers, or on-street parking 
facilities scattered near the park. 

METHOD 

The HAR system was operated from a site near radio 
station FM 306 (see Figure l) • The antenna was 
mounted on an existing sign support located near the 
freeway lanes on a fill section. The transmitting 
equipment (transmitter, tape playback unit, etc.) 
was placed in the trunk of a vehicle pa r ked at the 
bottom of the fill section. The s ystem was de­
veloped so that it could operate by us i ng power from 
the car battery. However, power problems developed 
during the study, and it was necessary to use a 
portable generator. The generator. power resulted in 
a higher-quality radio signal. The signal was 
stronger and extended considerably farther than when 
the car battery was used. 

White-on-blue 4Bx48-in (1. 2xl. 2-ml radio zone 
signs were posted on the freeway about 0.75 mile 
(l.2 km) on either side uf the antenna at the limits 
of the primary radio reception area. Southbound 
motorists were advised to tune to the 530 AM station 
by a trailer-mounted advance sign located approxi­
mately 1. 25 miles (2 .• 1 km) upstream fro!l' the an­
tenna. The sign message, WORSTFEST/RIWIO TRAFFIC 
ADVISORY/TONE 530/l/2 MILE, was composed of individ­
ualized letter/number white-on-blue reflectorized 
panels that had 10-in (25.4-c.m) D-series letters. 
The sign was covered . by using four 4x8-ft 
(l.2x2.4-m) sheets of plywood booked to the top of 
the sign trailer when no radio message was being 
broadcast. 

Questionnaires were developed for drivers who 
took the recommended route and for those on other 
routes. Questions were included to determine the 
driver's destination, planned route, familiarity 
with New Braunfels, type of radio equipment, and 
experience with the advisory sign and message broad­
cast signal. In addition, drivers who did not 
divert were a s ked open-ended ques tions about their 
disregard of the route information presented by Rl\R 
and about additional inf ormat i on that would have 
in f luenced their choice of route. Drivers on the 
diversion route were asked to list problems they 
encounter ed and the reasons they took the route. 

RESULTS 

A total of 1973 vehicles was observed during the two 
nights during which this study was conducted. 
Questionnaires were mailed to owners of 1461 of the 
vehicles. Responses were received from 424 motor­
ists. The effective return rate (number of ques­
tionnaires returned as a percentage of the observed 
number of drivers) averaged 22 percent over the 
study and was relatively stable. On the average, B5 
percent of the drivers who returned the question­
naire went to the Wurstfest. This percentage was 
fairly constant throughout the study. All subse­
quent data discussed in this paper are based on the 
number of responding drivers who were destined for 
Wurstfest. 
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Figure 1. Wurstfest study area. 

Advance Sign 

Successful operation of an HAR system is in part 
affected by the advance sign. Failure of motorists 
to read the sign will affect the size of the sys­
tem's audience. As shown below, only 5B percent of 
the Wurstfest-bound respondents who drove through 
the radio zone while a message was being broadcast 
saw the sign. Thus, a large percentage (42 percent) 
of the potential audience was not aware of the HAR 
system. 

Driver 
Total bound 

for Wurstfest 
Bound for 

Wurstfest that 
saw advance 
sign 

Bound for 
Wurstfest that 
tuned to HAR 

Response (%) 
Saw Advance 
Sign 
5B 

Tuned to 
HAR 
33 

56 

Diverted 
22 

38 

67 

The reasons for this disappointing result are not 
known. The project staff felt that the sign place­
ment on the first night of the study within a right 
horizontal curve did not provide sufficient sight 
distance. The sign was moved to a tangent section 
on the second night. However, a larger percentage 
of respondents saw the sign before it was moved than 
saw it afterwards. 

Tuning to HAR 

During the two study days, only 56 percent of the 
drivers interviewed who saw the advance sign and 
only 33 percent of the total Wurstfest-bound audi­
ence tuned to the HAR station. 

The data revealed that a large percentage of the 
drivers who did not tune to the station after having 
read the advance sign were simply apathetic toward 
the system. Of the 72 percent who indicated a 
degree of apathy, 31 percent preferred to listen to 
the music that was on their radios, 24 percent 
stated that they did not need the information, and 
17 percent did not want to tune to the HAR station. 
Only 11 percent of those interviewed stated that 
they did not understand the messag~ on the advance 
sign. 

39 

\ 
' 

Diversion 

The data show that 67 percent of those drivers 
interviewed who had tuned to the HAR station di­
verted. As shown above, this is 22 percent of the 
total bound for the Wurstfest. 

The relationship between the driver's familiarity 
with New Braunfels and willingness to tune to the 
HAR station is shown below. The results indicate 
that the degree of driver familiarity did not have 
any effect on the driver's decision to tune to the 
HAR station. 

Response (%) 
Driver's Tuned Diverted to 
Familiarity to HAR Walnut Avenue 
Within last month 31 15 
Within last lB months 34 21 
Within last 5 years 35 28 
None 34 31 

The above tabulation also demonstrates the rela­
tionship between driver familiarity and diversion 
rate. 

In general, the diversion rate increased as the 
driver familiarity with the area decreased. A 
similar trend was documented in diversion studies 
conducted by TTI in Dallas (.2_) • In particular, it 
should be noted that drivers who were very familiar 
(i.e., those who had been in New Braunfels within 
the last month) had a low diversion rate (15 per­
cent), especially when their willingness to tune to 
the HAR station is considered (31 percent). As 
driver familiarity decreased, this difference dimin­
ished so that nearly all the very unfamiliar drivers 
that tuned to the station also diverted (31 percent 
diverted of 34 percent that tuned to the station). 

Radio Reception 

During this study, some respondents were unable to 
receive an acceptable HAR signal on their AM car 
radios. This difficulty was analyzed in relation to 
the type of antenna (aerial or wire in windshield), 
the model year of the vehicle, and the installation 
of the radio (i.e., whether factory-installed). 
Data analysis indicated that the use of a wire 
antenna in the windshield seemed to have no effect 
on the reception characteristics. A similar study 
in Minneapolis (_!) also concluded that windshield 
antennas had no effect on tuning and reception 
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Figure 2. HAR reception related to age of vehicle. 
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characteristics of AM car radios. The comparison of 
the model year and the percentage of vehicles unable 
to tune to the station is shown in Figure 2. There 
was a general trend toward improved reception at the 
530-kHz frequency in the newer vehicles. 

Drivers that did receive the HAR message were 
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asked to rate the signal reception in comparison 
with that of their regular radio station. The 
rouiults chow th11t J5 pei:ceul ur the drivers inter­
viewed rated the HAR signal to be weaker than com­
mercial AM broadcasts but only 6 percent rated the 
HAR signul to b@ infei:ior. 
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Motorists' Needs for Information on Services 

GERHART F. KING 

A comprehensive review and analysis of the s-rate of the art on motorists' neods 
for information on travel-related goods ond service• and on moans to satisfy 
these information needs have boon made. information needs and potential in· 
formatlon·transmisJion moans am identified. Problems asssociated with tho de­
sign and implementation of service information systems are delineated. A num­
ber of existing services information systems are analyzed and a conceptual 
prototype system that usos existing technology is developed. This system is 
designed to overcome tho information-presentation problenu associated with 
the elimination and control of billboards. 

Information concerning goods and services that may 
be needed during travel represents an impor t ant part 
of the tota.l of motoris ts ' i n f ormation needs. The 
satisfaction of these needs is required by the 
driver for the safe, convenient, and comfortable 
completion of his or her trip. In the historical 
development of the total highway information system, 
this class of needs has traditionally been satisfied 
by private signing erected on or adjacent to the 
highway right-of-way. 

For instance, a standard text on motel management 
(l) published just prior to the enactment of the 
Highway Beautification Act of 1965 (P.L. 89-285, 
October 22, 1965) stated, "This med.i um [outdoor 
display advertising] is probably the most important 
single promotion method for motels." 

Only with the large-scale construction of lim­
ited-access highways did traffic engineers begin to 
consider the need for public signing for services. 
The 1948 edition of the Manual on Uniform Traffic 
Control Device s (MUTCD) (~) does not mention signing 

for services. The concept was introduced for the 
Interstate system when the separate Interstate 
signing manual Ill was published and extended to 
non-Interstate expressways and freeways when the 
1961 edition of MUTCD was adopted l!l· These provi­
sions were continued and extended to the conven­
tional system in the 1978 edition of MUTCD (~). 

Service signing as covered by MUTCD is restricted 
to the following six classes: gasoline (and asso­
ciated services), food, lodging, telephone, hospi­
tal, and camping. Miscellaneous goods and services 
that may be required by the traveler are not in­
cluded in the MUTCD list. 

Traditionally, information transmission concern­
ing brand identification of services has been the 
role of private signing adjacent to the highway 
right-of-way. However, the 1958 Bonus Law (23 
C.F.R., Part 750, Subpart B, Sections 
750.151-705.155, May 12, 1975) and the Highway 
Beautification Act of 1965 have placed actual or 
potential limitations o n the role t ha t priva t e 
signing can play . 

S i nce the availability of commercial advertising 
was reduced by these legal res trictions, Congress 
recognized a conesponding obligation to provide 
information about necessary motorist services. 
Exceptions to the prohibition against commercial 
advertising were made for certain categories of 
signs (e.g., on-premise signs) and for certain types 
of roadside areas (commercial and ind!lstrial). !n 
addition, public agencies were authorized to assume 
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a greater role in providing specific information for 
the traveling public through official signing for 
services and incorporation of brand-name identif i­
cation in official signing. 

Considerable concern has been expressed whether 
this system of amplified public signing and re­
stricted private signing fully satisfies motorists' 
information needs concerning the availability of and 
directions to travel-related goods and services 
along Interstate and federal-aid primary highways. 
The research summarized in this paper was designed 
to address this concern. 

MOTORISTS' INFORMATION NEEDS 

The driving task, defined as the total of all activ­
ities that take place from the inception of a trip 
to its termination (6), can be viewed as a series of 
consecutive driver -decisions. A decision is a 
choice among alternatives. In order to make ra­
tional decisions, the driver must reduce his or her 
uncertainty. The need to reduce uncertainty estab­
lishes an information need, which must be satisfied. 

Motorists' needs for information on travel-re­
lated goods and services form a subset of the total 
set of driver information needs. 

General Information Needs 

The need for information at three levels of perfor­
mance of the driving task has been identified (2): 

1. Microperformance, which refers to the driver's 
interaction with his or her vehicle; 

2. Situational performance, which refers to the 
driver's ability to maintain a safe path on the 
highway i and 

3. Macroperformance, which refers to the driver's 
ability to plan and execute a trip from point of 
origin to destination. 

Later descriptions (8) of this driving-task model 
and applications of the model to a highway and 
information system design procedure (9) used the 
terms "control," "guidance," and "navigation" for 
these three levels of performance. Drivers' deci­
sions concerning goods and services are considered 
to be at the macroperformance or navigation level. 

An objective ordinal scale can be established to 
define the relative importance or primacy of the 
information associated with each of these levels of 
performance. On this scale, information at both the 
control and the guidance levels has a higher rank 
than does information at the navigation level (§). 

Service Information and Other Travel-Related Needs 

It has been stated (10) that the average motorist 
needs the following: 

1. Service information (fuel, food, lodging or 
camping areas, attractions and other facilities, and 
other miscellaneous services) i 

2. Credit-card information (particularly for 
gasoline) i 

3. Reliable route-guidance system (which would 
facilitate getting the driver to his or her destina­
tion) i and 

4. Driver-aid system (which would provide help 
when the driver is in distress anywhere on the 
nation's highways). 

Of the five categories of service information 
listed above, the first four are self-explanatory. 
The fifth, miscellaneous services, is a catch-all of 
types of goods and services that may be needed by 
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the traveler. Some typical 
below. (It should be noted 

examples 
that two 

are shown 
classes of 

services--telephone and emergency medical care--are 
not included i these are considered to be of such 
importance that special 
usually made.) 

Goods 
Clothing 
Cosmetics 
Medicine 
Sports equipment and 

supplies 
Camping equipment and 

supplies 
Packaged food and 

beverages 
Souvenirs and local 

handicraft 
Gifts 

information provisions are 

Services 
Post office 
Western Union 
Bank 
Equipment repair 

(nonautomotive) 
Laundry and dry 

cleaning 
Medical care 

(nonemergency) 
Religious 

A study of motorists' needs on rural freeways 
(11) defined two types of services. Services of 
necessity are emergency-type services that include 
police, fire protection, medical aid, and service 
for disabled vehicles. Need for this type of ser­
vice is unpredictable and therefore this information 
cannot be incorporated into travel plans and 
routes. Services of convenience would include those 
services that are normally used by the motorist at a 
specific location--gasoline, food, lodging, communi­
cations, and information. An assumption by the 
motorist of the availability of services can result 
in problems. If the motorist fails to obtain fuel 
where it is available, the convenience (fuel) be­
comes a necessity (disabled-vehicle service) if the 
driver runs out of fuel. Similarly, in cases of 
extremely adverse climatological conditions, which 
make driving impossible or hazardous, lodging may 
become a necessity. 

In another study of motorists' service needs on 
rural freeways, Voorhees and Associates (!1) clas­
sified these needs into three broad categories: 

1. Emergency (ambulance, towing, etc.) l 
2. Routine (food, gasoline, and lodging) l and 
3. Supplementary (souvenirs, ice, etc.). 

The study developed a data base of more than 1500 
motorist interviews. From this data base, a number 
of general conclusions concerning motorists' service 
needs were derived. 

The distances that motorists are willing to 
travel off the freeway for services depend on the 
type of service. Those needed frequently (routine 
services) are expected within 1, 2, and 5 miles from 
the freeway for gasoline, food, and lodging, respec­
tively. About 85 percent of the motorists would 
prefer not to travel further than this from the 
freeway to obtain most routine services. Motorists 
are generally willing to travel further for the less 
frequently needed services. 

Many of the motorists surveyed indicated that 
their single biggest problem was a lack of informa­
tion about the availability and quality of ser­
vices. Such information would include location of 
emergency services; location and description of 
routine services such as gasoline, food, and lodg­
ing i and availability of supplemental services such 
as souvenirs, ice, and medicines. 

The frequency of need for services ranges from a 
high of two, three, or four times per day (for 
example, for gasoline) to a low of once per lifetime 
or less (for example, the need for a fire engine). 
Other needs fill the range between these two ex­
tremes. 
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Analysis of the needs of the motorist shows that 
these can be conlliderer.1 at two 1P.vP.1R. The first 
level concerns -availability and location. Table l 
shows the first-level needs for fuel, food, lodging, 

Table 1. Motorists' information needs. 

Other Goods 
Information Fuel Food Lodging Attractions and Services 

First-Level Needs 

Location x 
Distance x 
Directions x 
Return x 
Travel time x 

Second-Level Needs 

Brand x 
Type 
Quality 
Hours x 
Price 
Credit card x 
Next or other x 

availability 
Handicapped 

adaptation 

x x 
x x 
x x 
x 
x 

x x 
x x 
x x 
x 
x x 
x x 
x x 

x x 

x x 
x x 
x x 
x x 
x x 

x 
x 

x x 
x x 
x x 

x 
x x 

x 

Table 2. Relative importance of restaurant-choice variables. 

Importance (%) 

Mean Very Moderate 
Rating Factor (4) (3) 

4.00 Quality of food 100 
3.97 Cleanliness 97 3 
3.91 Service 91 9 
3.68 Cost 74 19 
3.63 Type of meals 67 30 
3.40 Location 53 36 
3.38 Comfort 46 48 
3.24 Type of service 44 41 
3.07 Hours 37 40 
3.03 Atmosphere 28 so 
2.37 Seating 12 36 
2.36 Decor/theme 6 40 
2.03 Chain affiliation 8 2S 
1.84 Credit cards honored 12 IS 
1.62 Cocktail service 6 13 
1.39 Entertainment 2 6 

Table 3. Relative importance of motel-choice variables. 

Importance (%) 

Mean Very Moderate 
Rating Factor (4) (3) 

3.49 Moderately priced 58 3S 
3.29 Close to main route 48 38 
3.26 Convenient for parking 4Y 3S 
3.02 Quiet setting 34 43 
2.96 Room size and decor 25 53 
2.85 Close to tourist attraction 3S 33 
2.82 Attractive setting 24 46 
2.68 Swimming pool 36 23 
2.67 Restaurant facility 29 31 
2.21 Close to gasoline stations 13 27 
2.18 No charge for children 26 IS 
2. 16 Close to fa st-food restaurant 13 2S 
2.14 Color television II 26 
2.0S Credit cards honored 20 17 
2.03 Late checkout time 10 23 
1.77 Direct-dial telephones 8 16 
1.49 Cocktail facility 5 9 
I.! 6 Babysitting service 2 3 
1.03 Animal kennel 2 2 

Little None 
(2) (!) 

7 
2 I 
9 2 
5 I 

II 4 
17 6 
17 5 
27 25 
37 17 
28 39 
17 56 
19 62 
20 72 

Little None 
(2) (I) 

5 2 
9 5 
9 7 

14 9 
15 7 
14 18 
18 12 
14 27 
18 22 
28 32 
10 49 
27 3S 
29 34 
11 S2 
27 40 
21 55 
16 70 

7 88 
3 93 
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attractions, and other goods and services. 
Once the first-level needs are fulfilled--that 

is, when the motorist is aware that certain goods 
and services are available--the second-level needs 
must be met. Second-level needs are for specific 
information on the goods and services offered (Table 
1) -

In addition to the general second-level needs of 
the motorist, there are specific needs that are 
applicable only to certain categories of services. 
In the fuel category, besides the other second-level 
needs, the availability of minor and major repair 
service and of parts is an important item to all 
travelers. For some travelers, the availability of 
alternative fuels (e.g., diesel or propane) repre­
sents an important information need. 

Specific needs in the food category include 
waiting and service times, dress code, and the 
availability of children's meals. The National 
Restaurant Association conducted an attitude survey 
of the restaurant habits of travelers (13). As part 
of the survey, travelers were asked the--"factors that 
influenced their choice of restaurant. These fac­
tors, shown in Table 2, represent information needs. 

Specific needs of the traveler for lodging infor­
mation include vacancies available, relative loca­
tion, children's rates, on-premise restaurant, and 
supplemental hotel or motel services such as pool, 
television , and telephones. Informat:ion on vacan­
cies is not available to the motorist un t il t he 
motel or hotel has been reached. One way to avoid 
the question of available rooms is to make advance 
reservations. A number of studies (14,15) have 
found that only about one-third of vacationers make 
advance reservations and that in cases in which 
reservations are made, they are made at least two 
(possibly morel days in advance. 

A survey (15) found that B3 percent of respon­
dents considered proximity of motels in which they 
stayed to be an important consideration. These data 
indicated that the cumulative proportion (P) of 
motels used is related to the distance (D), a gen­
erally exponential relationship the mean of which is 
about 20 miles and the 90th percentile of which is 
about 9.5 miles. The survey also questioned trav­
elers on the relative importance of motel-choice 
variables (Table 3). 

For miscellaneous goods and services, the trav­
eler needs to know which are available, the brands, 
the quality and price, and where they are located. 

SATISFACTION OF INFORMATION NEEDS 

Travelers' information needs are currently satis­
fied, at least in part, by a number of different 
information-transmission techniques. 

Information-Transmission Technology 

A communications system, according to 
consists of five separate parts: 
source, transmitter, channel, receiver, 
tion. 

theory (16), 
information 

and destina-

In the system being analyzed here, the informa­
tion source is the governmental or private agency 
that decides what information is to be transmitted. 
The destination of the information is the driver or 
navigator. The specific transmitter-channel-re­
ceiver combination used represents the information­
transmission technique. 

For the design of a formal information system, 
only two means of information reception are possi­
ble--visual or audio reception. These form one 
dimension of a taxonomy of information-transmission 
techniques. The time and place of information 
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transmission represent the other two dimensions. 
The entire taxonomy is shown below: 

Medium 
Visual 
Pretrip planning 

Map 
Brochure and leaflet 
Guide 
Touring service 
Newspaper and magazine 
Service directory 

In-trip--on highway 
Outdoor advertising 
Signs 

General service 
Logo service 
Official business 
Standard guide 

In-trip--off highway 
Information centers 

Manned 
Unmanned 

ad 

Radio and television 
Spoken message 
Telephone 

Broadcast radio 
Low-power radio 
Citizen's-band radio 
Mobile telephone 
Tape cassette 

Telephone 
Low-power radio 
Closed-circuit television 
Talking sign 

This taxonomy is somewhat arbitrary, and some 
categories overlap. For example, hard-copy (i.e., 
visual) pretrip information sources can and are 
consulted during a trip either on the highway (by 
the navigator) or off the highway. Also, informa­
tion centers always have telephones and may incor­
porate other audio techniques. 

Table 4. Maximum distance from Interstate highways for service signing. 

Distance (miles) 

Government Fuel Food Lodging Camping Hospital 

Federal 3• 3• 3• 3• 
1 or 3d Cali fo rnia 0.5b c -c 10 

Virginia 1 3 3 10 
Massachusetts 0.5 1 1 
Florida 1 1 1 5 10 
North Dakota 3.5 3.5 3.5 10 3.5 
Idaho 1 or 5° 1 or 5° 1 or 5° 1 or 5° I or 5° 
Michigan 3 3 3 5 
Illinois 1 1 1 10 
New York 3 6 9 12 

6 rr ona or mora tnltcs ;ire 1101 avaflab1c , con linue In l·mtli.' incremon" uo to 1 nu1xi· 
bmum Of IS miles, ltnc.c".SS11ry, 10 find :.vQ11~l~1o icrvh::o O( Ch e. l )'llO needed., 

F.JCccru in Cgu or by·p~cd communlHoJ in w·hich larvico ii nol JJV:'IJlablo tLt sn tue or 
Cl lc.sscr dbt1mc::e.s. 
dPoh1l SYJ lci m. 

Urb1rn a.rlto.s, I mll ic; rura.I areas. J ndl e:;s;. 6.x'cc1uiunJ In onM whcro hospit ~ls: nrc m"ny 

. .,r;l~~.::::::i comn1unlL)'
1 
6 milt$. 

Table 5. Sources of information for second-level needs. 

Second-Level Informat ion Need 

Goods or 
Service Brand Type Quality 

Fuel Logo signs, on-premise 
signs, hard copy 

Food Logo signs, on-premise On-premise signs, Ratings, hard copy, 
signs, hard copy hard copy brand name 

Lodging Logo signs, on-premise On-premise signs, Ratings, hard copy, 
signs, hard copy hard copy brand name 

Camping Hard copy Hard copy 

Attractions Hard copy 

Other goods On-premise signs, hard Hard copy 
and services copy 
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A comprehensive survey of these techniques that 
covers characteristics and use patterns may be found 
in a report by King and Wilkinson <.!.2.l· 

Si!tisfaction of First-Level Information Needs 

The signing prescribed by Section 2F-32 of MUTCD (2) 
is adequate to satisfy the first-level needs of the 
motorist. The location of the service is pinpointed 
at an intersection or interchange. 

Under current Federal Highway Administration 
(FHWA) regulations, a service must generally be 
located within 3 miles to be eligible for signing by 
using either standard service signs <.2.> or l ogo 
signs (18). This mileage cons traint , however, is 
not app,i";ent to the motorist who sees the sign . In 
addition, these regulations allow for distances up 
to 15 miles if services are not available closer to 
the interchange. Individual states also have cri­
teria for service signing. Table 4 compares maxi­
mum-distance criteria for service signing as estab­
lished by federal and state standards. All states 
examined used distance as a criterion for all ser­
vices except California, which used a point system 
for food and lodging. The point system combines 
five categories: 

1. Minimum distance from exit to first service 
facility, 

2. Number of traffic-control devices (signals or 
stop signs) between exit and facility, 

3. Number of seats or rooms in facilities reach­
able from interchange, 

4. Distance to next highway exit that has facil­
ity, and 

5. Judgment factor by inspection official. 

(Candidate facilities must score at least one point 
in the last category to be considered at all.) 

Satisfaction of Second-Level Information Needs 

Although MUTCD signing does a fair job in meeting 
the first-level needs of the motorist, it generally 
fails to satisfy the second-level needs. Only one 
category of information--brand--is directly met by 
logo signing. A number of others, such as type, 
quality, and credit card, may be inferred in the 
case of national chains. Formerly, almost all 
second-level needs were met through the use of 
outdoor advertising, specifically by billboards. 
Since the removal of billboards from parts of the 
highway system, these second-level needs have been 
satisfied from a different source. Table 5 shows 
information sources for the second-level needs if 

Handi-
Next or capped 
Other Adapta-

Hou rs Price Credit Card Availability ti on 

Federal or state Brand name, hard Official 
guidelines copy signing 

Federal or state Hard copy Hard copy Hard 
guidelines copy 

Hard copy Hard copy, national Hard 
affiliation copy 

Seasonal hard Hard copy Hard copy Hard copy Hard 
copy copy 

Hard copy Hard copy Hard copy Hard 
copy 

Seasonal hard Hard copy Hard copy Hard copy 
copy 
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Table 6. Factors that influence choice of eating establishment. 

Factor•(%) 

On-Premise Highway Previous Travel-Directory City Visitor's 
Meal Advertising Advertising Experience Rt;cu11uu1:11UaliuH Advertising Magazine 

Breakfast 46 . ~ 33.6 19.0 28.8 
Morning snack 42.7 39.8 21.4 29.l 
Lunch 42.5 43 .3 20.1 3 1.8 
Afternoon snack 47.6 43.7 16.7 19.0 
Supper 38. 3 32.7 23.4 42.0 
Evening snack 45.8 30.5 18.3 32.0 

3
Does not add to 100 percent due to multiple responses. 

Table 7. Patronage of motels based on advertising and location. 

Factor 

Roadside advertising (before motel 
in sight) 

Signs on motel property 
Other advertising 
Recommendation of friend 
Recommendation of business firm 
Listing in travel directory or as 

member of group 
Appearance of motel 

Patronage (%) 

Use of Outdoor Location of Motel 
Advertising 

Primary 
Heavy Light Interstate Highway 

29 8 16 17 

15 34 29 22 
2 2 2 3 

17 8 17 8 
10 5 8 6 
26 31 17 39 

12 32 21 24 

billboards, except for on-premise signs, are not 
used. 

Food 

Quality of food, cleanliness, and good service are 
the leading restaurant-choice variables (Table 2). 
Information on these items can currently be obtained 
through independent ratings (e.g., those of the 
American Automobile Association) or inferred from 
brand names. Information on ratings can be included 
in billboard or hard-copy advertising. 

Information concerning waiting and service times 
or the need for reservations in a restaurant is not 
normally available except for inference from the 
type of restaurant being considered. This type of 
information and information concerning dress codt! 
and children's meals can be found in some of the 
commercial travel guides. These travel guides do 
not provide complete coverage, however, since they 
list only selected establishments. 

A study (13) for the National Restaurant Associa­
tion investigated the en-route information sources 
used and the factors that influenced choice of 
eating establishments. Highway advertising (on and 
off the premises) was found to be the primary source: 

Information Source 
Highway advertising 
Friend or relative 
Directory or guidebook 
Brochure 
Other vacationer 
Road map 
State welcome center 
Newspaper 
Private business 
Chamber of commerce 

Automobile Vacationers 
Who Used Source (%) 
50.B 
40. 6 
25.2 
23.2 
14.3 
10.9 
7.9 
7.1 
5.3 
4.7 

12.3 J.B 
9.7 5.8 

10.3 4.6 
6.3 7.1 

17.9 6.6 
9.9 6.9 

Factors that influenced choice of restaurant were 
found to vary with specific meal (Table 6). 

Lodging 

The results of a survey (14) on how motels were 
usually selected are summarized below: 

Selection Factor 
Appearance 

Unqualified 
Qualified (room inspec­
tion, cleanliness) 

Facilities 
Rates 
Travel-guide recommendation 
Chain affiliation 
Location 
Advertising, billboards 
Early stop or fatigue 
Experience 
Recommendation 
Chance 

Distribution of 
Responde nts ( %) 

17.B 

11. 4 
10 . 4 
9.2 

33.7 
22.1 
6.2 
7.3 
3.6 
3.4 
6.0 
3.6 

Another survey (19) on factors that influence trav­
elers to select a motel took both the motel location 
and the amount of off-premise outdoor advertising 
into account. The results are shown in Table 7. 

Miscellaneous Goods and Services 

At the present time, information on miscellaneous 
good s and services is limited to brochures, on-prem­
ise signing, and some legal off-premise signs. 

PROBLEMS IN IMPLEMENTING SERVICE INFORMATION SYSTEMS 

Technical Problems 

Technical problems with putting service information 
systems into effect include all problems that arise 
from or may be remedied by technical aspects. These 
technical aspects transcend the traditional defini­
tion of technology and engineering and may include 
contributions from the fields of information theory, 
psychology, and education. Some examples of tech­
nical problems are discussed below. 

Informing Motorists About System 

Any lnfo rma·tion system or informa t ion- t r ansmission 
technique that does not rely on on-highway visual 
information requires that the motorist be i nformed 
about the system and how to operate within it. The 
problem is particularly acu te in those states such 
as Vermont (20) and Or egon, which rely on off-road 
unma nned information cente rs. A study in Oregon 
(21) showed that almost half of all us ers of t he 
i nf o rmation c e nter had not been aware of it until 
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they saw the displays when they entered the rest 
area. The problem of identifying and locating 
pretrip inform.ation sources also falls into this 
category. This type ·of problem may also occur in 
relation to on-highway visual information sources if 
tJiese employ coding systems that are not completely 
self-explanatory. 

Skills Required to Operate Within System 

Any system or technique imposes a requirement that 
the system user command certain skills. These 
skills may be as basic as reading or as sophisti­
cated as the ability to make complex inferences or 
to read detailed maps.. Physiological attributes 
such as vision, hearing, and reading time would fall 
into this category. Also included are any problems 
associated with language (i.e., those of system 
users who do not speak English) or with metric 
measurements. 

Criteria for Service and Logo Signing 

Logo signs, official business signs, and variations 
of these are all capacity-iimited: The number of 
establishments listed cannot exceed a maximum, which 
depends on the type of signing and FHWA and local 
policies. This iimitation necessitates inclusion 
c:dteria. Distance inclusion criteria are usually 
also imposed even if the basic sign capacity is not 
exceeded. An associated problem occurs when a state 
line intervenes between the service facility and the 
logical location of the serv.ice sign. Some state 
policies do not permit signing in these cases. 

Uniformity and Continuity 

At the present time, a number of information systems 
coexist in the United States and even sometimes on 
various highway systems within the same state. This 
creates a difficulty when the motoris.t proceeds from 
one system to another, since the tendency is to 
expect similar systems. 

Dispensing Hard Copy 

Dispensing hard copy is a problem associated with 
unattended information centers. The information­
transmission capacity of unmanned centers is reduced 
by vandalism and litter problems and di~f iculty with 
making hard-copy information, espec.ially maps, 
available to the driver. 

Keeping Information Current 

With the exception of some audio techniques (e.g., 
radio and telephone), all information-transmission 
techniques are subject to the problem of being out 
of date to a greater or lesser degree. Major travel 
and service guides have a one- to two-year revision 
cycle. Sign revision requires a finite lead time 
the length of which often depends on personnel 
levels and allocation. Inordinate information 
change time, which leads to a high proportion of 
out-of-date information, may seriously affect the 
credibility and therefore the utility of any infor­
mation system. 

Information Center Capacity 

Information centers have finite capacities. The 
Vermont information plazas can accommodate 66 adver­
tisers; the· ones in California, more than 30. The 
Oregon information center has room for 900 column 
inches of information. These capacities could 
easily be exceeded in areas that are heavily tour-
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ist-oriented, especially if information centers are 
spaced far apart. 

Economic Problems 

Economic problems include those that are discussed 
below. 

State Maps 

Now that oil companies no longer distribute free 
maps, state maps are assuming a more important role 
in information systems. Funding limitations have 
led to the lack of state maps in some states, to 
extensions of the map-revision interval, and to 
limitations on the number printed and distributed in 
each state. 

Information Center Operation 

Funding limitations have caused information centers 
to shorten hours of operation and to reduce staff in 
busy centers; some centers have been closed and 
others have seasonal limitations. 

Billboard-Removal Rate 

Based on recent experience, the states have demon­
strated a willingness and ability to remove signs 
faster than funds are being authorized and appropri­
ated by Congress. This conclusion is based on 
expenditure data and state requests for federal 
matching funds for fiscal years 1977 and 1978 (ac­
cording to R.W. Moller, Office of Right-of-Way, 
FHWA). The level of funding for this activity in 
1980 was such that, in some states, it would take 
decades to accomplish the task rather than the five 
to eight years originally contemplated. This slow 
pace of billboard removal is removing the urgency of 
developing and implementing alternative information 
systems, particularly information system elements 
that require the investment of private capital 
and/or financial conunitments from service suppliers. 

Marketing of Cooperative Systems 

The success of cooperative systems (privately oper­
ated information centers that sell space to individ­
ual services) depends on their ability to market 
this technique. This marketing effort has been a 
problem in some cases, especially in Vermont. To a 
lesser extent, the same principle applies to govern­
ment-operated programs such as logo signing or to 
official business signs that require participation 
and payment by the affected businesses. llates for 
these systems are usually nominal. However, an 
experimental program of official business signs in 
Massachusetts (22) was able to obtain participation 
of only half the eligible businesses. 

Opposition to Information Centers 

Prior to the initiation of state-operated or state­
contracted information centers, this type of opera­
tion was the responsibility of local organizations 
such as the chambers of conunerce. In many cases the 
information booth was the most prominent example of 
the chamber's activities and the reason for much of 
its funding from local businesses. Fear of loss of 
this funding has generated opposition to some infor­
mation center programs. 

Availability of Legal Billboard Sites 

The restrictions made on outdoor advertising by the 
Highway Beautification Act have made legal billboard 
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sites scarce. Some of the legal sites are tied up 
!Jy lonq le!:Ule~ CO non-travu l -Lt'lla t•d llS~rR. l\n 
increase in the number of availa ble sites as a 
result of changes in land use and/or zoning cannot 
be expecte~ to have a major effect since thccc 
chanqes would probably not occur in the purely rural 
area in which the problem is most acute and since 
the land-use changes themselves might generate new 
advertisers competing for space. 

Service Signing on Tollways 

Toll facilities form an appreciable portion of the 
Interstate and primary highway systems, especially 
in the eastern portion of the United States. Toll­
road authorities derive part of their revenue from 
the service plaza concessionaires. There is there­
fore opposition on the part of some toll authorities 
to any service signing that would divert business 
from their facilities. 

Competitive Balance 

Some information-transmission techniques may have an 
adverse effec t on t he competi-tive balance among 
various s uppliers o f s ervices . This pro bl em appli es 
especia lly to t he logo signing p r og i:arn. The use of 
logos g ives a great advantage to national chains 
over t he l oca l indepe ndent se rv i ce. The same adva n­
tage may apply to high-rise on-premise signing or 
other high-cost techniques. 

Administrati ve or Legisl ative P roblems 

Problems that arise due to administrative or legis­
lative action and that could be remedied by similar 
means are discussed below. 

Security of Unmanned Off-Highway Sites 

Especially in hilly or heavily forested areas, 
off-highway informat i on sites may not be visible 
from the main road. Since motorists must leave 
their vehicles to use this information source, a 
potential security problem is created, especially at 
night. Several states have indicated that the 
highway patrol does not normally enter rest areas as 
part of its routine. 

Vending on Interstate Right-of-Way 

As of 1979, vending on Interstate rights-of-way was 
prohibited by legislation. This prohibition has 
made it impossible to initiate a number of possible 
techniques to provide information, such as coin-op­
erated map dispensers. 

Harassment of Travelers at Information Centers by 
Religious Groups 

several states have reported the problem of having 
travelers harassed by members of religious groups 
who are trying to sell items or dispense information. 

Free Samples 

The practice of handing out free samples (e.g., 
orange juice in Florida) has led to overcrowding of 
information centers and overburdening of the center 
staff, which compromises the basic information­
transmission activity. 

Commercialism in Tourist Advisory Radio 

The interpretation by t he Federal Communications 
Commission of the commercialism clause in the regu-
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lations applicable to tourist information radio 
[Federal RegiRtPr 42 (120):31601, Federal Communica­
tions Commission Docket 20509, June 22, 19771 has 
severely limited the ability of this technique to 
funct i on ~s a service information source. 

l'HO'l'O'l'YPE INFORMATION SYSTEM 

This paper contains the highlights of a major survey 
of information needs and transmission techniques for 
travel-related goods and services (17) • As part of 
this survey, three current information systems were 
reviewed critically and evaluated: 

1. U.S. standard system (defined in MUTCD and 
current FHWA regulations): This system, with some 
local variations, is the one most widely used today. 

2. Vermont system: This system attempts to 
satisfy travel-related information needs without any 
outdoor advertising. The system has two major 
components: (a) official business signs that use 
color coding and symbols and (b) unmanned informa­
tion plazas. 

3. Oregon system: This system uses privately 
operated , unmanned information centers as a key 
system element. 

Based on the evaluation of these three systems and 
others r epo rted i n detail n t he pro j ect report , a 
conceptua l i zed prototype serv i ce i nfor ma t i on system 
was developed. This s ys t e m, wh i ch i s descr i bed 
below, i s designed t o (a) sat i sfy t r a velers ' infor­
mation needs a nd (b) use existing i nf orma t i on-trans­
mission techniques. 

The basic system is designed to be put into 
effect throughout the United States. Since a number 
of states have enacted billboard controls consider­
ably more severe than those cont a i ned in the Highway 
Beautification Act, the information system does not 
incorporate out door advertising, either on or off 
site, as a p r imary i nf ormation-transmission medium. 
In those states in which the sign ~control provisions 
of 23 U.S. Code, Section 131, govern, especially 
those in which there is a relatively great amount of 
legal sign space, outdoor advertising can continue 
as a redundant informatio n source if so desired by 
the advertiser. 

The information system described below has three 
distinguishing characteristics: 

l. It is a multimedia system. No single informa­
tion-tran!!mission technique can meet all the i nfnr­
mation needs in a timely, convenient, and economical 
manner. 

2. It is an incremental system. The different 
levels of information are handled by different 
transmission techniques. The system user can choose 
which level of information is required. The satis­
faction of additional levels of information will 
require incremental e f f or ts on the part of the user. 

3. It is a cooper ative system. Responsibility 
for providing the required information is shared 
between the public and private sectors. 

s ystem Osed f or I nte r s ta t e a nd Limi ted-Access 
Uighways 

The system applied to Interstate and other limited­
access highways would include the following elements: 

1. General service signing: At the first, or 
s i mplest , syste m level , first-level i nf o rmatio n is 
t rans mitted by ge neral s ervi ce sig ning. The use of 
symbols i nstead of wo rds would permi t the t r a ns mis­
s ion of al l fi ve types of first-leve l · nfnr mation 
needs listed in Tabl e 1. In most cas es , signing for 
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next-available services should be used. 
2. Logo signing: The next system level intro­

duces logo signing, which will supplement or replace 
the general service signing. This system level thus 
satisfies second-level needs associated with brand 
information and a certain amount of implied quality 
information. Cut-off criteria should be based on a 
plan similar to California's point system. 

3. Information centers: The Oregon or California 
type of private leased operation appears to be 
preferable to the state-owned operation in Vermont 
due to the relatively large initial investment 
required and the profit potential of this type of 
operation. A combination of the two types is poss i ­
ble. The private operation could be used for major 
routes and for high-density areas in which private 
operators would have a reasonable chance of recoup­
ing their investment. However, it would be equit­
able to ask that display rates at these sites be 
increased in order to subsidize inherently unprofit­
able information centers in remote or low-density 
areas. In low-density areas, simple information 
centers (of the Vermont type) could be erected and 
maintained by the cognizant highway agency. Al­
though manned information centers have proved effec­
tive in a number of states, these do not appear to 
be an economically feasible alternative , given the 
number of information centers that would be required. 

The three-level system described above would 
satisfy a considerable number of information needs i 
it would not satisfy them all. The differences 
would have to be made up by the use of hard-copy 
information sources, which could be used for both 
pretrip planning and in-trip use. A responsible 
government agency must take a leading role in man­
aging and supervising this information system and 
must assume the responsibility for seeing that such 
hard-copy information sources are available and 
accurate. The Illinois-type service directory is an 
example of what can be done. 

System Used for Primary Highways 

For the primary highway system, first-level needs 
can be handled by a combination of visual observa­
tion and small logo signs of the trail-blazing 
type. These information sources would also be used 
for the lead-out signing from ramp termini. For 
service facilities located on the secondary highway 
system and not directly visible from the primary 
system, Vermont-type official business signs are 
recommended. 

Second-level and specific service information 
needs for the primary system would be s a tisfied by 
information centers. A mixture of p riva t ely and 
publicly operated facilities should be used. In 
high-density tourist areas, these information cen­
ters could be of the manned type operated by a local 
chamber of commerce or similar agency. Provisions 
would have to be made for times when the information 
center is closed. 

As can be seen, all these recommended techniques 
operate on the visual channel. The only audio 
medium included is the telephone, which is an inte­
gral part of information centers. Audio media were 
excluded as a primary source because the visual 
channel has traditionally been the main portion of 
all highway information systems, the audio channel 
requires receiving , equipment in every vehicle in the 
traffic stream, and information missed on the audio 
channel cannot be recaptured nor can the receiving 
rate be slowed down. 
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Comparison of Truck and Passenger-Car Accident Rates 

on Limited-Access Facilities 

WARRENS. MEYERS 

A lack of verifiable exposure data (vehicle miles of travel) for passenger cars 
end uucks has mode comparisons of their accident rates suspect. Such com· 
parlsons oro ~rticu l;irly important at th i~ t lmo becnllsa of the currerit trend 
toward longer and heavier trucks that travel alongside smaller end tighter 
automobiles. In response to the weaknesses in the existing accldont·rote data, 
a nationwide survey of occident rates was mode of tho 1976 through 1978 
accident experience for 34 limited-access facilities. Those lnl)!udod 21 toll 
expressways and turnpikes and 13 bridges and tunnels for which accurate 
nxpo•ure figures could be obtained. The results show that fatal ae1:ldent rates 
for light and heavy truoks on expre11ways wore slonificantly greator than that 
for passenger car$: tho rate tor light trucks was 135 percent greater than that 
for passengers cars and that for heavy trucks was 110 percent greater. The 
Injury accident rate for light trucks was 66 percent greater then that for 
p1monger cari, whareos the injury accident rate for heavy trucks was 37 per· 
cent higher compared with that for passenger cars. Tho overall e~pressway 
accident rates for light and heavy trucks exceeded that for pa11engor cars 
by 72 percent and 58 percent, respectively. For the bridges and tunnels, 
overall accident rates for light and heavy trucks wore seven and four times 
greater than that for the average passenger car. 

The American Automobile Association (AAA) Foundation 
for Traffic Safety and the Automobile Club of New 
York undertook a study of the accident potential of 
the big truck and its impact on the safety of motor­
ists. The study was conducted in part because of 
motorists ' long-standing concern about the safety of 
the bi g truck . Motorists report tha t th~y are in­
timida t ed by the size of rna ny trucks and alarmed by 
the wi nd f o rces created whe n t he l arge rigs pass 
their c ars o n t he highway. They a lso compl ain that 
many trucks tailgate on the highway. 

Based on the record, the motorists' concern would 
appear to be justified. Consider, for example, the 
fact that for every truck driver who dies in a col­
lision with a passenger vehicle, 32 automobile occu­
pants are killed (ll· 

In addition, prevailing statistir.R indicate that 
trucks are increasingly involved in fatal acci­
dents. In 1975, for example, trucks that had gross 
vehi cle we ights o f more t han 10 000 l b accounted for 
1 i n 16 vehicles i1wo lved i n a fatal accident . By 
1978, these trucks were involved in 1 of 12 fatal 
accidents (_~) • 

It became rather evident from a review of the 
truck safety li t era t u r e that the information avail­
able on the acc ide nt-involvement rates of large 
trucks was relatively limited, highly suspect, and 
unsuitable to factually establish the magnitude of 
the truck safety problem. 

The major weakness f ound was the diff iculty in 
obtaining accurate and verifiable measures of ex-

posure by federal and state agenc ies . Because t he 
p r actice i n de t ermin ing the re l a t i ve safe ope r at ing 
e xperience of different types of vehicles i n the 
t raffic st r e a m is t o p r esent t he ac ciden t expecience 
in te r ms of a n e xposu re rate [ the number of vehic le 
miles of travel (VMT)], the data available were 
inconclusive since they are based on e s t imates of 
vehicle e xposure , no t fac tual r ecording s . 

For e xa mpl" , a ce view o f the ;iccident rates p11h­
lished by t he Na tional Hi ghway Tr aff i c Sa fety Admin­
istration (NHTSI\), de r i ved f rom the Fatal Accident 
Reporting System (FARS) data, demonstrated these 
concerns. Although the number of pe r sons killed in 
car or t ruck accidents is accurately tall ied and 
probably represen t s t he most r e l iable f i gures a vail­
able on f atal t ruck accide nts , the exposure informa­
tion used to calcula t e the fa tal a cciden t r a tes for 
cars a nd t r uc ks wa s based on gross es tima t e s of 
mileage. The s e were derived from such t ypes of data 
as r egional gasolim: sales , vehi c le r eg is t rat ions, 
and national s tud i es o f driving habits . This type 
of situation is r ecur ring a nd accord i ng l y renders 
much of the cu rce ntly a vai l abl e highway accident­
rate inf ormation unsuitable to formulate the basis 
for any d iscussion of t he i mpact of t r ucks o n high­
way safety. 

A review of the trnck accident data collected by 
the Bureau of Motor Carrier Safety also revealed 
problems. Their accident records are limited to the 
self-reporting by regulated car r i er"S involved in in­
terstate commerce, whereas the exper i ence of unregu­
lated intrastate trucks is overlooked and not repre­
sented in the bureau's accident statistics. 

As a res u l t, the consensus of the literature 
search was that the problem wi t h the data available 
from the federal government and other agencies is 
that the inf ormation provided on exposure--the po­
tential for an accident--was l a rgely an estimate 
made without adequate data. The problem of big­
t ruck s afe ty could not then be effect i vely ap­
proached until it could be factually established 
that the b i g truck is actually disproportionately 
involved in traffic acci den t s. In othe r words, i n 
order to gain support for improving the safety of 
the big truck, it must f irst be documented t hat the 
big truck is i n fac t unsafe. 

In an effort to provide national stati stics, the 
AAA foundation called on local AAA clubs to assist 
in the collection o f e xposure a nd accide nt data for 
controlled-access facilities for which the on and 
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Table 1. Expressway and turnpike Accident Rate/JOO Million VMT" overall accident rates. 

Passenger Cars Light Trucks Heavy Trucks 

Facility 1976 1977 1978 1976 1977 1978 1976 1977 1978 

California 
Interstate 15 N/A so.ob N/A 48.0b N/A 88.0b 

Florida 
Florida's Turnpike 47.6 64.4 81.2 67 .5 33.0 85.3 106.5 66.0 111.7 
Airport Expressway 172.3 228.8 292.6 208.6 489.2 359.6 1725.8 2329.6 3249.0 
East-West Expressway 187.6 214.7 216.1 201.5 251.2 167.2 1389.9 1900.3 1157.8 
Everglades Parkway 537.2 595.3 682.7 350.9 443.I 359.1 236.6 292 .7 520.5 
West Dade Expressway 45.2 63.I 60.3 30.0 45.1 23 .9 41.1 35.4 66.9 

Illinois Turnpike 174.4 192.6 N/A 380.2 368.5 N/A 129.7 135.8 N/A 
Kansas Turnpike 94.2 116.2 127.8 270.0 316 .1 365.7 162.2 180.8 205.1 
Kentucky 

Bluegrass Parkway 92.5 114.7 84.5 195.4 215.4 180.4 130.9 123.3 81.3 
Cumberland Parkway 52.2 66.0 90.6 59 .3 170.3 74.5 65.6 35.8 51.3 
Daniel Boone Parkway 195.6 119.3 220.3 242.7 255.0 420.2 136.4 155.8 145.4 
Green River Parkway 90.0 117.6 106.l 36.8 186.7 103 .5 52.0 106.6 107.4 
Purchase Parkway 114.2 121.9 118.9 323.0 196.8 174.7 107.8 146.7 68.1 
Mountain Parkway 104.2 122.5 107.9 331.4 447.2 377.9 206.5 182.9 121.2 
Pennyrile Parkway 192.6 195.4 216.l 324.5 228.6 304.7 88.3 267 .0 208.2 
Western Kentucky Parkway 94.6 103.l 106.8 131.2 169.9 220.4 83.3 151.6 111.6 

Ohio Turnpike N/A 112.4 109.5 N/A 225 .6 238.l N/A 207.8 197.1 
New Jersey Turnpike 61.6 72.5 69.4 _c _c -c 165.oc 201.2c 234.7c 
New York State Thruway 101 .od 88.0d 221.8d 
Pennsylvania Turnpike 63.9 76.1 88.3 -c -c _c 37.oc 42.5c 47.2c 
West Virginia Turnpike 97.l 128.0 105.0 851.6 376.7 530.3 71.4 174.7 241.5 

Note: N/A =not available. 
Qlnclude1 propotl)'·da.11U1go, Injury, and f'11"1 b'Ccidents. 
bt 9?7 and 1978 dnt11 w"rc c9tnbincd and aro listed under 19'1?. 
C!Llght 11.nd .he.avy tru ck d11ID were combined. 
d 19?6. 1977, 11nd 1978 data Wtte comb1.nod. 

off movements of vehicles (both passenger cars and 
trucks) were documented by toll-collection records. 
By using a controlled environment, both the exposure 
and accident experience could be accurately deter­
mined for all vehicles on the highway 1 a valid com­
parison of the safety record of the various types of 
road users was thereby produced. 

The subsequent response by AAA clubs provided 
data on the VMT and the number of accidents for each 
vehicle class for highways, bridges , and tunnels 
across the country; this study encompasseQ a repre­
sentative mix of rural and urban facilities from al­
most every region of the United States. 

STUDY METHOD 

The data used in the foundation 's study were ob­
tained from agencies responsible for the day-to-day 
operations o f controlled-access toll highways, 
bridges, and tunnels. As mentioned previously, con­
trolled-access toll facilities were used because the 
on and off movements of all vehicles are precisely 
known and because of the assured availability of ac­
curate accident statistics. 

The total VMT on a highway represents what is 
commonly referred to as exposure, and when these 
historical mileage data are related to the number of 
vehicles involved in accidents, the resulting ex­
pression is a vehicle accident involvement rate, 
that is, tbe number of vehicles in accidents for a 
specified distance o ·f travel. 

For purposes of this study and consistent with 
accepte d practices, accident rates are expressed as 
the number of vehicle accident involvements per 100 
million VMT. 

The accident information provided the number of 
vehicles by type that used the facility, their ex­
posure, the number of vehicles involved in acci­
dents, and the type of accident (whether they in­
volved property damage, resulted in injuries , or 
produced a fatality) . The data covered the years 
1976 through 1978. 

The three broad categories of vehicles investi­
gated were passenger cars, light trucks (those that 

weighed 10 000-26 000 lb), and heavy trUJ::ks (vehi­
cles more than 26 000 lb) • 

The overall accident rates reported in this study 
include property-damage, in)ury, and fatal acci­
dents. In the calculation of the injury accident 
rate, accidents that involved both injuries and fa­
talities were included. 

The accident data provided in Tables 1-4 per­
mitted an analysis of 2 . 3 billion vehicle trips that 
covered 49.l billion vehicle miles and 73 500 truck 
and passenger-car accident involvements. 

The accident rates for controlled-access highways 
were evaluated separately from those for bridges and 
tunnels because of suspected differences in traffic 
operating characteristics between the two types of 
facilities. As a result, the conclusions of the 
study are based primarily on information from the 
controiled-access highways because the exposure in­
formation was predominantly for that type of facil­
ity ( 91. 2 percent of the exposure was for express­
ways versus a.a percent for bridges). 

RESULTS 

Because the data collected and analyzed i n connec­
tion with this report were based on reasonably ac­
curate exposure and accident data, the conclusions 
that have been drawn would likewise have greater ac­
curacy than many of the statistics that have been 
reported in the past. 

The analysis shows that, for whatever reason, 
light and heavy trucks are disproportionately in­
volved in traffic accidents as compared with passen­
ger cars. 

The fatal accident rates for controlled-access 
expressways are provided in Figure l and show that 
the fatal accident rates for light and heavy trucks 
were significantly greater than tnat for passenger 
cars. On the average, light trucks were involved in 
2.35 times more fatal accidents than were passenger 
cars for the same distance traveled. Heavy trucks 
were also found to be overinvolved; there were 2.10 
times more fatal accidents for heavy trucks than for 
passenger cars for the same exposure. 
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Table 2. Expressway and turnpike 
injury accid~nt rftt"!. Accident Rate/100 Million VMT" 

Passenger Cars Light Trucks Heavy Trucks 

Facility 1976 1977 1978 1976 1977 1978 1976 1977 1978 

ralifnrnia 
Interstate 15 [Data provided did not include specific information on injury accidents.] 

Florida 
Florida's Turnpike 17.9 24.0 29.0 20.5 18 .1 16.1 31.9 19.9 37.2 
Airport Expressway 74.9 85.4 115.9 94.8 139.8 205.5 246.5 582.4 o.ob 
East-West Expressway 66 .3 72.5 74.3 52 .6 91.4 83.7 198 .6 532.9 463 .1 
Everglades Parkway 212.6 239.5 319.8 184.3 175.4 127.7 84.7 128 .8 178 .8 
West Dade Expressway 17.5 22.5 22.9 4.3 14.l 4.3 6.9 IO.I 14.9 

Illinois Turnpike 48.5 52.3 N/A 86.1 87.l N/A 30.8 28.4 N/A 
Kansas Turnpike 42 .5 50.5 52.4 109.7 128.l 108.6 56.2 76.0 78.6 
Kentucky 

Bluegrass Parkway 31.2 40.4 16.0 65.1 123 .1 30. l 20.2 47.4 45.1 
Cumberland Parkway 18.3 24.5 22.7 59.3 42 .5 0.0 43.7 17.9 51.3 
Daniel Boone Parkway 65 .2 63.3 96.0 80.9 0.0 224.l 0.0 72.2 66.l 
Green River Parkway 24.7 33 .6 17. 1 36.8 0.0 34.5 31.2 26.7 49 .6 
Purchase Parkway 14.8 36.1 63.5 107.8 98.4 87.3 26.9 62.9 0.0 
Mountain Parkway 45.9 49.5 40.4 165.7 201.3 133.4 82.6 77.0 30.3 
Pennyrile Parkway 81.4 64.6 68.6 144.2 65 .3 60 .8 40.8 102.7 44.0 
Western Kentucky Parkway 27 .5 30.9 35.4 18.7 34.0 50.9 36.4 40.4 31.2 

Ohio Turnpike N/A 40.8 36.3 N/A 91.2 67.6 N/A 67.2 62 .1 
New Jersey Turnpike 23.6 24.5 24.4 _ c _c _c 55.0c 66.2c 7 l.7c 
New York State Thruway 26.oct 19.oct 54.8d 
Pennsylvania Turnpike 25 .2 25.1 26.6 _c _c _c 38.8c 45.oc 50.0c 
West Virginia Turnpike 40.4 73.4 50.4 310.9 235.4 85.4 46.1 85.4 120.8 

Note: N/A =not available. 
a1ncludes injury and fatal accidents. 
bua1u. provided 111.ro quc4tlt.1n111bh:i .. 
CU ghc nnd hcictY)' truck data wen~ comhln~d. 
ll t 976 , 191'1, and 1978 dflla \\ICrci combined. 

Table 3. Expressway and turnpike 
Accident Rate/100 Million VMT3 

fatal accident rates. 

Passenger Cars Light Trucks Heavy Trucks 

Facility 1976 1977 1978 1976 1977 1978 1976 1977 1978 

California 
Interstate 15 N/A 4.o• N/A 3.23 N/A 8.o• 

Florida 
Florida's Turnpike 0.3 0.7 1.3 2.0 0.0 4.6 1.0 1.4 3.2 
Airport Expressway 2.6 1.8 2.5 0.0 0.0 0.0 0.0 0.0 0.0 
East-West Expressway 0.3 0.5 0.3 0.0 0.0 0.0 0.0 0.0 0 .0 
Everglades Parkway 3.1 4.5 6.3 0.0 0.0 16.0 4.7 17.6 15.8 
West Dade Expressway 0.4 0,5 0.6 0.0 0.0 0.0 0.0 0.0 0 .0 

Illinois Turnpike 0.9 1.2 N/A 2.5 1.4 N/A I.I 0.9 N/A 
Kansas Turnpike 2.7 1.7 2.3 5.9 8.5 7 .9 0.0 8.7 2.3 
Kentucky 

Bluegrass Parkway I.I 0.0 0.0 0.0 0.0 0.0 IO.I 0.0 0.0 
Cumberland Parkway 2.6 4.9 2.3 0.0 0.0 0.0 0.0 0.0 0.0 
Daniel Boone Parkway 2.6 7.3 10.9 0.0 0.0 56.0 0.0 0.0 13.2 
Green River Parkway 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 24.8 
Purchusc Purkway o.o 0.0 4.0 0 .0 0.0 87.3 o.o 0.0 0.0 
Mountain Parkway 1.0 4.0 3.8 0.0 22.4 44.5 0.0 9.6 0.0 
Pennyrile Parkway 12.5 1.4 0.0 0.0 0.0 0.0 13.6 0.0 0.0 
Western Kentucky Parkway 2.8 2.8 2. 1 0.0 17.0 0.0 0.0 0.0 0.0 

Ohio Turnpike 1.0 1.2 0.8 0.0 3.0 1.0 3.0 3.9 2.0 
New Jersey Turnpike 0.6 0.5 0.4 -b _b -b 3.0b 2.2b 2.7b 
New York State Thruway 1.oc 1.oc 2.Sc 
Pennsylvania Turnpike 0.3 0.5 1.0 _b - b -b l.8b 2.5b 2.8b 
West Virginia Turnpike 6.7 12.5 11.0 13.5 94.2 32.5 11.5 2.0 29.8 

Note: N/A =not available. 
a1977 and 1978 accident data were combined and are listed under 1977. 
bLight and heavy truck data were combined. 
Ct 976, 1977, and 1978 accident dotn worn oombined. 

The dramatically disproportionate invol vement of 
light and heavy trucks in fatal accidents can be at­
tributed to the fact that when big trucks were in­
volved, the results unfortunately were not just 
property-damage accidents but instead fatal acci­
dents. 

As shown in Figure 2, light trucks were involved 
in 1.55 times more injury accidents than were pas­
senger cars , whereas heavy trucks were involved in 
1.37 times more injury accidents than were passenger 
cars. 

The overall a ccide nt-involvement ra t e presented 
in Figure 3 shows that, compared with passenger 
cars, light and heavy trucks were involved in 1. 72 
and 1.58 times more accidents, respectively, than 
were cars. Light trucks and heavy trucks were thus 
involved in 72 and 58 percent more accidents, re­
spectively, than were passenger cars for the same 
distance traveled under the same driving conditions. 

Figure 4 shows that, whereas all trucks account 
for only 20. 3 percent of the highway exposure (a 
product of the number of vehicles and the miles they 



Transportation Research Record 808 51 

Table 4. Bridge and tunnel overall and injury accident rates. 

Passenger Cars Light Trucks Heavy Trucks 

Facility 1976 1977 1978 1976 

Bridge and Tunnel Overall Accident Rate/ 100 Million VMT" 

California 
Curquinez Bridge, Solano County 189.I 127.9 168.2 0.0 
Golden Gate Bridge, San Francisco 155.3 178.7 170.8 849.8 
San Franclsco·Onkland Bay Bridge 191.4 186.3 200.0 202.0 
San Mateo Bridge 78.5 74.I 85.1 243.9 

Delaware 
Delaware Memorial Bridge 117.7 95.8 99.4 408. I 

Ao rid a 
Warren Bridge 361.8 511.1 632.3 206.2 

Maryland 
Baltimore Harbor Tunnel 379.3 276.9 274.6 _b 

New York 
Bronx Whitestone Bridge N/A 225.0 233.0 N/A 
George Washington Bridge 861.0 1054.0 1057.0 2690.0 
Throgs Neck Bridge N/A 186.0 172.0 N/A 
Triborough Bridge N/A 253.0 242.0 N/A 
Verro:iano Narrows Bridge N/A 187.0 199.0 N/A 

Virginfo 
Chesapeake Bay Bridge and Tunnel 101.4 159.6 161.5 -b 

Bridge and Tunnel Injury Accident Rate/JOO Million \IMT 

California 
Cllrquinez Bridge, Solano County 55 .9 64.0 44.9 0.0 
Gold<m GateBridgc, San Francisco 29.3 34.8 38.6 255.0 
San Francisco·Oakland Bay Bridge 68.3 70.6 72.0 40.4 
San Mateo Bridge 36.7 25 .5 36.8 0.0 

Delaware 
Oolaware Memorial Bridge 26.4 23.3 24.5 N/A 

Florida 
Warren Bridge 99.5 163.9 273 .7 0.0 

Maryland 
Baltimore Harbor Tunnel 83.3 65.3 68.3 -c 

New York 
Bronx Whitestone Bridge N/A 53 .0 73.0 N/A 
George Washington Bridge 105.0 121.0 136.0 247.0 
Throgs Neck Bridge N/A 43.0 42.0 N/A 
Triborough Bridge N/A 78.0 68.0 N/A 
Vurrauno Narrows Bridge N/A 54.0 54.0 N/A 

Virginia 
Chesapeake Bay Bridge and Tunnel 40.6 61.4 61.4 _c 

Note: N/A =not available. 
ll lne1udes ptopen y·damagc and injury llCcldents. 
bLigJ11 11nd hon.vy truck dra to woro comblmad. 
CIUght and heavy lt llck dalo were combined. 

Figure 1. Fatal accident rates for controlled-access expressways. 
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traveled), t he y represented 35. 3 percent of the ve­
hicles invol ve d in fa tal accidents. 

More ove r, Fig u re 5 shows that , al t houg h l ight and 
heavy trucks made up 2 9 p erce nt o f a ll the vehi cles 
invo lved i n accidents , t hey were i nvol ved i n more 
than o ne-t hird of t he fatal a cciden ts . 

The a na lysis also s howed that , although 1 in 85 
car accid e nts is fata.1 , l in 6 3 he avy-t ruck acci­
den ts results in a fa t a lity . 'rh i s s uggests the ef-

1977 1978 1976 1977 1978 

378.5 1383 .6 838.9 1355 .0 1500.6 
951.5 1267.9 4732.8 3702.7 4481.4 

80.3 316.8 2543.6 2893.6 2360.5 
548.5 172.5 1058.8 1074.8 945 .7 

302.1 626.6 170.7 205 .0 214.2 

873.4 292.2 429.6 315.4 519.0 

-b -b 13 16.7b 897 .sb 886.4b 

3864.0 3017.0 N/A 4147.0 4049 .0 
3368.0 3024.0 2238.0 33 16.0 3121.0 
1155.0 858 .0 N/A 2826.0 1982.0 
2381.0 2379.0 N/A 3036.0 2933.0 
1564.0 151 6.0 N/A 1554.0 2938 .0 

_b -b 188.lb 283.Sb 325 .6b 

0.0 691.8 0.0 338.7 300.l 
173 .0 338 .1 364.I 0.0 344 .7 
40.2 79.2 514.8 661.8 442.6 

274.2 86.3 302.5 286.6 337.7 

151.1 289.2 22.2 29.3 35 .7 

249.5 146.l 0.0 0.0 0.0 

-c _ c 246.lC 180.2° 123 .6c 

601.0 670.0 N/A 444.0 675.0 
124.0 182.0 90.0 104.0 96.0 
495 .0 241.0 N/A 491.0 375 .0 
729.0 870.0 N/A 479.0 800.0 
512.0 497.0 N/A 473.0 1079.0 

-c -c 47.0c 87 .2c 101 .7c 

Figure 2. Injury accident rates for controlled.access expressways. 
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feet of a t ruck's substantially greater size and 
weight on acc i d e n t severity. 

The number of trucks involved in fatal accidents 
wa s also f ound to have risen dispr oportionately whe n 
c o mpared wi th i ncreases reported f or t ruck expo ­
su r e . This is s ho wn in Fi g u r e 6 , which illustr ates 
tha t betwe e n 1976 and 1978, truc k e xpo s u re inc r eased 
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Figure 3. Overall accident rates for controlled-access expressways. 
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Figure 4. Fatal truck accidents in relation to vehicle exposure. 
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Figure 5. Fatal truck accidents in relation to all truck accidents. 
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by SB percent, whereas fatal truck accidents on the 
highways studied increased by a staggering 96 per­
cent. 

Accident rates for the toll bridges and tunnels 
in the study are provided in Figure 7 and show that 
the differences in the overal l accident rates for 
light and heavy trucks compared with those for the 
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Figure 6. Changes in truck accident involvement, 1976-1978. 
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Figure 7. Overall accident rates for bridges and tunnels. 
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passenger cars were e ven greate r than t hose for 
expressways. On the a verage, light trucks were in­
volved in 6.7 times more accidents than were passen­
ger cars for the same distance traveled. Heavy 
trucks were found to be involved in 3. 9 times as 
many accidents as were passenger cars for the same 
exposure. 

As shown in Figure B, light trucks were involved 
in 5.8 times more injury accidents than were passen­
ger cars for the bridges and tunnels, whe rea s heavy 
trucks were involved in 2.3 times the number of in­
jury accidents for the same distance tra vel ed. 

The overall bridge and tunnel accide nt rates for 
light and heavy trucks were 10.4 and 6.7 times 
greater, respec tively, than those for expressways. 
The accident rate for passenger cars for bridges and 
tunnels was, on the other hand, only 2.7 times 
greater than that for expressways. 
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Figure 8. Injury accident rates for bridges and tunnels. 
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The find i ngs may be summarized as follows: 

l. The fatal accident rate of trucks is more 
than two times greater than the accident rate for 
passenger cars f o r the same exposure on the highway . 

2 . Other accident rates for light a nd heavy 
trucks , which i nclude inju r y and property-damage ac­
cidents , are also d isproportionately greater com­
pared wi th those for passenger cars for the same 
dis tance t r aveied under identical cond itions . 

3. Big trucks are involved i n a significantly 
greater sha re o f fatal accident s than might be ex­
pected for their mileage and population on the high­
way. 

4 . A substantially higher number o f truck acci­
dents resuit i n a fa t ality than do passenger-car ac­
cide nts , which suggests that the trucks' size and 
weight influence accident severity. 

S. As the VMT of t he big truck increases , there 
has been a disproportionate i nc r ease in fatal truck 
a ccident involvements . 

6 . Although t r ucks now account for 20 percent of 
t he vehicle exposure on expressways and t u rnpikes , 
they are involved in 35 percent of the fatal acci­
dents . On s ome major thoroughfares, such as the 
Pennsylvania , Ohio , and New Jersey Turnpikes , about 
SO percent of all fatal accidents involve a truck. 

CONCLUSIONS 

This study presents , perhaps for the first time , ac­
cident rates based on accurate exposure data that 
document the serious overinvolvement o f trucks in 
t raffic accidents . The results are based o n acci­
dent a nd exposure data that have been provided f o r 
facilities t hat make. up what are generally regarded 
as the na.tion' s safest highways . 

Al.though the study obviously can only account for 
t he traf f ic mix as it currently prevai ls , the si tua­
t ion can only be expected to worsen as t he disparity 
between weig ht and size of the passenger car and the 
truck continues to increase . 

Unfortunately, there is every indication that the 
fu ture will present a bleak picture fo r the motor ing 
public . Because of the concern about fuel economy, 
au tomobiles are getting s maller and lighter, whereas 
trucks are getting bigger and heavier . 

I n addition to the growin9 dispropor tion i n size 
and weight of the traffic mix , the numbe r of large 
vehicles in the traffic stream has grown rapidly in 
recent years . In 1977, trucks carried t hree times 
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the number of ton miles of intercity freight as they 
did in 1950 (}). 

As a result , all this would seem to indicate that 
as far as big-truck safety is c oncerned, the worst 
is yet t o c ome • 
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Discussion 

John Brennan 

The stated purpose of the paper presented by Meyers 
of AAA was to determine whether large trucks were 
involved in a disproportionate number of accidents. 
At the outset , Meyers criticized the practice of us­
ing estimated vehicle miles as opposed to known 
levels of exposure for each vehicle group in ques­
tion. Thus the AAA foundation set out to collect 
actual numbers of vehicle miles and accident occur­
rences. From that point on, the Meyers study ap­
pears to rely on selective, incomparable, and even 
estimated data. 

By confining· the inquiry to toll roads, Meyers 
focuses on only one particular roadway type. Origi­
nally, 52 facilities were to be analyzed, and these 
were broken down into expressway, turnpike, bridge, 
and tunnel facilities. However, the objectivity of 
the data from 18 facilities was questionable and as 
a result not used. From the remaining 34, Meyers 
narrowed the analysis to 21 facilities after exclud­
ing bridges and tunnels due to their operational 
uniqueness. Beyond asserting that the original 52 
facilities encompass a representative mix of high­
ways in rural and urban areas, the degree to which 
these remaining 21 road segments represented the 
situation on all toll roads, let alone all roadways, 
was not examined. 

Some criticisms of Meyers' study result from our 
effort at the American Trucking Associations (ATA) 
to trace through the data selected for the study and 
to validate the conclusions. In the course of this 
checking, we contacted each of the toll facilities 
recognized in the Meyers study. The Illinois State 
Toll Highway Authority wrote us that they had given 
the AAA figures that were used to calculate accident 
rates. However, the Illinois authority was unclear 
as to how their figures could be used to calculate 
accident rates for specific vehicle classes because 
Illinois does not collect vehicle miles by various 
classe s of vehicles. Similarly, the New York State 
Thruway Authority responded to our inquiry with a 
copy of their letter to the Automobile Club of New 
York that stated that their data-coll ection system 
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precludes determination of vehicle mileage by vehi­
cle type or class . 

Even tor toll facl lities thal tlid record mi le11 by 
vehicle class, the data were presented only in the 
form of accident rates. By banning the actual num­
bers from the study, Meyers' position mlghl be mis­
leadinq interpretations of the accident situation. 
An example of this is illustrated by the results 
Meyers cited for the Bluegrass Parkway in Kentucky 
(Table 3). The only fatal accident rate for trucks 
for that facility was 10.1/100 million VMT in 1976. 
Yet, that rate is based on one fatal truck accident 
for 9 934 306 VMT. This single accident was the 
only fatal heavy-truck accident on that facility 
during the t hree y ears covered by the study . In ad­
dition, 6 of the 21 turnpikes had no fatal truck ac­
cidents during any of the three years. 

Given the facts in our discussion, the heavy­
truck accident situation does not appear to compare 
with Meyers' study . In our opinion, the c onc lusions 
reached in Meyers ' study are not represe nta t i ve of 
the heavy-truck accident situations throughout the 
country. 

Author 's Closure 

This study was undertaken to make comparisons of the 
accident rates of trucks and passenger vehicles 
traveling under the same conditions on the same 
highways. Further, in order to get actual mileage 
figures and avoid any criticism that has been made 
in the past, toll-road information was collected 
from a total of 54 turnpike, bridge, and tunnel fa­
cilities because of the accuracy in the statistics 
available from these types of facilities from the 
standpoint of miles traveled, accidents, and types 
of vehicles on the road. The data were refined to 
21 turnpikes and 13 bridge and tunnel facilities in 
order to meet the criteria of having unchallengeable 
mileage and accident data for cars and trucks. 

The American Trucking Associations has repeatedly 
scoffed at statistics provided by the Bureau of 
Motor Carrier Safety and other state and federal 
agencies on the basis that the fatal accident rates 
do not consider the true exposure of trucks accur­
ately. It is their contention that trucks travel 
more than cars and that estimatP.s of miles traveled 
based on gasoline sales, vehicle registrations, and 
travel characteristics do not accurately reflect the 
situation that prevails. 

As far as data collection is concerned, no esti­
mates were made in the study--all rates were deter­
mined from actual mileage figures and accident data 
provided by the reporting agencies. The toll au­
thorities were specifically requested to provide the 
number of vehicles of each class involved in 
property-damage, injury, and fatal accidents as well 
as the mi les they traveled. In this connection, in 
correspondence dated May 16, 1980, from their traf­
fic engineer, the Illinois State Toll Highway Au­
thori ty provided the actual number of VMT and the 
number of vehicles involved, by type, in fatal, in­
jury, and property-damage accidents f rem which ac­
cident rates reported in my paper were determined . 
In essence, the Illinois State Toll Highway Author­
ity complied with the request for specific informa­
tion as described previously. 

Similarly, in the case of the New York State 
Thruway Authority, a spec ial printout that provided 
the volumes of each vehicle class that traveled from 
interchange to interchange for both directions of 
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the toll-ticket portion of the Thruway was ob­
tained. The traffic volumes between interchanges 
were multiplied by the exact dis;tanc,. 1:i .. t.w,.Pn PACh 
two interchanges, which provided a measure of the 
VMT for each vehi.-le class. The procedure was suc­
cessively repealed for the entire length of the 
toll-ticket portion of the Thruway until a total 
measure of VMT for each vehicle class was obtained. 

One indication that the data used were not selec­
tively chosen is the fact that on six of the turn­
pikes included in the study, no fatal accidents were 
reported for trucks and the fatal accident rates for 
trucks were (as might be expected) zero. However, 
it is important to note that the inclusion of these 
six facilities did not significantly change the 
overall outcome of the study because the truck mile­
age for these six facilities represented only 3.8 
percent of the total truck exposure for all turn­
pikes. 

Accident and fatality rates are commonly accepted 
measures by the engineering community for compari­
sons of accident involvement. This practice relates 
the number of accident involvements by type for a 
specified distance of travel, generally 100 million 
VMT. The study abided by that practice and pre­
sented truck as well as passenger-vehicle accident 
experience e xpressed as a rate in order to permit 
direct compar i sons of the accident i nvolvement for 
the two type s of vehicles . 

In short , this study is based on accident rates 
calculated on actual miles traveled (not estimates) 
for trucks and passenger vehicles for the same high­
way environment. 

Discussion 

Paul Ross 

Meyers calculates the truck accident rates on 34 
toll facilities for which the VMT by each type of 
vehicle are quite accurately known. This calcula­
tion shows that trucks are involved in a greater 
percentage of the accidents than their proportion of 
the total VMT, from which the conclusion is drawn 
that trucks have a greater accident risk than do 
other vehicles. 

This conclusion seems valid if only single­
vehicle accidents are reported, since the exposure 
of vehicles to single-vehicle accidents is clearly 
proportional to their miles of travel. However, 
Meyers is silent as to accident type and it is not 
unreasonable to assume that all accidents--single­
vehicle and multiple-vehicle--are included. The ex­
posure of vehicle types to multiple-vehicle acci­
dents is not proportional to their VMT as may be 
seen by a simple example. 

We take the distribution of VMT as given in Fig­
ure 4, namely, 3.2 percent light trucks and 17.1 
percent heavy trucks, which leaves 79.7 percent non­
trucks. Assume that all vehicle types are i dentical 
in accident potential. With two-vehicle accidents, 
we would expect the 3. 2 percent of the light-truck 
traffic to hit another light truck 3.2 percent x 3.2 
percent = 0.10 percent of the time. Similarly a 
light truck should hit a heavy truck 3. 2 percent x 
17.1 percent = 0.547 percent, and light trucks 
should be hit by heavy trucks in 1 7 .1 percent x 3. 2 
percent = 0.547 percent of the two-vehicle acci­
dents. The total number of accidents involving 
light trucks and heavy trucks should be about 1. 09 
percent of all two-vehicle accidents. Similarly, if 
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we allow for the times that a light truck hits one 
of the 79. 7 percent of the vehicles that are not 
trucks or is hit by one of these vehicles, we should 
expect about 5.10 percent of all two-vehicle acci­
dents to involve a light truck and a nontruck in one 
way or a no ther . The total involvement of light 
trucks in two-vehicle accidents should be about 6.29 
percent, which is not significantly different from 
the 6. 2 percent of fatal accidents reported in the 
paper but somewhat greater than the 5.0 percent of 
all accidents actually attributed to light trucks. 

There is a general formula for the expected dis­
tribution of types in n-vehicle collisions. If A, 
B, c, ••. represents vehicle types and a, b, c, ••. 
represents their relative proportions in the traffic 
stream, the expected fraction of collisions of vehi­
cle types XYZ ••• is the coefficient of XYZ ••• when 
the expression (aA + bB +cc+ ••• )n is multipl ied 
out. If we work out the expected distr i bu tion of 
two-vehicle accidents by using the VMT distribution 
given in Figure 4, we get the following: 

Vehic les in Accident Distribution (%) 

Light truck-light truck 0.10 
Light truck-heavy truck 1. 09 
Light truck-nontruck 5.10 
Heavy truck-heavy truck 2.92 
Heavy truck-nontruck 27.26 
Nontruck-nontruck 63.52 

We see that light trucks, heavy trucks, and non­
trucks should be e xpected to be involved in 6. 29, 
31.27, and 95.88 perc ent , respectively, of all two­
vehicle accidents. Meyers reports that light trucks 
were actually involved in 6. 2 percent of the fatal 
accidents and 5.0 percent of all accidents; heavy 
trucks were involved in 29.l percent of the fatal 
accidents and 24.0 percent of all accidents. If all 
the accident s involved two vehicles , it would appear 
that t r ucks are not signific antly different from 
other vehicles in t heir fa t al accident e xperience 
and are bette r than o ther vehicles for nonfa t al ac­
cidents. However, a firm conclusion on this s ubject 
cannot be reached without knowing what propor t i on of 
the a ccidents were s i ngle-vehicle, two-vehicle, 
three-vehicl e accidents, etc. 

Accident rates cannot be compared (except for 
single-vehicle accidents) simply on the basis of 
VMT, since this always overstates the accident rates 
of individual components of the traff ic stream, es­
pecially those c omponents that cons t itute very small 
proportions of t he traffic stream. For example, 
suppose that ordai ned ministers drove about l per-
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cent of the total vehicle miles. Then t hey c an be 
expec ted t o be involved in almost 2 percent of the 
two-vehicle a ccidents . If in fact ordained minis­
ters were invo lved i n onl.y l. 5 percent o f all t wo­
vehicle accidents, it would indic ate exceptio na lly 
safe behavior on t heir pa r t . A compa rison o n the 
basis of VMT would , nevertheless, make it appear 
that ordained ministers were 50 percent more danger­
ous t han a verage drivers . 

Author 's Closure 

With regard to Ross' s assumption that "all vehi­
cle t ype s a re identical in ac cident potential ," this 
is, unfortunately , a research-class r oom type of sup­
posit ion . The conditio n a ssumed d oes no t exist on 
the r oad : All ve h i c les have varying steering, brak­
ing, and other opera tional c haracteristics and not 
every driver has the same driving p r oficie ncy . Fur­
ther, it is generally recognized t ha t statistical 
probability theory should not be used as a substi­
tute for factual data. 

On t he other hand, Ross may have been misled by 
the l abel ing of Figures 4 and 5 in the preprint 
paper. I hope that any misunderstanding has been 
corrected by the ref ined labeling of Figures 4 and 5 
in thi s paper and t hat this will show more ade­
quate l y t hat the comparisons in these f igures are 
for the perc entage o f vehicles ac tual l y involved in 
the fata l accidents. 
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Relationship of Accident Frequency to Travel Exposure 
WERNER BROG AND BERND KUFFNER 

An at te mpt 15 made to doter111ino the accident risk for ponons who w o variol(s 
modes of tran•portatlon. Tho number of porsons Injured or kill ed In traffic not 
only is calculated in proportion to the total population but also is related to 
three different faotors that pertain to travel exposure: tho number of trips 
made, tho number of kilometers traveled, and the amount of time spont travel· 
ing. The results of a survey done in the Federal Republic of Germany in 1976 
(KONTIVJ were the data base. The survey technique i• shown that was ap· 
piled to uso data on the behavior of individuals on random sampling days to 
determine yearly values for traffic exposure. Tho accident rates for different 
modes vary according to tho factors used to determine traffi c exposure. Thus, 
by using kilometers traveled, tho accident risk Is least for persons who travel by 

car. However, by using number of trips made and ti me spent traveling, the ac­
cident risk is least for pedertrions. The ovaluation shows that the Individual 
accident rate does not give a complete and accu rate picture of accident risk. 
Only tho combined analysis of ell three accident rates can do t his. An in­
crca.sed international exchange of data and experiences that pertain to this sub­
ject would bo desirable. 

In transportation safety research, it is very impor­
tant to ident i fy the accident risks for specific 
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groups of persons as !!'ell as for persons who use 
different modes. Accident rates are an important 
criterion by which to pinpoint the Ldt'J"L gi:oupi5 11t 
which transportation cafety work should be aimed. 
The absolute number of accidents does not show the 
accident rates for specitic groups or modes. In 
ornPr tn dPtermine different accident rates that can 
be used as the measure of the accident risk, differ­
ent statistical indicators of accident risk must be 
taken into consideration. 

STATISTICAL INDICATORS OF ACCIDENT RISK 

The first accident rate is the relationship of the 
number of persons who have had accidents to the 
total population. This correlation makes it possi­
ble to judge the risk tor an average person; it thus 
reflects the general risk of having an accident 
while traveling. 

Another indicator that can be used to determine 
the accident risk is the total travel exposure. 
Total travel exposure consists of the number of 
trips a person has made, the distance traveled, and 
the amount of time spent traveling (1). 

Each of the accident rates for the above indica­
tors is a meaningful measurement of accident risk. 
When combined, they are a good basis for comparative 
evaluations: 

1. The rate of accidents per trip shows the risk 
a person runs when participating in an out-of-home 
activity; 

2. The rate of accidents per kilometers traveled 
shows that the greater the distance is that a person 
travels, the greater the risk is that there will he 
an accident; and 

3. The rate of accidents related to travel time 
is especially useful to measure exposure to risk in 
cases in which (for example, pedestrians) the number 
of kilometers traveled is less important as a risk 
factor than is the amount of time a person is ex­
posed to a potentially dangerous situation. 

Since each of the four accident rates referred to 
above (including the general accident rate for an 
average person) shows only one particular aspect of 
the problem, it is usually advisable to combine all 
four as a basis for forecasting. 

The problem is, however, that the data needed on 
travel behavior are rarely available and, when they 
are available, their quality and precision are often 
imperfect. This paper uses a specific data source 
to attempt to calculate the complete set of the four 
accident rates and to thereby identi..fy accident risk. 

DETERMINATION OF BEHAVIORAL DATA 

Methodological Requirements 

In order to calculate the accident rate, one needs 
data on accidents (in this case, the number of per­
sons injured and fatalities in 1976 in the Federal 
Republic of Germany) as well as data on travel be­
havior. 

Data on traffic accidents is readily available 
from the statistical data on accidents collected by 
local police departments. (However, it is important 
to note that since a certain percentage of accidents 
are not reported, the actual number of persons who 
have had accidents is larger than the number re­
corded in the statistical records.) 

Although fairly accurate statistical data are 
thus available for accidents, this is not the case 
for data on travel behavior. If surveys that col­
lect data on travel behavior are to be valid, they 
must meet certain minimal aualitative requirements. 
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However, the question of the validity of the survey 
method is frequently neglected (ll. Although it is 
not posslbh• l.:o ai.,..,111\R hP.rc all the possible 
sources of error that result from the use of inade­
quate methods (]_), the following list (which in­
clude,; lhe most important prcrequisi tes for the "nl -
lection of valid data on out-of-home activity 
patterns) gives some idea of what to look for in a 
survey (_i): 

1. The entire activity pattern of the inter­
viewees must be recorded. Thus, all trips, includ­
ing pedestrian trips, must be registered <2l· 

2. The interviewee's actual behavior during a 
specific period of time must 'be recorded. If one 
asks persons to report their "average behavior" 
(e.g., when preprinted multiple-choice lists are 
used), the result is that the responses reflect the 
interviewee's subjective self-estimation and not ac­
tual behavior (6). 

3. Only wh~ diarylike techniques are used can 
the problem of subjective self-evaluation be kept to 
a minimum (2). 

4. It is preferable to use written question­
naires to collect data on travel behavior. Oral re­
sponses generally lead t o greater distortions than 
do written questionnaires, and the distortions can­
not be controlled (8). 

5. Every surve -appeals more to some persons and 
less to others. The problem of nonresponse leads to 
a systematic bia-s in survey results that must be 
taken into consideration when the results are pro­
cessed (2_-11) • 

6. Whenever possible, behavior should be contin­
uously recorded over the period of an entire year in 
order to take seasonal differences in traveling into 
consideration <1:1.l· 

Available Oata Sources 

The Continuous Survey of Travel Behavior (KONTIV) 
was used as the basis for the present evaluation. 
KONTIV was conducted at the request of the Federal 
Ministry of Transportation in 19715 and is represen­
tative of the Federal Republic of Germany. In this 
written survey, all out-of - home activities of 54 000 
persons were recorded for 107 000 random sampling 
days throughout an entire year. The survey's return 
rate was 72 percent (_!1) • 

Necessary Corrective Measures 

Although all the conditions necessary to ensure that 
the survey methodology was adequate were complied 
with in KONTIV, corrective measures were nonetheless 
necessary since, when behavioral data are processed, 
a number of factors can influence the quality of the 
survey. In KONTIV, as in all empi r i cal surveys, the 
method of measurement used influences the results of 
the survey, for it is practically impossible to con­
sider simultaneously all the factors that might in­
fluence the results of the survey and to weigh all 
of these factors equally. 

However, this is not necessary. It is possible 
to neglect specific factors if the manner and degree 
to which these factors influence the results are 
known and can be corrected. When corrective mea­
sures are used, it becomes possible to use data on 
individual travel behavior measured on certain ran­
dom sampling days to calculate valid statistical 
universal data such as number of trips made per 
year, number of kilometers traveled per year, and 
amount of time spent traveling per year. 

The final correction of the KONTIV data was done 
in the four steps summarized below (14): 
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1. The basis is the trips that the individual 
made on the day of random sampling. The number of 
trips was then calculated on a yearly basis for each 
individual. For this calculation, the following 
corrections are important: 

a. In surveys that take place on several 
consecutive days, the number of entries in 
the questionnaires falls off after the first 
day. (For the second day, about 4 percent 
fewer trips are reported.) This underreport­
ing is corrected. 
b. In samples where the return rate is less 
than 100 percent, the samples contain a sys­
tematic bias. Special surveys have shown 
that persons who do not respond to surveys 
make fewer trips than those who do respond. 
This insight is used to correct the resulting 
data ( 15) . 

c. Reported length and aistance of trips are 
subjected to systematic errors in estima­
tion. In special surveys, corrective mea­
sures that deal with specific modes of trans­
portation were determined and used to correct 
the data (16) • 

2. As a next Step, the foreign residents who had 
not been included in the survey were considered. 
Other surveys had shown that the travel behavior of 
foreign residents is different from that of Germans 
(17). These surveys were used as a basis for cor­
rective measures. 

3. Certain types of trips were purposely not 
fully recorded in the survey: private long-distance 
trips, especially vacation trips, and business and 
goods-movement trips. For these trips, specific 
sums were added to the calculations. At the same 
time, it was noted that some persons were not at 
home because they were on vacation (18). 

4. Another problem was that pri0r to and follow­
ing the use of a vehicle (especially public trans­
portation), persons necessarily walk a certain dis­
tance. However, these pedestrian trips are usually 
not listed separately by the interviewees. There­
fore, for trips made by using public transportation, 
estimations are made concerning the length of the 
walk to and from the public transportation stop 

Table 1. Total amount of travel per person per year. 

Avg 
Avg No. of Distance8 Avg Time 

Mode Trips" (km) Spent• (h) 

Walking 251 364 96 
Bicycle or mo fa b 77 179 19 
Motorcycle or mopedc 7 48 2 
Car 434 6811 171 
Public transportation 106 ill1 22 
Total 875 9249 343 

:11at per-son more lhan 10 yc.1111 old pe1r )'a.ar. 
CMof11 b: ti tmn.11 lnOloroyclc. th tU has Q mulmum 1pce1d Of'25 km/h. 

Mo1u:1 d 11 a • mnU molorcycla lltal luas 11. mnx-fmum 1pc.ed of 40 km/h. 

Table 2. Accident rate accord· 
ing to mode of transportation. 

Mode 

Walking 
Bicycle or mofa 
Moped or motorcycle 
Car 
Allb 

Accidents 
per 10 000 
Persons 

8.3 
J 1.8 
11.0 
50.3 
84.8 
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(19). The sums calculated for the distance covered 
and time needed for these walks were then added to 
the number of pedestrian trips. [This interpreta­
tion of such trip segments leads to some conflicts 
among specialists. Without being able to spend more 
time in this paper defending the approach used, it 
should be noted that the attempt to have all these 
trip segments recorded in the diaries is not a bet­
ter alternative, at least not in large-scale sur­
veys. The approach used here (which could be im­
proved technically) still seems to be the best 
solution to the problem.] 

ACCIDENT RATES FOR SPECIFIC TYPES OF TRIPS 

For Yearly Travel Exposure 

The corrective measures described above make it pos­
sibJ.e to calculate yearly participation in travel, 
number of tri~s made, number of kilometers traveled, 
and the length of time spent ti:-aveling (Table 1). 

Thus it becomes possible to determine the acci­
dent risks for diff.erent types of travel. [For pub­
lic transportation , no accident rates were deter­
mined since some of this traffic is not considered 
to be street traffic. Therefore, only a portion of 
the accidents that involve public transportation ve­
hicles (e . g . , buses) is included in the accident 
statistic s for street traffic.] The accident rates 
for the four remaining types of vehicles are shown 
in Table 2. 

Table 2 shows that the number of accidents per 
capita is highest for persons that use cars. More 
than half of all traffic inju!'ies were sustained by 
persons who were either driving cars or riding as 
passengers in cars. The relationship of the number 
of accidents to data on traffic participation (acci­
dent/mobility rate) gives a very different picture 
of the accident risk while using a car. The acci­
dent risk when wal~ing is relatively small, that 
when using a c ar is average, and that when using a 
moped or motorcycle is relatively large. In the ac­
cident/distance rate, persons who use cars are less 
prone to accidents than are pedestrians, since the 
speed traveled by car is naturally much greater. 
The high rate of accidents for persons who use 
motorcycles is remarkable; the risk of having an ac­
cident is 30 times higher per kilometer than it is 
for cars. The amount of time spent traveling is the 
last factor to be taken into consideration (and com­
pletes the picture) when accident risk is calcu­
lated. Using a car presents a more-or-less average 
risk as far as travel time is concerned. Persons in 
cars have three times as many accidents as do pedes­
trians in the same time span. 

Comparative View 

In Table 2, the values of theo accident rates are 
also compared by using indices. The accident rates 
differ according to factors taken into consideration 
in the calculation. Thus, it is not possible to say 

Accidents per Million Accidents per Million Accidents per Million 
Trips Kilometers Hours Traveled 

Absolute Absolute Absolute 
Number Index• Number Index• Number Index" 

3.3 34 2.3 248 8.6 35 
15.3 158 6.6 715 62.0 251 

157.1 1624 22.9 2489 549.7 2226 
11.6 120 0.7 80 29.4 119 
9.7 100 0.9 100 24.7 JOO 

3 Total value = 100. blncludes public transportation. 
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which form o f travel is safest simply by quoting one 
accident rate. However , all persons who use two­
wheeled vehicles sh,ow a particulal:ly high accident 
rate. This is especially true for those who use 
mopeds and motorcycles. 

ACCIDENT RATES FOR DIFFERENT DEMOGRAPHIC GROUPS 
ACCORDING TO AGE AND SEX 

Additional data can be collected for the evaluation 
of accident risks when interviewees are divided into 
different. sociodemographic groups . There are gross 
d.iffe r ences among the groups in the rate of acci­
dents and the e xposure to situa.tions in which acci­
dents might occur. By using the available data, it 
is possible to depict accident rates for these dif­
ferent groups. 

However, this causes a special problem. The 
method described earlier , in which aggregate data on 
individual behavior were collected on certain days, 
could not be used analogously in this situation, be­
cause the coefficients used have variable effects 
depending on sociodemographic group (this is assum­
ing that vacation trips, business trips, erro·rs in 
estimating distances, etc., vary for different age 
groups). Since no sufficiently ditfei;entiated data 
were available in this stage of the research , it was 
no t possible to use the approac'h described earlier 
to calculate accident/time rates for the different 
age groups and sexes. Rather , only behavioral data 
determined for an average weekday were used, and the 
only corrective measure used pertained to the pedes­
trian trips to and from public transportation. 

Although this approach is certainly not com­
pletely satisfactory, we feel that we are justified 
in presenting the results of the data processing and 
in discussing them. Although the absolute degree of 

Table 3. Percentage of fatalities end injuries by age and sex for different modes. 

Fatalities and Injuries(%) 

Total Population 
Characteristic (N = 5 369 000) 

Age 
10-14 9.6 
15-17 5.2 
18-24 I I.I 
25-64 57.3 
64 and older 16.8 

Sex 
Male 47.1 
Female 52.9 

Note: NS= not shown in accident statistics. 

a .A3 driver or passenger. 

All Modes 
(N = 455 510 000) 

6.1 
13.0 
27.6 
46.I 

7.2 

66.0 
34.0 

Walking 
(N = 44 705 000) 

14.7 
6.0 
9.5 

41.8 
28.0 

49.0 
51.0 

Table 4. Accidents and amount of travel according to age and sex for all persons. 

Total Population Injuries and Fatalities 
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the corrective measures is considerable (the yearly 
kilometers traveled in the Federal Republic of Ger­
many was 108 billion in 1979), the individual fac­
tors can have opposite effects and can thus balance 
one another (the relative corrective measure for the 
yearly distance traveled is only 17 billion km). 

To get an idea of the extent of accidents, these 
findings can be compared with the pertinent shares 
for the entire population. The results for 1976 in 
the Federal Republic of Germany for the characteris­
tics considered are shown in Table 3, which shows 
that the accident risk for individual sociodemo­
graphic groups varies greatly according to the mode 
used. 

In Tables 4-6 the accident risks for different 
groups is related to their traffic exposure. 

In order to simplify the use of the tables, the 
average values for the number of trips, the time 
needed to make the trips, and the distances traveled 
were made equal to 100 and the pertinent index was 
determined for each age group. 

This shows that younger and older persons travel 
more on foot than do others, that younger persons 
use bicycles and mofas much more frequently than the 
average, and that persons between 14 and 24 years 
use more mopeds and motorcycles whereas middle-aged 
persons and men as a group tend to use cars more 
frequently than the average. These results already 
give one a more in-depth view of the relationship 
between the frequency with which specific modes are 
used and the accident rate related to this use. 

However, accident statisticians are confronted 
not only with the problem that sufficient behavioral 
data are not yet available but also with the fact 
that it is important that statistics be kept so that 
they can be used and understood by as broad a base 
of interested persons and users as possible. 

Bicycle• or Mofa 
Moped• or 
Motorcycle Car 

(N = 63 416 000) (N = 59 159 000) (N = 270 248 000) 

21.2 1.5 2.4 
23.6 46.5 5.0 
10.0 34.8 33.8 
36.1 15.4 54.5 

9.1 1.7 4.3 

NS NS 61.7 
NS NS 38.3 

Avg 
Avg Travel Distance Index• 

Avg No. of Time per per Day 
Characteristic N Percentage N Percentage Trips per Day Day (min) (km) Trips Time Distance 

Age 
10-14 51 284 000 9.6 27 885 000 6.1 2.35 48.6 14.1 97.1 89.8 62.0 
15-17 28 168 000 5.2 59 143 000 13.0 2.66 60.I 17.0 109.9 111.0 74.6 
18-24 59 699 000 lLl 125 890 000 27.6 2.73 63.0 24.5 112.8 116.4 107.8 
25-64 307 690 000 57.3 209 873 000 46.1 2.61 58.0 27.1 107.9 107.2 119.0 
64 and older 90 048 000 16.8 32 719 000 7.2 l.54 37.0 9.2 63.6 68.4 40.3 

Sex 
Male 253 078 000 47.1 300 679 000 66.0 2.66 62.8 30.4 109.9 116. l 133.4 
Female 283 812 000 52.9 154 831 000~ 34.0 2.21 46. I 15.8 91.3 85.2 69.5 
Total 536 890 000 455 510000 2.42 54.I 22.8 

3 For computation of index in the last three columns, the total average values of the previous three columns were made equal to 100. 
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Table 5. Accidents and amount of travel according to age and sex for persons walking and using bicycles and mofas. 

Index 
Total Population Injuries and 
(%) Fatalities (%) Trips Time Distance 

Characteristic B c B c B c B c B c 

Age 
10.14 9.6 9.6 14.7 21.2 114.9 322.5 116.5 262.9 116.8 241.4 
15-17 S.2 5.2 6.0 23.6 108. I 334.8 126.2 340.0 127.1 389.7 
18-24 I I.I I I. I 9.5 10.0 75.7 100.0 82.3 105.7 83.2 119.0 
25-64 57.3 57.3 41.8 36.l 97.3 73.9 92.7 68.6 94.4 69.0 
64 and older 16.8 16.8 28.0 9.1 112.2 43.5 122.6 48.6 106.5 48.3 

Sex 
Male 47.1 47.1 49.0 NS 79.7 NS 86.6 NS 88.8 NS 
Female 52.9 52.9 51.0 NS 118.9 NS 112.2 NS 109.3 NS 

Notes: B =persons wrUkJng; C =persons udng bicycles and mofas. 
NS= not shown In accident statistics. 

Table 6. Accidents and amount of travel according to age and sex for persons using mopeds and motorcycles and using cars. 

Index 
Total Population Injuries and 
(%) Fatalities (%) Trips Time Distance 

Characteristic D E D E D E D E D E 

Age 
10.14 9.6 9.6 1.5 2.4 29.l 30.2 27.0 35.1 11.6 40.4 
IS-17 5.2 5.2 46.5 5.0 Sl5 .0 28.4 460.3 31.9 406.7 32.2 
18-24 I I.I 11.1 34.8 33.8 315.5 126.7 365.0 121.8 465.8 118.2 
25-64 57.3 57.3 15.4 54.5 58.3 128.4 56.6 128 .5 50.4 128.3 
64 and older 16.8 16.8 1.7 4.3 34.S 31.0 32.6 31.9 21.8 27.7 

Sex 
Male 47.l 47.l NS 61.7 NS 132.8 NS 139.7 NS 140.5 
Female 52.9 52.9 NS 38.3 NS 69.0 NS 64.2 NS 61.8 

Notes: D = pcBon1 using mopeds and motorcycles; E =persons using cars. 
NS= no1 1t1own in a.ccldcn-t statistics. 

Table 7. Accident rates according to age and sex for all persons, persons walking, and persons using bicycles and mofas. 

Index Value for injuries and Fatalities 

Per Inhabitant Per Number of Trips Per Distance Traveled Per Time Spent Traveling 

Characteristic A B c A B c A B c A B c 

Age 
10-14 64.1 153.8 222.l 66.0 133.9 68.9 103.4 131.7 92.0 71.4 132.0 84.5 
15-17 247.3 114.5 450.2 225.0 105.9 134.S 331.5 90.1 115.5 222.8 90.7 132.4 
18-24 248.5 85.l 89.7 220.3 112.4 89.7 230.5 102.3 75.4 213.4 103.4 85.0 
25-64 80.4 73.0 63.0 74.5 75.0 85 .3 67.6 77 .3 91.3 75.0 78.8 91.8 
64 and older 42.8 167.0 54.1 67.3 148.8 124.4 105.7 156.8 112.0 62.6 136.2 111.3 

Sex 
Male 140.8 103.9 NS 128.I 130.4 NS 105.6 117.0 NS 121.3 120.0 NS 
Female 64.3 96.5 NS 70.4 81.2 NS 92.5 88.3 NS 75.5 86.0 NS 

Notes: Index values for A, all persons; B, persons walking; C, persons using bicycles and mofas. For the computation of the inclices, the average value of the given accident rate was 
made equal to 100. 

NS = not shown in accident statistics. 

Thus, Tables 7 and 8 are designed to be as under­
standable as possible. These tables compare the 
frequency of accident involvement with the degree of 
travel participation and enable one to summarize 
more adequately the accident risk. 

Table 7, for example, shows that persons more 
than 64 years old do not have even half as many ac­
cidents as the average for all age groups (index = 
42.8). However, this must be seen in relation to 
the fact that this age group travels much less than 
do other age groups. The risk of this group's hav­
ing accidents increases very rapidly in relation to 
the number of trips made and the amount of time 
spent traveling (indices = 67.3 and 62.6). When the 
distance traveled is considered (which is compara­
tively low), the index is 105. 7, an above-average 
value. 

When these figures are differentiated according 
to mode, other important insights are gained. Thus, 
among pedestrians (Table 7), younger and older per­
sons run an average risk of having an accident (in­
dices= 153.8 and 167.0), but this risk is •relativ­
ized" when one consid.ers the fact that more older 
and younger persons tend to walk to their destina­
tions than do other age groups. On the other hand, 
those aged 18 through 24 only appear to take less 
than an average risk in having accidents when they 
walk, since they walk so rarely and for such short 
stretches. Actually, they therefore run an above­
average risk of having an accident while walking 
(20). 
-This shift is even more obvious when one con­

siders persons who use bicycles and mofas (Table 
7). Children 10-14 years old who use bicycles and 
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Table 8. Accident rates according to age and sex for all persons, per.ions using mopeds and motorcycles, and per.ions using cars. 

Index Value for Injuries and Fatalities 

Per Inhabi tant Per Nu mber of Trips Per Distance Traveled Per Time Spent Traveling 

Characteristic A D E A D E A D E A D E 

Age 
! (}. 14 64.1 15.7 24.8 66.0 54.0 82. l 103.4 135.3 61.4 71.4 58.2 70.7 
15-17 247.3 886.l 94.3 225.0 172.1 332.0 331. 5 2 17.9 292.9 222.8 192.5 295.6 
18-24 248.5 313.2 304.1 220.3 99.3 240.0 230.5 67.2 257.3 213 .4 85.8 249. 7 
25-64 80.4 26.9 95.I 74. 5 46. l 74.l 6 7.6 53.4 74. l 75.0 48 .4 74.0 
64 and older 42.8 10.2 25. 9 67.3 29.6 83.6 105.7 46.8 93.5 62.6 31.3 8 1.2 

Sex 
Male 140.8 NS 130.8 128. l NS 98.5 105.6 NS 93. I 121.3 NS 93.6 
Female 64.3 NS 72.5 70.4 NS 105.1 92.5 NS 11 7.3 75.5 NS 11 2.9 

Notes: Index values for A, all persons; D, persons using mopeds and motorcycles ; E, persons using cars. For lhe computation of the ind ices, the average value o f the given 
accident rate was made equal to 100. 

NS == not shown in accident statistics. 

mofas are more than two times as likely as other age 
groups to have an accident. But when one considers 
the fact that they use these modes much more than 
other age groups do, they actually have less than an 
average number of accidents. Thus, although the 
risk that persons 15-17 years old would have an ac­
cident seems to be very high at first, it lessens 
whPn viewed in the light of their heavy use of bicy­
cles and mofas. The opposite is the case with the 
group 64 years and older. At first it appears that 
the chance of their having an accident with a bicy­
cle or mofa is very low, but this is because they 
use these moues so rarely. When one accounts for 
the frequency with which this age group uses these 
modes, the length of the trips, and the time of the 
trips, then this group actually has the second 
greatest risk of the different age groups in having 
an accident when using a bicycle or mofa. 

Table 8 shows the same tendency for moped and mo­
torcycle users. Persons aged 15-24 appear to run a 
very high risk of having accidents by using these 
modes. However, this is once again simply caused by 
the fact that they use these modes most frequently. 
Thus, the actual risk that members of this age group 
will have an accident is not so great as it appears 
to be at first. For all other age groups, the risk 
is greater than the relationship between the number 
of accident victims and the population. 

As is true with other modes, when one looks at 
the figures that pertain to car drivers and car pas­
sengers, simple accident statistics differ from the 
results attained when behav ioral data are used. 

This is especially obvious when one compares the 
number of men who have accidents with the number of 
women who have accidents: 62 percent of all car 
passengers injured and killed are men (Table 4). 
But when accident rates are based on total travel 
exposure in cars, the accident rate is lower for men 
than for women. 
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Bicycle as a Collector Mode for Commuter Rail Trips 

WILLIAM FELDMAN 

This study was designed to identify the potential of the bicycle as a collector 
mode for commuter rail trips and the conditions or circumstances that inhibit 
or fulfill reall~ation of this potontlal. Tho study consl.sted of the development 
and distribution of a survoy quest ionnaire to commuter rail passengers at five 
target stations and an analysis of the survey results. It was discovered that 
there is considerable potential for the bicycle to serve as a collector mode for 
commuter rail trips. Of all respondents, 46.6 percent claimed that they would 
consider commuting from home to rail slll tion by bicycle. This would result in 
alleviation of parking congestion or freoing of parking spaces, which would per­
mit Increased rail ridership. Tho improvement that ap1>11rently would do the 
most to fostor incroased use of tho bicycle for t hese tr ips Is the provision of 
secure bicycle-parking facilities at rail stations. In some situations, this would 
havo to bo accompanied by improvementa to tho roadway system that leads to 
the station to make it more compatible to bicycles. 

In this age of increasing cost and diminishing 
availability of fuel resources, American society in 
general and residents of New Jersey in particular 
must turn to energy-efficient modes when possible, 
not merely to extend scarce fuel supplies but also 
to reduce costs to individual consumers of trans­
portation so they can maintain their mobility. The 
bicycle is potentially well suited to short-distance 
utilitarian trips such as collector-distributor 
trips between home and long-distance commuter rail 
transit. The bicycle is indeed an energy-efficient 
mode. It has, however, been an underused mode (l)· 
Generally, it has been believed that one of the pri­
mary reasons for this underuse has been the lack of 
facilities, both bicycle-compatible roadways that 
lead to rail stations and devices at stations to se­
cure bicycles from theft and vandalism. 

In New Jersey, the New Jersey Department of 
Transportation (NJDOT) and New Jersey Transit (NJ 
Transit) wish to promote the increased use of the 
bicycle as a collector mode for commuter rail tran­
sit trips. In addition to the energy implications 
of this increased use, other objectives could con­
ceivably be served. These include reduction in 
parking demand at commuter rail stations, allevia­
tion of congestion , improved air quality (~), and 
equity considerations (i.e., the provision of rail 
services to those who for a variety of reasons can­
not use other modes to reach the rail stations). 

In order to proceed with a rational program of 
facilities (or other improvements) to foster the in­
creased use of the bicycle, NJDOT and NJ Transit 
needed to know what conditions or circumstances in­
hibit use of the bicycle, what changes would best 
promote increased bicycle use, and what potential 
exists for increased levels of bicycle use. 

METHODOLOGY 

This study was designed to satisfy the needs listed 

above. The study consisted of the development and 
administration of a questionnaire distributed to 
rail passengers at selected commuter rail stations 
in New Jersey and the analysis of questionnaire re­
sponses. 

The questionnaire was designed to determine the 
potential use of the bicycle as a collector mode for 
commuter rail transit stations and to identify those 
conditions or circumstances that inhibit the full 
realization of that potential. The questionnaire 
(Figure 1) was constructed to determine some char­
acteristics of passengers at the target stations 
that might have a bearing on their predilection to 
use a bicycle for the trip to that station (ques­
tions 1 through 5). Such characteristics included 
sex, age, distance from station, length of time to 
station, and current modal choice for the trip to 
the station. 

Additional questions were designed to elicit any 
tendencies in current modal-choice selection and to 
ascertain potential bicycle trip makers. Question 
10 was designed to elicit the range and re la ti ve 
magnitude of improvements that might foster in­
creased bicycle use. Questions 11 and 12 were de­
signed to determine commuter preferences toward and 
potential use of various secure bicycle-parking fa­
cilities. Previous analysis by NJDOT personnel had 
indicated that having secure bicycle-parking facili­
ties at rail stations was likely to be a necessary 
condition to expanded use of the bicycle for trips 
to commuter rail stations. 

A number of criteria were postulatPd as having 
some relationship to the level of potential bicycle 
ridership and the level of potential demand for bi­
cycle-parking facilities at rail stations. These 
are the following: 

1. Condition of roads that lead to stations, 
2. Availability of parking or deficiency of 

parking at the station, 
3. Population clusters within 4 to 5 miles from 

the station, 
4. Station ridership, 
5. Existing bicycle use, and 
6. Proximity to populations that do not use 

automobiles (e.g., college students). 

By applying these criteria loosely and with the 
assistance of Stephen Hochman, senior planner of 
NJDOT' s Bureau of Environmental Analysis (in charge 
of environmental work for NJ Transit's Rail Station 
Improvement Program), the following rail stations 
were identified as having significant potential for 
increased bicycle ridership: Metropark, Metuchen, 
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Figure 1. Survey questionnaire. 
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The purpose of this questionnaire is to measure the potential of the 
bicycle to serve as a means of getting passengers to and from rail sta­
tions in New Jer•ey. Please answer the questions and return. 

1. Sex: Male Female 

2, How old are you? (Check one) 10 - 20 
20 - 30 
30 - 40 
40 - 50 
50 - 65 
over 65 

3. 

4. 

How far do you live from this train station? 

How do you usually get to this train station? 

walk 
bike 
bus 

dropped off by car 
carpool 
car - parks in lot 

(Check 

(Check 

one) 0 - 1 mile 
1 - 4 miles 
4 - 1 miles 
1 -10 miles 
10+ miles 

one) 

5. How long does it usually take you to get to tne train station from home? 
(Check one) 

0 - 5 minutes 
5 - 15 minutes 

15 - 25 minutes 

6. If you do not (ever) ride a bike to this train station why not? 

convenient, affordable alternatives are available 
--- unsafe roads leading to station 
--- motorists don't respect bicyclists' rights 

lack of secure bicycle parking at the station 
===other (identify) 

7, Would you ever (even part-time) consider commuting from home to this •tation 

8. 

by bioyole? yes __ _ 
no 

If not, why not? convenient, affordable alternatives are available 
--- unsafe roads leading to station 
--- motorists don't respect bicyclists' rights 
--- lack of secure bicycle parking at the station 
:::=other (identify) 

9. Can you foresee any circumstances which would encourage you to consider 
riding a bike to the station? no 

___ yes (identify) 

10. What one improvement might encourage you most to ride your bike to the 
train "Station? (Check one) 

improved roads (more bicycle compatible) leading to the station 
--- secure bike storage facilities at the station 

education of motorists to the rights of bicyclfats 
other (identify) 
none 

11, What, in your opinion, are secure bike parking facilities? 

designated space for blcyoles 
--- bike racks 

bike lockers 
other (identify) 

12. Would you be willing to pay a noainal fee to reserve a bike locker for 
your use at this station? ___ yes no 

Princeton Junction, West Trenton, Cranford, Mont­
clair, Ramsey, Ridgewood, Westwood, Sununit, Red 
Bank, Matawan, Long Branch, Westfield, South Orange, 
Short Hills, Oradell, Radburn, Glenrock, Convent, 
Madison, Morristown, and Bound Brook. 

Princeton Junction 

Princeton Junction is located in Mercer County and 
is served by the Northeast Corridor Line, which has 
a ridership here of 1570 passengers daily (]_). 
Existing parking for 1071 automobiles in three sepa­
rate parking lots is fully used on both sides of the 
track. There is overflow parking on undeveloped 
lots and on surrounding access roads. Land is 
available for parking expansion but it would dave to 
be acquired. A fee is charged for parking in two of 
the lots, and a monthly permit (acquired by fee) is 
required to park in the third lot. There is no 
dense residential development inunediately adjacent 
to the station. This station was selected primarily 
because of its relatively high ridership and high 
parking deficiency. 

SURVEY SITES 

Based on the preliminary analysis cited above, five 
target stations were selected for the dissemination 
of the survey questionnaire. These were Princeton 
Junction, Morristown, Red Bank, Westfield, and 
Metropark. 

A description of the stations selected for the 
survey, including physical and ridership char­
acteristics, is g iven in the following paragraphs. 
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Morristown 

Morristown, New Jersey, is in Morris County (j). 
The station facility is located two blocks from "the 
green," which is the centroid of the central bus.i.­
ness district (CBD) in Morristown. The Morristown 
Line has a ridership of 1428 passengers daily from 
Morristown. There are 256 parking spaces located in 
four small lots on either side of the tracks for 
which a fee is charged or permit (acquired by fee) 
is required. Space for the expansion of parking 
facilities is essentially nonexistent. This station 
was selected because of its extreme parking defi­
ciency, large number of daily patrons, and accessi­
bility to dense residential and commercial areas. 
In addition, it was noted that there is limited op­
portunity to expand ridership by expansion of auto­
mobile parking facilities. 

Red Bank 

Located in Monmouth County, Red Bank is served by 
the North Jersey Coast Line, which has a ridership 
here of 1467 passengers daily (5). There are 711 
existing parking spaces in five small lots scattered 
about the station site, and parking for the trains 
has scattered beyond the immediate area of the sta­
tion to residential side streets. Land owned by the 
Central New Jersey Railroad is available for parking 
expansion. The station is located in an area of 
light industry and commerce and the Red Bank CBD is 
located to the northeast. There are numerous resi­
dential areas in the general vicinity of the station 
on the periphery of the commercial areas. The sta­
tion was selected because of the relatively high 
ridership, parking deficiency, and its proximity to 
residential areas within a relatively short distance 
from the station. 

Westfield 

Westfield, New Jersey, is located in Union County on 
the Raritan Valley Line; the ridership from here is 
1989 passengers daily <il. There are 543 parking 
spaces in three lots immediately adjacent to the 
station buildings. A fee is charged for parking. 
Potential for increasing the number of spaces is 
limited due to existing development. The station 
complex is one of the focal points of the town of 
Westfield. It is located within the CBD and is sur­
rounded by commercial enterprises and numerous resi­
dential areas in peripheral locations not far from 
the station. This station was selected because of 
its high ridership, parking deficiencies, limited 
opportunity to increase automobile parking, and the 
proximity of residential areas to the station. 

Metropark 

Metropark is in Iselin, Middlesex County, on the 
Northeast Corridor Line, which carries a ridership 
of 2089 passengers daily from this station. There 
are 1300 free parking spaces for cars. The park­
and-ride lot is currently operating at 110 percent 
of capacity, and there are numerous illegally parked 
cars in every conceivable space in the lot. Parking 
spills onto adjacent roads. Opportunities to expand 
parking significantly are limited. The station is 
surrounded by an office complex and one small and 
one moderately sized low-density residential area. 
Access to the station from the moderately sized res­
idential area is somewhat circuitous. This station 
was selected primarily because of its high ridership 
and parking deficiency. 

DISTRIBUTION PROCEDURE 

One hundred questionnaires were distributed at each 
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of the selected stations. The questionnaires were 
distributed on a weekday between 7:00 and 9:00 a.m. 
The distribution procedure was as follows. 

Approximately 10-15 min prior to the arrival of 
the train, as passengers began to congregate on the 
platform or in the vicinity of the station in antic­
ipation of the train's arrival, the individual dis­
tributing the questionnaire stood at one end of the 
platform. Approximately 5-10 min prior to the 
scheduled arrival of the train, the distributor 
would pass along the station platform. As individ­
uals or small groups were approached, they were 
offered a questionnaire. This offer was accompanied 
by an explanatory statement that the individual dis­
tributing the questionnaire was carrying out a sur­
vey for NJDOT/NJ Transit on the use of this station 
and a request that the commuter please fill out the 
questionnaire and drop it in the mailbox. (It was 
immediately mentioned that the questionnaire was 
preaddressed and pre stamped.) No additional state­
ments were made to convince or coerce commuters to 
take or fill out the questionnaire. Acceptance of 
the questionnaire was therefore essentially a volun­
tary act, and those who accepted the folded ques­
tionnaire had no knowledge that the questionnaire 
dealt primarily with bicycle transportation to and 
from commuter rail stations. 

If any resistance to taking the questionnaire was 
encountered for any reason whatsoever, the distrib­
utor withdrew the questionnaire and moved on to the 
next commuter. An estimated 98 percent of those of­
fered the questionnaire accepted it. 

No attempt was made to screen out individuals or 
to select individuals to whom questionnaires were 
presented. In fact, great care was taken to avoid 
any conscious selection. Once the distributor had 
presented one questionnaire, he or she moved on to 
the next available person on the platform. This 
procedure was followed to eliminate (as much as pos­
sible under the circumstances) a sampling bias, 
e.g. , in which those who appeared unlikely to be 
bicycle riders or potential bicycle riders due to 
apparent age or physical condition were passed over 
and questionnaires were distributed only to those 
who appeared to be potential bicycle riders. 

As the train pulled into the station area and 
passengers began to move toward the cars, distribu­
tion of the questionnaire ceased. For the next 
train, the distributor would begin to pass along the 
platform from the opposite end. 

By following this procedure, the distributor 
could hand out approximately 20 questionnaires prior 
to the arrival of each train. It therefore took 
four to six train arrivals to complete the distribu­
tion of 100 questionnaires. 

Since the rail lines on which these stations 
exist serve primarily patrons whose workplace is in 
the North Jersey/New York City area, the overwhelm­
ing majority of questionnaires was distributed to 
eastbound commuters. Less than five questionnaires 
were distributed at each station to westbound pas­
sengers. 

Questionnaires were distributed on the following 
dates: 

Station ~ 
Princeton Junction May 5, 1980 
Morristown May 7, 1980 
Red Bank May 12, 1980 
Westfield May 14, 1980 
Metropark May 15, 1980 

Questionnaires received in the mail within two weeks 
of the distribution date were included in the survey 
tally. Those (relatively few) received after this 
length of time were not included. The vast majority 
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Table 1. Questionnaire return rate and percentage of 
Questionnaires Distributed ridership surveyed. 

Station Total 

Princeton 100 
Junction 

Morristown 100 
Red Bank 100 
West field 100 
Metropark 100 
Total 5ciO 

of returns occurred within three days o f distribu­
tion. 

SURVEY RESULTS 

For each station surveyed, the rate of return of the 
100 questionnaires and the percentage of ridership 
surveyed are presented in Table 1. 

Table 2 presents the responses to the survey 
questionnaire by station as a percentage of the 
sample and the totals. Some percentages may not add 
up to 100 due to the failure of some respondents to 
answer all questions: some may add up to more than 
100 percent due to multiple selections by some re­
spondents. The responses to questions 7, 9, and 12 
extrapolated to the total ridership for each station 
are given in Table 3. (Specific answers to ques­
tions 6, 8, 9, 10, and 11 are available from the 
author.] 

DISCUSSION OF QUESTIONS 

Questions 1 and 2 (Sex a nd Age) 

Characteristics by sex and age vary little by sta­
tion. Analysis of responses by age and sex char­
acteristics was not attempted in this study. 

Question 3 (Dis tance f rom Station) 

It is generally conceded that utilitarian trips by 
bicycle are quite feasible up to a range of 4 
miles. Although some recent surveys indicate that 
this range is increasing, it is assumed that for 
this study the distance limit for bicycling trips to 
rail stations (a~ only one purt of a combined bi­
cycle-train-walk commute) would be 4 miles. This 
question therefore identifies essentially the upper 
limit of potential bicycle trip makers in terms of a 
distance constraint. The proportion of respondents 
who claim to live within 4 miles of the station rep­
resents for all practical purposes the pool of po­
tential bicycle trip makers to the rail station. 

This figure varies considerably from station to 
station (from 34.9 percent at Princeton Junction to 
96.5 percent at Westfield)i the sample mean is 68.6 
percent. This indicates that the effective upper 
limit of potential bicycle trip makers to rail sta­
tions would vary considerably by station and is due 
to factors or conditions par t icular to each station. 

Question 4 (Mode to Station) 

For all stations except Westfield, the majority of 
commuters arrived at the station by an automobile 
that was parked in the station lot. If one postu­
lates that reduction in parking demand and fewer 
vehicle miles of travel (VMT) are goals to be 
achieved, it is this pool of commuters from which it 
is desirable to draw and shift to other modes such 
as the bicycle for trips to the rail station. Table 

Ridership 
No. Returned 
Within Two Percentage Percentage Percentage 
Weeks of Total Total Surveyed Responding 

43 43 15 70 6.4 2.7 

44 44 1428 7.0 3.1 
38 38 1467 6.8 2.5 
57 57 1989 5.0 2.9 
41 41 208 9 4. 8 2.0 

223 44.6 8543 5.9 2.6 

4 presents the number of car drivers by station who 
answered affirmatively to questions 7 and 121 i.e., 
they claimed that they would consider commuting from 
home to the station by bicycle and that they would 
be willing to pay a nominal fee to reserve a bicycle 
locker. This indicates a conside rable potential for 
alleviating parking deficiency, freeing parking 
spaces for additional transit patronage, or reducing 
demand for costly additional parking spaces. 

As with question 3, the responses to this ques­
tion indicate that the particular mode-arrival char­
acteristics of the station are an important con­
sideration in thP potPnt inl of the bicycle to serve 
as a collector mode and to serve in a socially use­
ful fashion, i.e., by reducing parking congestion 
and VMT by substituting for trips made by automobile. 

Ques t i on !> ('!'irne to Sta tion ) 

Responses to question 5 show pronounced variability 
by stationi however, responses to this question were 
not analyzed or considered in this study. 

Question 6 (Reason for Not Ri ding Bic ycle to Station) 

The most common reason given by those who never ride 
a bicycle to the train station was the availability 
of convenient affordable alternatives. This was 
closely followed by the lack of secure bicycle park­
ing at the station. Again, the rank order of rea­
sons varied considerably by station. At two sta­
tions, Princeton Junction and Metropark, unsafe 
roads that led to the station were the prime impedi­
ment to bicycle use. 

Question 7 (Willing to consider Bicycle for Trip 
to Station) 

A total of 46. 6 percent of all respondents claimed 
that they would consider commuting from home to the 
station by bicycle. This ranged from 36.6 percent 
at Metropark to 64. 9 percent at Westfield. Coupled 
with the responses to question 3, an estimate can be 
derived of potential bicycle users who claim they 
would consider commuting to the station by bicycle 
and who live within the critical distance. This is 
shown in Table 5. This derived figure represents an 
estimate of the maximum number of commuters who 
would conceivably make some trips to the station by 
bicycle if given essentially perfect hicycling con­
ditions. 

Question 8 (Reasons Not to Bicycle) 

The responses to this quetion essentially mirror the 
responses to question 6. Those who assert that they 
would never consider riding to the station by bi­
cycle do so in roughly the same proportion and for 
the same reasons as do those individuals who do not 
currently ride. 
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Table 2. Survey results. 

Princeton 
Junction Morristown Red Bank Westfield Metropark Total 
(N = 43) (N=44) (N = 38) (N = 57) (N = 41) (N = 223) 

Question No. Percent No. Percent No. Percent No. Percent No. Percent No. Percent 

I. Sex 
Male 34 79.1 31 70.0 30 78 .9 48 84.2 30 73.2 173 77.6 
Female 9 20.9 13 30.0 8 21.1 9 15 .8 II 26.8 50 22.4 

2. Age 
10-20 0 0 5 11.4 0 0 0 0 0 0 5 2.2 
20-30 14 32.5 9 20.5 9 23.7 19 33.3 18 43.9 69 30.9 
30-40 20 46.5 17 38.6 12 31.6 19 33.3 15 36.6 83 37.2 
40-50 6 14.0 8 18.2 7 18.4 13 22.8 6 14.6 40 17.9 
50-65 3 6.9 4 9.1 10 26 .3 6 10.5 2 4.8 25 11.2 
65+ 0 0 0 0 0 0 0 0 0 0 0 0 

3. Distance from station (miles) 
0-1 4 9.3 9 20.5 6 15.7 23 40.4 3 7.3 45 20.2 
1-4 II 25.6 21 47.7 20 52.6 32 56.1 24 58.5 108 48.4 
4-7 16 37.2 9 20.5 10 26.3 2 3.5 5 12.2 42 18.8 
7-10 8 18.6 3 6.8 I 2.6 0 0 0 0 12 5.4 
lo+ 4 9.3 2 4.5 0 0 0 0 9 22.0 15 6.7 

4. Current modal choice 
Walking 2 4.7 10 22.7 4 10.5 22 38.6 3 7.3 41 18.4 
Bicycle I 2.3 0 0 0 0 5 8.8 0 0 6 2.7 
Bus I 2.3 I 2.3 3 7.9 0 0 2 4.8 7 3. 1 
Car driven by other 13 30.2 10 22.7 4 10.5 12 21.0 6 14.6 45 20.2 
Carpool 2 4.7 0 0 0 0 0 0 3 7.3 5 2.2 
Own car 26 60.5 22 50.0 26 68.4 19 33.3 27 65.9 120 53.8 

5. Length of time to station (min) 
0-5 6 14.0 5 11.4 12 31.6 21 36.8 4 9.8 48 21.5 
5-15 25 58.1 30 68.2 26 68.4 29 50.9 24 58.5 134 60.l 
15-25 10 23.3 8 18.2 0 0 7 12.3 13 31.7 38 17.0 

6. Reason for not riding bicycle to station 
Convenient alternatives II 25.6 12 27.2 16 42 .1 25 43.9 14 34.1 78 35.0 
Unsafe roads 15 34.9 12 27.2 6 15 .8 5 8.8 17 41.5 55 24.7 
Disrespect by motorists 4 9.3 2 4.5 6 15.8 4 7.0 10 24.4 26 11.7 
Lack of secure bicycle parking II 25.6 21 47.7 12 31.5 15 26.3 15 36.6 74 33.2 
Other 21 48.8 20 45.4 13 34.2 12 21.1 16 39.0 82 36.8 

7. Willing to consider bicycle for trip to 
station 

Yes 16 37.2 20 45.4 18 47 .3 37 64.9 15 36.6 106 47 .5 
No 26 60.5 21 47 .7 20 52.6 17 29.8 25 60.1 109 48 .9 

8. Reasons 
Convenient · alternatives 6 14.0 8 18.2 9 23.7 10 17.5 7 17.l 40 17.9 
Unsafe roads 10 23.3 6 13.6 3 7.9 2 3.5 8 19.5 29 13.0 
Disrespect by motorists 4 9.3 I 2.3 3 7.9 I 1.8 7 17.1 16 7.2 
Lack of secure bicycle parking 3 6.9 8 18.2 4 10.5 7 12.3 7 17.l 29 13.0 
Other 17 39.5 10 22.2 8 21.1 7 12.3 15 36.6 57 25.6 

9. Availability of encouraging factor to use 
bicycle 

No 20 46.5 18 40.9 20 52.6 21 36.8 21 51.2 100 44.8 
Yes 15 34.9 21 47.7 17 44.7 30 52.6 20 48.8 103 46.2 

10. Improvement to encourage use of bicycle 
Improved roads II 25.6 9 20.l 7 18.4 7 12.3 14 34.l 48 21.5 
Secure bicycle parking 13 30.2 22 50.0 18 47 .2 30 52.6 12 29.3 91 40.8 
Education of motorists 3 6.9 I 2.3 3 7.9 3 5.3 3 7.3 13 5.8 
Other 0 0 0 0 I 2.6 2 3.5 3 7.3 6 2.7 
None 17 39.5 13 29.5 10 26.3 17 29.8 13 31.7 70 31.4 

11. Opinion of secure bicycle parking 
Designated space 9 20.9 5 11.4 7 18.4 6 10.5 8 19.5 35 15.7 
Bicycle rack 19 44.2 18 40.9 13 34.2 25 43.9 15 36.6 90 40.4 
Bicycle locker 15 34.9 24 54.5 21 55.3 24 42.l 21 51.2 105 47.1 
Other 2 4.7 4 9.1 3 7.9 9 15.8 5 12.2 23 10.3 

12. Willing to pay for bicycle locker 
Yes 19 44.2 22 50.0 20 52.6 20 35.I 14 34.I 95 42.6 
No 20 46.5 17 38.6 15 39.5 34 59.6 26 63.4 110 49.3 

Note: Total ridership was as follows: Princeton Junction, 1570; Morristown, 1428; Red Bank, 1467, Westfield, 1989; Metropark, 2089; total, 8543. 

Table 3. Responses to questions 7, 9, 
Princeton and 12 extrapolated to ridership. 
Junction Morristown Red Bank Westfield Metropark Total 

Item (R=l570) (R = 1428) (R = 1467) (R = 1989) (R = 2089) (R = 8543) 

Question 7 
Yes 584 648 695 1291 764 4058 
No 949 681 772 593 1274 '1176 

Question 9 
No 730 584 772 733 1070 3831 
Yes 548 681 656 1047 1019 3945 

Question 12 
Yes 693 714 772 698 713 3639 
No 730 552 579 1186 1324 4214 

Note: R = total rjdership for each station. 
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Table 4. Potential of automobile drivers to transfer to bicycle. 

Affirmative Response to 

Question 7 
No. Car (consider Question 12 

Station N Drivers bicycling) (pay locker fee) 

Princeton 43 26 7 10 
Junction 

Morristown 44 22 8 10 
Red Bank 38 26 II 12 
Westfield 57 19 12 9 
Metropark 41 27 II 10 
Total 223 TIO 49 ST 

Table 5. Pool of potential bicycle riders. 

Affirmative Response to Question 7 

No. Within Percentage Extrapolated 
Station N No. 4 Miles of Sample Total 

Princeton 43 16 9 20.9 328 
Junction 

Morristown 44 20 18 40.9 584 
Red Bank 38 18 13 34.2 501 
Westfield 57 37 36 63.2 1256 
Metropark 41 15 13 31.7 662 
Total 223 106 89 39.9 3409 

Question 9 (Encouraging Factor to Use Bicycle) 

Roughly one-half (46. 2 percent) of all respondents 
claimed that certain circumstances might encourage 
them to ride a bicycle to the train station as part 
of their commute. Again, this figure varied con­
siderably by station, ranging from 36.6 percent at 
Metropark to 64.9 percent at Westfield. The factors 
most commonly mentioned are lack of fuel availabil­
ity, increased fuel costs, and improvement of one or 
more aspects of the bicycling environment. 

Question 10 {Improvement to Encourage Use of Bicycle) 

Provision of secure bicycle-storage facilities at 
the station was mentioned overwhelmingly as the one 
improvement that might encourage bicycle trips to 
the train. In the overall sample and at all sta­
tions except Metropark, improvement of roads leading 
to the station (i.e., making them more bicycle-com­
patible) was a distant second. Relatively few re­
spondents identified any other improvements, physi­
cal or otherwise, that might encourage them to ride 
bicycles. 

Question 11 (Opinion of Secure Bicycle Parking) 

Bicycle lockers and racks were mentioned with 
roughly equal frequency as providing suitable 
security while bicycles are parked at the station, 
and they were the overwhelming choice of respon­
dents. Designated spaces for bicycles was a distant 
third. Provision of a security guard was another 
method mentioned specifically by respondents almost 
as frequently as the designated spaces. 

Question 2 (WillLng to Pay for Bicycle t:.ocker ) 

A total of 42. 6 percent of all respondents claimed 
that they would be willing to pay a nominal fee 
(amount not specified) to reserve a bicycle locker 
for their use at the station. There was reasonable 
consistency in this response. The low figure for 
Metropark may be explained by the fact that automo-
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bile parking is currently free at this station and 
commuters are reluctant to agree to pay a fee for 
bicycle parking when they do not now pay for auto­
mobile parking. 

CONCLUSIONS AND RECOMMENDATIONS 

Based on the analysis of questionnaire responses, 
there appears to be considerable potential for in­
creased use of the bicycle to serve as a collector 
mode for commuter rail trips. Of the total respon­
dents, 47.5 percent claimed that they would consider 
at least part-time commuting to rail stations by bi­
cycle; 39.9 percent of the respondents who live 
within 4 miles of the station said that they would 
use the bicycle at least part-time. Extrapolating 
this percentage yields a pool of 3409 potential bi­
cycle-using commuters at the five target stations. 
Even if only one-tenth of this pool used their bi­
cycles part-time, this would represent an astounding 
increase over the number of passengers who now use 
bicycles to get to the station. 

Of the 223 respondents, 120 now arrive by automo­
bile and park at the station. Of these passengers, 
40.8 percent claimed that they would consider at 
least part-time use of the bicycle. This indicates 
that fostering increased use of the bicycle might 
have a considerable impact on the socially desirable 
objectives of reducing VMT and alleviating parking 
congestion (or freeing parking spaces and permitting 
increased ridership) at the various commuter rail 
stations. 

Roughly one-half (44.8 percent of all respon­
dents) claimed that they could foresee circumstances 
that would encourage them to ride a bicycle to the 
station. The most commonly mentioned reasons were 
the increase in gasoline prices or lack of avail­
ability of fuel. In addition, the provision of im­
proved facilities (secure parking and improved roads 
to stations) or provision of multiple improvements 
was frequently mentioned. 

These tendencies hold true for all stations, al­
though there is a considerable variability in degree 
at individual stations due to local conditions. 

Of those (roughly one-half) respondents who 
stated that they would never conoidcr riding to the 
station by bicycle, a plurality claimed that the 
reason was convenient affordable alternatives. Un­
suitable roads leading to the station and lack of 
secure parking each garnered 13 percent of the re­
sponses. Of the other reasons specified by respon­
dents, the most commonly mentioned was distance to 
the station. Surprisingly, relatively few respon­
dents (7. 2 percent) claimed that failure of motor­
ists to respect bicyclists' rights was a considera­
tion in their refusal to use the bicycle. These 
responses essentially mirror the reasons given by 
those who do not currently ride a bicycle to the 
station. 

The one improvement mentioned most frequently (by 
40.8 percent of the respondents) that might en­
courage passengers to bicycle to the station was the 
provision of secure bicycle-storage facilities at 
the station. Provision of improved roads (i.e., 
bicycle-compatible) leading to the station was men­
tioned next most frequently ( 21. 5 percent) • At the 
Metropark station, however, improved roads were men­
tioned most frequently, which suggests that the 
specific conditions at each station should be inves­
tigated prior to the implementation of any plan to 
foster increased bicycle use. Secure bicycle park­
ing may be a necessary but not sufficient improve­
ment to foster such increased use at some loca­
tions. No other improvements (not even education of 
motorists about the rights of bicyclists) were men­
tioned with significant frequency. 
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Bicycle lockers were mentioned most frequently 
(by 47.l percent of the respondents) as the facility 
that constituted secure bicycle parking. Bicycle 
racks followed closely (mentioned by 40.4 percent of 
the respondents) . At two stations--Westf ield and 
Princeton Junction--bicycle racks were mentioned 
most frequently. Surprisingly, a designated space 
for bicycles (a relatively insecure facility) was 
mentioned by 15. 7 percent of the respondents. Es­
sentially all those (10.3 percent) who specified 
other facilities mentioned security guards. The 
variability of response by station su9gests that the 
security problem varies (or at least the perception 
of it varies) by locality. This may be due to 
several factors, such as the existence of security 
personnel, the level of pedestrian traffic in the 
vicinity of the station, the accessibility of the 
station to noncommuters, the history of or percep­
tion of vandalism at the station, etc. This sug­
gests, in turn, that varying mixtures of bicycle­
parking facilities might suffice at varying 
locations. 

Bicycle lockers provide the high level of se­
curity required by the plurality of potential bi­
cycle users. Racks do not provide the same anti­
theft and antivandalism characteristics that an 
enclosed locker does. At stations in which space 
and the existence of full-time personnel permits, a 
check-a-bicycle system could provide secure park­
ing. For the occasional bicycle rider or for short­
term (not all-day) storage, bicycle racks should 
suffice. 

Of the total respondents, 42.6 percent claimed 
that they would be willing to pay a nominal fee 
(amount not specified) to reserve a bicycle locker 
for their use at the train station. If this is 
extrapolated to total ridership, it yields a total 
of 3639 passengers at the five target stations. 
Again, if even one-tenth of these passengers 
actually followed through on their claim, this would 
represent a considerable demand for installing bi­
cycle lockers. 

It is concluded that the most likely and most 
cost-effective method of realizing the potential use 
of the bicycle as a commuter rail collector mode is 
through the prov1s1on of secure bicycle-parking 
facilities at commuter rail stations. If purchased 
in quantity, two-bicycle locker units cost approxi­
mately $500 each. Two hundred such units, which 
provide parking for 400 bicycles, plus racks that 
accommodate an equal number of bicycles could be 
purchased and installed for roughly the same cost as 
that for constructing approximately 1.5 miles of 
class 1 bikeway and at considerably less cost than 
that for a typical intersection improvement (inter­
section modification plus signalization). A minimum 
of 10 bicycles can be accommodated in the space 
needed for one car. Providing additional parking 
costs a minimum of $1200 per space (often more). 
Thus, provision of five two-bicycle units at $2500 
in a parking-deficient situation may save at least 
part of the cost of providing nine additional spaces 
(minimum cost $10 800) or it will free parking 
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spaces to permit more commuters to use the station. 
Where lockers are installed, they should be 

rented on a moderate-term to long-term basis, for 
example, in 3-month increments. Regular bicycle 
commuters must be assured that a locker will be 
available for their use. The fee should not exceed 
the actual cost of the administration of the rental 
procedure. In fact, it might not be unreasonable to 
defray or subsidize the rental cost in light of the 
socially desirable benefits that are likely to 
accrue. 

It is recommended that prior to the installation 
of lockers at each station, a preinstallation survey 
be carried out. Such a survey would help determine 
an appropriate fee structure. Passengers who ex­
press interest in renting a locker could be required 
to pay a preinstallation deposit to ensure use of 
the lockers. The deposit would be credited against 
the rental fee once the locker was installed and in 
service. 

The bicycle-locker installation program should be 
carried out in concert with an effort to improve the 
bicycle suitability of roadways leading to those 
rail stations at which the unsuitability of such 
roads has been identified as a significant impedi­
ment to bicycle use (such as Metropark). Discovery 
of such conditions as well as the determination of 
the level of potential bicycle use, demand for 
secure bicycle parking, or other facilities and 
programs to achieve the potential bicycle use iden­
tified could be accomplished by the administration 
of a survey questionnaire similar to that used in 
this study. This procedure could be supplemented by 
coordination with local transportation planners and 
bicycle-interest groups. 
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Public Policy and Decision-Analysis Methods: Development 

of the National Comprehensive Bicycle Program 

C. WILLIAM RYAN AND R. STEPHEN SCHERMERHORN 

The National Energy Conservation Policy Act of 1978 mandated that the U.S. 
Department of Transportation (DOTI conduct a study of the energy conserva· 
tion potential of bicycling. One of the expressed objectives of the study was 
that a comprehensive bicycle transportation program be developed to address 
current obstacles to bicycle use. This paper describes and analyzes the approach 
taken to develop that program. The primary problem encountered in develop· 
ing the program was that there are a multitude of obstacles to increased bicycle 
use and, similarly, a multitude of experts' opinions about which obstacles are 
the most important. To aid in gaining an overview of the issues and experts' 
opinions, a formal decision-analysis method called worth assessment was em­
ployed. During the application of worth assessment, experts organized prob­
lem issues into a hierarchy of program objectives and numerically evaluated 
the relative importance of those objectives for achieving increased bicycle use. 
A comprehensive bicycle program was then synthesized to respond to those 
objectives identified as most important. Difficulties were encountered in using 
the worth-assessment technique, e.g., determination of the level of detail for 
which discussion was appropriate, semantics problems, and a lack of consensus 
among experts on certain issues. However. through the use of worth assess· 
ment the following benefits were derived: (a) a comprehensive overview of the 
bicycling problem was synthesized, (b) experts throughout the country for the 
first time ooncurrently dealt with identical subject material to identify key oh· 
stacles to bicycling, and (c) DOT and Congress were given direction for policy 
priorities based on experts' quantitative rankings of issues. 

In the fall of 1978, Cong re!!!! pa!!!!ed the National 
Energy Conservation Policy Act. Section 682 of that 
act deals with the potential energy conservation and 
other benefits of increased bicycle use in the 
United States. In that section Congress stipulated 
that obstacles to increased bicycle use be studied, 
that a target for commuting bicycle use be estab­
lished, and that the U.S. Department of Transporta­
tion (DOT) "develop a comprehensive program to meet 
these goals." 

DOT contracted with Mountain Bicyclists' Associa­
tion (MBA) of Denver, Colorado, to complete the 
mandated study. Six months later, MBA produced ;:i 

technical report detailing its findings for each 
assigned task as well as a recommended comprehensive 
program Ill· DOT incorporated those findings into a 
report delivered to Congress on May 1, 1980 (_£). 

The tasks undertaken by MBA and DOT representa­
tives were not easy. The charge to build a compre­
hensive program to attack obstacles to increased use 
was particularly intimidating, since in bicycling, 
as in any field, an array of obstacles and problems 
could be identified. These included unskilled 
riders, indifferent policymakers, defective prod­
ucts, poorly maintained facilities, and hateful 
motorists, to name just a few. In addition, almost 
everyone contacted had solutions for each problem 
(MBA developed a list of more than 500 individual 
strategies during this project). This situation 
required that the most important obstacles be iden­
tified and isolated and that a balanced program be 
built to address those obstacles. This paper exam­
ines and analyzes the approach used by the MBA 
project team to accomplish these ends. 

WORTH-ASSESSMENT METHOD 

To develop an optimal comprehensive program, a 
systematic approach must be employed. Impact, Ltd., 
was commissioned by the MBA project staff to evalu­
ate the applicability of decision theory tech­
niques. Within this field there are numerous mathe­
matical methods specifically designed to aid in the 

development of optimal strategies and allocate 
limited resources. Decision-analysis methods model 
the decision-making process, i.e., the mental pro­
cess of defining and organizing objectives, deter­
mining their relative importance, and evaluating 
alternatives in terms of those objectives. (In the 
past, decision-analysis methods have been primarily 
used to evaluate complex alternativesi a classic 
example is site selection for nuclear power plants. 
In contrast, the bicycle study need was to generate 
a comprehensive program, which thus required a 
rather unique application of decision-analysis 
methods.) 

After reviewing several candidate methods of 
varying complexity, Impact selected the worth-as­
sessment method, which was developed by J.R. Miller 
for the U.S. Air Force Systems Command in 1967 (}). 
As applied, this method enabled the project team to 
organize the obstacles and factors that affect 
bicycle use into a logical framework, achieve a 
consensus of bicycle and institutional experts on 
the relative importance of each of those factors, 
statistically evaluate the level of agreement among 
the expert!!, and use this information to frame a 
comprehensive bicycle program. 

ORGANIZATION OF THE PROBLEM 

As applied in the context of the DOT charter, the 
worth-assessment method was used primarily to de­
velop a hierarchical structure to describe the 
bicycling problem (Figures 1-5). A primary objec­
tive was identified, which was then divided into 
four secondary objectives. Those objectives in turn 
were divided into criteria, and criteria were di­
vided into subcriteria, etc. This process facili­
tated analysis of the problem at several levels of 
detail and allowed translation of general objectives 
into detailed criteria for analyzing problem solu­
tions. An analysis of the evolution of that struc­
ture and its eventual use follows. 

Organization of the myriad factors that influence 
bicycle use was accomplished by a panel of bicycling 
experts. During an intensive workshop, the panel, 
equipped with a list of previously identified obsta­
cles, was guided through the worth-assessment pro­
cess and produced a problem structure. 

The first task of the workshop was to develop 
categories of the factors that influence bicycle 
use. The following list was drawn up: 

1. Personal perceptions, 
2. Environmental conditions, 
3. Multimodal opportunities, 
4. Bicycle and bicycle equipment design, 
5. Support facilities, 
6. Implementation considerations, 
7. Behaviors, 
8. Attitudes, 
9. Personal skills, 

10. Motor vehicle design, and 
11. Institutional context. 

For each of the categories the workshop partici­
pants, by means of a brainstorming exercise, identi­
fied obstacles or factors that influence each cate-
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Figure 1. Worth-assessment structure: 
primary and secondary objectives. 

Figure 2. Worth·assessment structure : 
operators'·competence branch. 

Figure 3. Worth·assessment structure: 
product-design branch. 
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Figure 4. Worth-assessment structure: 
transportation-infrastructure branch. 
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Secondary Objective Subcriteria 
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Figure 5. Worth-assessmentstructure: 
institutions branch. 
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Figure 6. Preliminary hierarchical 
structure for institutions. 
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gory, for example, those for the category of envi­
ronmental conditions: existing street; street 
design; street maintenance; land use patterns; 
weather and climate; air quality; topography; bar­
riers; special facilities; bikeways; traffic level, 
speed, and type; continuity; roadway hazards; acci­
dents; intermodal conflicts; signs and signals; 
distribution (time and geographical) ; and traffic 
control. 

Participants were then separated into 
two and assigned a group o f categories 

teams of 
that ad-

dressed similar sub j ects. Each team's charge was to 
translate its listed obstacles and factors into a 
hierarchy of objectives, which was to be combined 
with others to form the overall problem hierarchy. 
The process of developing the hierarchy was an 
iterative one that required input from all panel 
members before agreement was reached. An example of 
one of the interim hierarchies is presented in 
Figure 6. 

The category listings and problem structures 
presented in Figures 1 through 6 provide excellent 
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illustration of some of the difficulties experienced 
when attempting to structure a complex problem. 
Some of the problems experienced were as follows: 

1. Problem specificity: One of the most diffi­
cult aspects is to determine an appropriate level of 
problem specificity. Through the development pro­
cess, however, this problem resolves itself. For 
example, the tendency of the group that developed 
the structure in Figure 6 was to divide general 
categories into more specific parts, e.g., institu­
tions were divided into public, private, and quasi­
sectors. At the next hierarchy level, however, it 
became evident that those sectors had common prob­
lems, i.e., attitudes, priorities, financing, etc. 
In sequential iterations of the structure develop­
ment, the three institutional distinctions were 
dropped and only the general attributes were in­
cluded. This level of detail was deemed appropriate 
for specifying a national program. 

2. Solution orientation: Another difficulty 
encountered was that experts often try to define 
problem factors in terms of a solution. In Figure 6 
one of the problem attributes most often noted is 
public support or public pressure. Public support 
or pressure is a means to an end and was eventually 
generalized to the more-global expression "making 
institutions more responsive." Public pressure is 
only one alternative means for altering that respon­
siveness. 

3. Semantics: Semantics difficulties are common 
to all definition exercises. Terms that have high 
emotional content present particular difficulty. 
One of the advantages of the worth-assessment ap­
proach is that a term used at one level is defined 
by the subsequent terms into which it is divided. 

A comparison of the final worth-assessment hier­
archy and the figures from which it was derived 
reveals that the group's initial category concepts 
were generally maintained, although the order was 
often altered. For example, "environmental condi­
tions" proved to be an awkward term and was dropped 
in favor of "system network". As another example, 
it became easier to assign skills to several types 
of persons rather than to group persons under skills 
as was initially done. 

The final structure was developed in the context 
of a specific application, development of a compre­
hensive national bicycle program. It is not claimed 
to be the only possible problem structure l another 
panel would have derived a different one. The point 
is that it is comprehensive--at some level all the 
obstacles to increased bicycle use that were identi­
fied are addressed. 

There are some limitations to the structure and 
the method used to derive it. An assumption in­
herent in the structure is that of static condi­
tions, i.e., that the economic conditions, political 
situation, people's values, etc., that existed when 
the structure was developed will continue to pre­
vail. As a result, neither the dynamic interaction 
of the objectives nor the influence of exogenous 
factors is modeled. For example, improved institu­
tional response may eventually result in an improved 
transportation infrastructure, and fuel availability 
and cost may alter perspectives. One must be aware 
of these limitations. 

The worth-assessment method met the objectives of 
this application. The structure developed provides 
a concise overview of the problems that inhibit 
bicycle use in the United States today. The frame­
work has been established so that, as conditions 
change, the structure can be altered accordingly. 

As a final observation about the process leading 
to the structure, it was interesting to note the 
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relative ease with which the operator-competence 
branch was developed and the relative difficulty 
encountered in formulating the institutional 
branch. This may have been due to the fact that the 
experts participating were primarily bicycle program 
experts. 

IDENTIFICATION OF CRITICAL OBJECTIVES 

The next step toward developing a national program 
was to assess the relative importance of major 
objectives and criteria that influence bicycle use. 
The team's approach was to solicit opinion from 
recognized experts throughout the country. Those 
experts were divided into two classifications ac­
cording to their expertise. Bicycle program experts 
(persons who have particular bicycling-related 
skills and who are involved in implementing bicycle 
programs) were asked to evaluate numerically the 
relative importance of issues that relate to opera­
tors' competence, product design, and the transpor­
tation infrastructure. Institutions experts (pri­
marily administrators involved with bicycling at an 
institutional or policy level) were requested to 
evaluate institutional-response issues. Both groups 
were asked to evaluate the relative importance of 
the four secondary objectives. Workbooks that 
presented the overall problem structure and instruc­
tions for assigning numerical weights were sent to 
each expert. 

The hierarchical worth-assessment approach allows 
one to systematically evaluate the relative impor­
tance of problem elements in a manageable fashion. 
Rather than having to address the entire problem at 
once, one addresses only one section of the struc­
ture at a time. For example, all decision makers 
were asked to consider initially only the relative 
importance of the four secondary objectives. Then 
institutions experts were asked to evaluate the 
criteria immediately underlying the objective "to 
make institutions more responsive," and bicycle 
experts were asked to consider criteria sets under­
lying the other secondary objectives. Experts were 
then asked to continue through their parts of the 
structure one discrete set at a time until all 
criteria sets were numerically evaluated. 

Response to the workbook was mixed. Of the 
bicycle program experts, 75 percent completed their 
workbooks. One person declined to participate due 
to objections to the method. Of the institutions 
experts, 70 percent completed their workbooks at 
least in part, and two persons objected to the 
method. The primary objections focused on seman­
tics. Considering the problems encountered in the 
workshop, this was not surprising. 

For each objective or criterion, the mean (aver­
age) and SD (variability) of numerical values de­
rived by experts were calculated. These values are 
presented in Figures 7-ll. For each pair of num­
bers, the first value presented is the mean and the 
second is the SD, which indicates the variability of 
values submitted and therefore the degree of unani­
mity among the experts. For each group of associ­
ated criteria or objectives the sum of the mean 
values equals 1. Individual values can be inter­
preted as percentages that reflect the relative 
importance of each criterion in satisfying the 
more-global objective or criterion to which it 
relates. 

Of particular interest was the comparison of 
bicycle program experts' assessments of the four 
secondary objectives with those of the institutions 
experts (Figure 7). These values are also compared 
in Table 1. 

Bicycle program experts seem to agree that ef­
forts to increase bicycle use should focus on opera-
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Figure 7. Experts' importance weights: 
secondary objectives. 

Figure 8. Experts' importance weights : 
operators'-competence branch. 
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Figure 9. Experts' importance weights: Secondary Obj ective 
product-design branch. 
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Figure 10. Experts' importance weights: Secondary Objective Subcriteria 
transportation-infrastructure branch. 
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Figure 11. Experts' importance weights: Secondary Objective 
institutions branch. 
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Table 1. Comparison of secondary-objective importance weights. 

Rank Objective Weight SD 

Bicycle Program Experts 

I Operators' competence 0.39 0.13 
2 Institutional response 0.27 0.12 
3 Transportation infrastructure 0.27 0.08 
4 Product design 0.07 0.05 

Institutions Experts 

I Institutional response 0.38 0. 25 
2 Transportation infrastructure 0.38 0.15 
3 Operators' competence 0.15 0.10 
4 Product design 0.09 0.04 

tor competence and that the secondary emphasis 
should be split equally between institutional re­
sponse and transportation infrastructure. Product 
design is considered to be of negligible impor­
tance. In contrast, the ins ti tut ions experts view 
institutional response as the major obstacle to 
increased use and rate operator competence a low 
third. 

Possible interpretations are interesting. The 
results seem to support one of the obstacles to 
increased bicycle use often cited, i.e., that insti­
tutions experts do not really understand the bicy­
cling problem and therefore often devote funds only 
to highly visible facility projects instead of to 
educational programs. On the other hand, it may be 
argued that the bicycle experts do not truly under­
stand the importance of dealing within system con­
straints. For this study's purposes, MBA officials 
felt that bicycle program experts probably had a 

Subcri ter i a 

IMPLEMENTATION 
.36 .1 

MANAGEMENT 
. 34 . 13 

MANDATE 
.30 .19 

.23 .10 

INDIVIOUALS KNOWLEDGE 
.5 . 2 .27 . 0 

ATirTUDE 
.51 .17 

better overall perspective and chose to use their 
evaluations. 

The experts' evaluations were used to identify 
the critical factors of the bicycling problem that 
should be addressed in the comprehensive national 
program. The detail that seemed appropriate for the 
formulation of a national bicycling program was that 
of the fourth structure level, subcriteria. Thus it 
was necessary to evaluate the importance of each 
subcriterion relative to the overall objective of 
increasing bicycle use. Each subcriterion's weight­
ing factor was derived by calculating the product of 
the weights assigned to the secondary objective, the 
criterion, and the subcriterion itself along the 
path leading from the overall objective to that 
subcriterion. 

Subcriteria are listed in Table 2 in order of 
descending importance as determined by the calcu­
lated importance weights (only the top 20 are 
listed). Again a "total-equals-one" percentage 
format was maintained. A natural division seemed to 
occur between the 19th and 20th criteria. Key 
aspects of the first 19 (as identified by the ex­
perts' weights) were chosen as priority items for 
the national bicycling program. Although these 
values indicate that the top-weighted criteria 
should receive greater emphasis than others, it was 
decided that, given the variability among the re­
sponses from bicycle-program and institutions ex­
perts and the general nature of the program, the 19 
items would be accorded equal emphasis. 

The decision to emphasize a broad range of poli­
cies represents a shift in DOT policy. Prior to 
this study, DOT had been concerned primarily with 
improving the transportation infrastructure. This 
study served to spur the department to pay more 
attention to questions of operator competence and 
institution responsiveness. 
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Table 2. Subcriteria importance weights. 

Rank Objective and/or Criterion Su bcriterion Weight 

I Cyclists Skills 0.088 
2 Institutions/individuals Attitude 0.068 
3 Cyclists Knowledge 0.067 
4 Cyclists Styles 0.064 
5 Motorists Sensibility 0.059 
6 Support facilities Security 0.054 
7 System/network Safety 0.049 
8 Cyclists Values 0.048 
9 Organizations Implementation 0.046 

10 System/network Mobility 0.045 
11 Organizations Management 0.043 
12 Motorists Skills 0.043 
13 Organizations Mandate 0.038 
14 Services Information 0.037 
1 5 Institutions/individuals Knowledge O.Q35 
16 Support facilities Conveniences 0.034 
17 Ins ti tu lions/ individuals Skills 0.030 
18 Motorists Styles 0.029 
19 System/network Use 0.025 
20 Bicycle-related product design Safety 0.018 

As a final note, the experts' SD values were 
evaluated in an attempt to interpret the signifi­
cance of the demonstrated differences of opinions. 
Some possible interpretations are as follows: 

1. Operalor competence: The expert!! !!eem to be 
in general agreement on the important elements of 
improving operator competence at all levels of 
specificity. This indicates that operator-compe­
tence problems do not vary according to locale and 
are commonly encountered throughout the nation. 
Thus programs should easily cross geographical 
boundaries and be amenable to treatment at the 
federal level. 

2. Transportation infrastructure: The experts 
were in fair agreement on critical elements when 
differentiating among general categories. However, 
as the criteria became more specific, less agreement 
was demonstrated. This may indicate that, in gen­
eral, infrastructure improvements are needed in all 
communities but that the more-specific provisions of 
a program should be locality-specific. 

3. Institutional responsiveness: Institutions 
experts did not generally agree on the critical 
elements. This may reflect the complexity of the 
problem and the difficulty encountered in defining 
it. The results may also support the concept that 
every institution has characteristics peculiar to it 
and therefore should be approached as a unique 
entity. 

CONCLUSIONS 

Prior to the DOT-MBA study, promotion of increased 
bicycle use was characterized by a multitude of 
obstacles, varying experts' opinions, and a multi­
tude of possible solutions. Now that this study has 
been completed, the federal government has an indi­
cation based on a survey of expert opinion of what 
tasks should be undertaken to increase bicycle use 
in the United States. Problem organization and 
acquisition of expert opinion were provided through 
the use of the decision-analysis method, worth 
assessment. The following benefits were derived 
from the use of worth assessment: 

1. A comprehensive overview of the bicycling 
problem was synthesized, 

2. Experts throughout the country for the first 
time concurrently dealt with identical subject 
material to identify the key obstacles inhibiting 
bicycling, and 

3. DOT and Congress were given direction for 
policy priorities based on experts' quantitative 
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rankings of issues. The result has been a shift in 
DOT bicycle policy. 

Similar benefits could be realized through use of 
decision-analysis methods in developing local com­
munity bicycle programs or in other transportation 
policy fields. 
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Discussion 

Michael D. Everett 

The study by Ryan and Schermerhorn attempts to 
identify the obstacles to increased bicycling for 
transportation in the United States as part of a 
cungre,;i;lonal and DOT effort to increa!!e bicycling 
to save energy. Unfortunately, the paper provides 
us few, if any, sound insights on the obstacles to 
bicycling or how to actually increase bicycling. 
The study uses a panel of experts to develop hy­
pothesized obstacles to bicycling. This represents 
an exploratory research strategy appropriate when 
the investigators know little or nothing about a 
subject. But well-refereed replicable research and 
theory on the determinants of and obstacles to 
bicycling already existed and would have provided 
testable hypotheses. For example, we knew that 
costs, including time related to distance, consti­
tute very important determinants in most modal 
choices. Articles had developed models that applied 
time costs and distance to explain lack of bicycling 
!!) . Ryan and Schermerhorn virtually ignore time 
costs or distance as obstacles to bicycling. 

Reasonably well-designed and implemented surveys 
consistently find that bicyclists and potential 
bicyclists consider motor vehicle traffic a major 
obstacle, and they state that separate facilities 
would increase their propensity to use the bicycle 
(5,6). Also, studies have confirmen t.hP. ohserved 
cor;elations between levels of traffic, separate 
facilities, and incidence of bicycle transportation 
(7,B). Finally, anyone familiar with the bicycle 
movement knows that some very strident voices have 
proclaimed lack of bicyclist competence to be an 
important obstacle to bicycling. Thus, the authors 
could have generated testable hypotheses without 
assembling an expensive panel survey. They then 
would have had time and resources to test the hy­
potheses. 

For example, a serious study, even one done on a 
crash basis with limited funding, could have tested 
the already known hypotheses on the barriers to 
bicycling--costs (including time), lack of compe­
tence, and fear of traffic--by running correlations 
across communities. Even mail-back surveys could 
have obtained crude but usable data on incidence of 
bicycling, traffic conditions, infrastructure and 
facilities, existence of training programs, and 
distances of origins and destinations to calculate 
time costs. Collecting these data for communities 
that have perceived high rates of bicycling--Davis 
and Santa Barbara, California; Madison, Wisconsin; 
Eugene, Oregon; Tallahassee and Gainesville, 
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Florida; Urbana, Illinois; and, to a much lesser 
extent, Northwest Washington, D.C., and Denver, 
Colorado--and similar communities that have little 
perceived bicycling would have provided data for 
useful multiple-regression analyses to test the 
various hypotheses. 

Rather than testing well-known and for the most 
part well-developed hypotheses on the barriers to 
bicycling, this study at best tells us what bicycle 
program experts think constitute the obstacles to 
bicycling. But even here the study suffers from a 
number of methodological and factual shortcomings 
and distortions: 

1. In Table l why does the study put transporta­
tion infrastructure after institutional response? 
The mean responses are equal and the infrastructure 
has a tighter SD. Changing these positions makes 
infrastructure look very important. But the paper 
never clearly defines infrastructure. Does it 
include separate facilities or just improvements to 
the road or some combination of factors? 

2. Why does the study summarily throw out the 
opinions of the institutions experts, who, under the 
above logic, rank infrastructure first? Surely we 
cannot accept the reason stated in the paper that 
the major contractor, MBA, "felt bicycle program 
experts probably had a better overall perspective 
and chose to use their evaluations." Why should we 
not reason that institutions experts, who presumedly 
do not bicycle to work, more closely represent the 
mass of potential bicyclists whom we must attract to 
have any appreciable effect on energy use, air 
pollution, congestion, levels of exercise and 
health, or other important social variables? But 
why throw out either set unless we have a precon­
ceived position we are trying to support? 

3. How was the panel selected, what was their 
knowledge of the literature, and what were their 
bicycling experiences and tastes? The study tells 
us virtually nothing about the sample of experts. 
Remember, the panel of bicycle program experts 
apparently drew up the basic questionnaire, which 
was then sent out to institutions experts. In that 
questionnaire, facilities apparently were given a 
vague and low-ranking position, and costs, theoreti­
cally the most important determinant, were virtually 
ignored. 

4. Were the bicycle experts really responding to 
the question, "What will increase bicycling" or were 
they also addressing the question, "What ought a 
good bicycling program to contain?" The problem 
with using practitioners to develop predictive 
models is that practitioners tend to become en­
trapped in their values and policies and may have 
less ability than more-detached observers to objec­
tively predict events. 

5. Why did the study fail to mention other 
readily available studies done on obstacles to 
bicycling and attempt to reconcile the conflicting 
conclusions? Were the authors aware of the other 
studies? 

In conclusion, the present study tells us little 
about the determinants of bicycling. It does tell 
us that bicycle program experts (assuming the sample 
is representative) believe that education and bicy­
clist competence play or should play an important 
role in bicycle programs. Most bicycle analysts 
would probably agree with that conclusion and sup­
port responsible education, which also indicated the 
risks of bicycling, particularly for increasing 
safety. But wide gaps may exist between values and 
actual determinants of bicycling. Concentrating on 
values may cause us to miss some of the important 
hypothesized determinants such as distance and time 
costs. We need objective reviews of studies that 
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have tested these determinants <2,~) and further 
testing, such as cross-community studies, if we want 
to understand the obstacles to and determinants of 
bicycling. 

Authors' Closure 

We thank Everett for his comments and welcome the 
opportunity to respond. Feedback invariably indi­
cates points that have been omitted and points that 
have been inadequately explained. In this case we 
appear to have been guilty of a few of the former 
and several of the latter. 

Prior to responding to Everett's concerns point 
by point, a general comment should be made that 
apparently was not adequately explained in the 
paper. Although it was stated in the abstract and 
the introduction to the paper, we should have more 
clearly stressed the fact that our purpose in writ­
ing this paper was not to provide detail of bicy­
cling problems nor the specifics of the DOT study. 
Our purpose was to present a methodology that had 
proved useful so that others could be aware of it 
and possibly adapt it for their use. The paper 
should be read in that context. For more details of 
the DOT study, the reader is referred to the report 
by Moran (1). 

Everett0 s first comments criticize the use of a 
panel-of-experts approach. He implies that an 
alternative approach would have been what we term a 
basic research study. The choice of an approach was 
not ours but that of DOT. In general, the ffrst 
step in a policymaking procedure is to determine 
whether adequate basic research has been conducted 
in the subject area. If so, experts are consulted 
who know the field and the studies to date and who 
help analyze and synthesize available information. 
If not, a basic research study is conducted. Then, 
once the study has been completed, the results 
should be synthesized with other study results by 
experts, so experts should be polled in either 
case. For this study DOT apparently concluded that 
sufficient basic research data were available and 
that expert appraisal and synthesis were needed. 
Expert surveys, however, are usually not very rigor­
ous or explicitly comprehensive . The uniqueness of 
this study was that a large group of experts was 
systematically and objectively surveyed and the 
problem was comprehensively treated. 

The second set of comments made by Everett deal 
with time and cost considerations. These comments 
make clear our failure to provide adequate study 
background information. As explained in the intro­
duction, there were several study tasks, of which 
ours was one. During the obstacles-identification 
task, time and costs were identified as bicycle use 
determinants. However, DOT officials decided that 
policies that address these determinants were not 
within the purview of the study. Thus, the study 
was constrained in its scope. Time considerations 
were considered during the bicycle-use target devel­
opment task through the use of a modal-split model. 

Everett next returns to the theme of a basic 
research study as an alternative approach. This 
time his implication is that such a study would have 
been less demanding on limited time and resources. 
As discussed above, even if such a basic research 
study had been conducted, an experts-synthesis stage 
would still have been necessary. As it was, our 
study required only an initial meeting with a small 
group of experts and a mail-back workbook exercise 
in which some 50 experts were polled. All this was 
accomplished within less than three months. All of 
the testable hypotheses mentioned by Everett were 
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explicitly or implicitly addressed. One can imagine 
the time, cost, and accuracy concerns associated 
with the kind of community sampling that he inti­
mates as appropriate. 

Everett continues with the observation that our 
study "at best tells us what bicycle program experts 
think constitute the obstacles to bicycling." We 
would amend this to read "the most important ob­
stacles." Then the sentence would succinctly state 
the objective and achievement of the study. 

In response to Everett's specific numbered com­
ments, 

1. He is correct about the ranking, although a 
better manner in which to present Table 1 would have 
been to assign both objectives a ranking of 2 and 
list the infrastructure objective first. Since the 
numerical ratings are listed, the impact of such a 
change would have been minor. As discussed in the 
organization of the problem section, hierarchy terms 
are provided definition by subsequent terms into 
which they are divided. This is true for the infra­
structure term. 

2. Everett raised a good point, which was a 
subject of debate at MBA. A counterargument was 
that if the masses understand themselves so well, 
why do we have so many expert psychoanalysts? 
Bicycle program experts are experts because they 
have studied the subject. DOT did kaap this ilource 
of uncertainty in mind, however, when actually using 
the results to develop a program. As is discussed 
in the last part of the section on identification of 
critical objectives, "given the variability among 
bicycle program and institutions experts' re­
sponses," specific rankings were not used in formu­
lating the program. Rather, experts' rankings were 
used as indicators, and the weaknesses of the sur­
vey, as exemplified by Everett's point, were known. 
Thus Everett's charge that we attempted to substan­
tiate a preconceived notion is unwarranted and 
inaccurate. 

3. As stated above, the purpose of the paper was 
to profile the methodology, not to present spe­
cifics. For more information on expert partici­
pants, readers are referred to the report by Moran 
<1.l· Also in this comment, Everett inaccurately 
characterizes the process used. As discussed in the 
paper, a small group of bicycle and institutions 
experts formulated an assessment structure, which 
was then used as the basis for the workbook sent to 

Transportation Research Record 808 

a larger group of bicycle and institutions experts. 
4. Everett's implication is that persons heavily 

involved in a field cannot be objective. We agree 
to an extent but also realize the importance of 
insights that are provided through experience and 
involvement. Thus we always recommend that panel 
representatives differ in background, degree of 
involvement, and perspective. Then results are 
evaluated and used and the biases of the panel and 
limitations of the survey are known. 

5. For a discussion of the studies reviewed 
during the objectives identification task, please 
refer to the task description and the bibliography 
in the report by Moran (!) . 

In conclusion, we again thank Everett for his 
comment and hope that our responses cause the paper 
to be better understood. 
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Bicycle Task Analysis: Development and Implications 
MAUREEN WIRTH, ELLEN CONE, AND KATIE MORAN 

Agreement as to what the critical tasks in bicycling are is essential to the devel· 
opment of valid bicycling educational programs. The bicycle task analysis 
(BTA) represents a significant first effort to describe what is involved in safe 
and efficient bicycle operation. In general, it follows the format of the motor· 
cycle task analysis and the moped task analysis. A panel of 15 nationally rec· 
ognized bicycling specialists reviewed the first draft of the BTA to check for 
inaccuracies, errors of omission, and organizational design. Following a com· 
plete revision of the first draft, the same review panel completed a criticality 
rating. This was a process by which specific tasks were rated in three cate· 
gories: efficiency of operation, accident prevention, and accident severity. It 
is this criticality scoring that does the most to further one's understanding of 
what tasks are most important in bicycling for safe and efficient operation. The 
BTA provides a more reliable basis for developing a bicycling education pro· 
gram than that used by any existing bicycling curriculum. 

A task analysis is a complete description of the 
behaviors, knowledge, and skills necessary for the 
successful completion of a particular task. Task 
analyses have been written for automobile, motor­
cycle, and moped operation, and their most common 
use is in the development of instructional pro­
grams. The reason for this is that a task analysis 
breaks a gross skill, e.g., motorcycle operation, 
into its component parts (such as turning left and 
operating alongside parked vehicles) and also se­
quences the behaviors into teachable segments (e.g., 
approaches in center of lane, observes roadway for 
traffic, proceeds with turn, operates at reduced 



Transportation Research Record 808 

speed and maintains adequate separation, and looks 
for indications that vehicle will enter roadway) • 
In addition to its use in developing educational 
programs, a task analysis can also be used for the 
evaluation of educational programs, the development 
of educational materials, and the understanding of 
correct operational procedures. 

The bicycle task analysis (BTA) recently com­
pleted by Mountain Bicyclists' Association (MBA) 
represents the first effort to systematically cata­
log what is involved in successful and efficient 
bicycle operation. The BTA is similar in format and 
organization to other task analyses. 

The underlying philosophy used in the development 
of the BTA is also important, since this directly 
affected content. Our philosophy is based on two 
premises. First, we believe that the bicycle is a 
legitimate transportation mode that enjoys the 
rights and responsibilities of highway use. Second, 
we support the concept that competent bicyclists and 
motorists must share the road system and that be­
haviors must be developed by both groups to facili­
tate that sharing. We have been criticized by some 
for being too aggressive and by others for being too 
conservative. Perhaps that means we were successful 
in finding a middle-of-the-road approach. Also, it 
was decided that safety, although certainly an 
important element to be considered in any bicycling 
program, must be integrated with efficiency and 
comfort. 

But the BTA was not done as an independent proj­
ect as were previous task analyses. Instead, it was 
completed as the first step in the development of a 
comprehensive bicycling curriculum, an identifica­
tion and analysis of what is involved in bicycling. 
Indeed, MBA is using information from the BTA in the 
formulation of the Comprehensive Bicyclist Education 
Program that was pilot-tested by using 1000 fourth, 
fifth, and sixth graders in several Colorado school 
districts (including Denver) in May 1981. An adult 
program had already been developed. 

In our opinion, the information in the BTA pro­
vides a more reliable basis for developing a bicy­
cling education program than that used by any 
existing bicycling curriculum. Rather than relying 
solely on common sense and intuition, we were able 
to obtain judgments from nationally recognized 
bicycling specialists as to exactly what is most 
critical. This judgment and the most recent 
accident data give a firm foundation for curriculum 
content. 

A complete description of the methodology used in 
writing the BTA as well as an analysis of the re­
sults obtained from the criticality scoring and a 
discussion of future implications follow. 

METHODOLOGY 

Writing a task analysis is somewhat like writing 
one's personal memoirs. There are so many details 
in such a jumble of recollections that it is neces­
sary first of all to establish a framework with 
which to organize the information. 

Organizational Framework 

Our organizational effort for the BTA began with a 
thorough review of the motorcycle task analysis (]J 
and the moped task analysis (2). These provided a 
cumulative structure that st~rted with the most 
basic tasks and built to the more complex ones. 

The first section of the BTA deals with basic 
control tasks--the fundamental bicycle-handling 
skills as they would be performed in an off-road 
environment. This section includes mounting the 
bicycle, balancing, pedaling, turning, stopping, and 
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dismounting. The second section, tasks related to 
the roadway, describes how to negotiate the most 
common roadway configurations (e.g., intersections, 
traffic circles, curves, and downgrades) without 
taking surrounding traffic into account. The third 
section, tasks related to traffic conditions, intro­
duces the specific tasks needed to accommodate 
surrounding traffic. To explain further, the basic 
turning maneuver is described in section 1, correct 
lane position for a left turn through an intersec­
tion is described in section 2, and the process of 
negotiating for a gap in traffic in order to make a 
left turn is described in section 3. The most 
frequently used behaviors are presented in the first 
three sections. 

Sections 4-7 deal with the tasks related to the 
environment, to the operator, to passengers and 
packages, and to special bicycle facilities. 

The key to locating a specific task is determin­
ing what situation creates the need for the be­
havior. For example, scanning is covered most 
completely in section 3 (traffic conditions), since 
scanning is designed to detect overtaking or cross 
traffic. But scanning is also referred to in sec­
tions l and 2 because it is an important habit to 
develop. 

We did differ somewhat from the moped and motor­
cycle task analyses when we attempted to describe 
specific situations frequently encountered by bicy­
clists but not covered in one or both of the earlier 
works. The moped task analysis, for example, does 
not contain behaviors related to negotiating inter­
changes or traffic circles. Although there may be a 
general perception that bicycles do not belong in 
what is viewed as demanding traffic environments, it 
cannot be denied that the average bicyclist is very 
likely to encounter both traffic circles and inter­
changes in normal urban bicycling. We therefore 
modeled our treatment of these two conditions after 
the motorcycle task analysis. We also added a 
section entitled "Surveillance" to the beginning of 
section 3 because we believe that observing for 
traffic is perhaps one of the most important be­
haviors to be considered in a traffic context. We 
also added an entire section on special bicycle 
facilities because of their unique significance to 
bicycle operation and dropped a section on tasks 
related to the vehicle (moped or motorcycle) because 
of the relative simplicity of maintaining a non­
motorized vehicle as compared with a motor vehicle. 

Within each of the sections we created a hierar­
chical structure of headings and subheadings to 
provide the most complete coverage of situations 
bicyclists encounter. Each task was assigned a 
number, which reflected the hierarchical level at 
which it occurred. For example, reducing speed is a 
major heading in section l (basic control tasks). 
There are three topics to be discussed under speed 
reduction: normal speed reduction, rapid speed 
reduction, and emergency speed reduction. These 
three subheadings were structured and numbered as 
follows: 

16. REDUCING SPEED 
16.l Normal Speed Reduction 
16.11 Prepares to Reduce Speed 
16.12 Decreases Speed 
16.2 Rapid Speed Reduction 
16.3 Emergency Speed Reduction 

The specific tasks under each subheading could then 
be addressed in sequence, expanding the hierarchy as 
appropriate. 

To conserve space, information that was presented 
in an early section was not repeated in later sec­
tions. Instead, the appropriate task was listed and 
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a reference provided for more-detailed information. 
For example, hand signals for left and right turns 
and speed reductions are detailed in section 1. In 
later sections in which a signal is required, the 
BTA indicates when it should be given but does not 
repeat how to make the signal. 

Content 

Once the overall structure was designed to ensure 
that everything could be covered under the headings 
and subheadings, it remained to provide the details 
of bicycle operation in each situation presented. 
Two categories of information are provided in the 
task analysis: behaviorn and knowledge or skills. 
"Behaviors" refers to the actual tasks involved, for 
example, "insert foot into toe clips"; behaviors are 
listed in a column on the left-hand side of the 
page. The knowledge-skills section provides infor­
mation needed to complete the task effectively, such 
as, "toe clips are used to increase pedaling effi­
ciency," and thenc arc written in paragraph form on 
the right. The knowledge-skills section also pre­
sents background information on accident data, 
variations in bicycle design or handling, technical 
specifications, and techniques for performing the 
behavior in question. The knowledge-skills section 
was also used to identify restrictions on the use of 
a behavior and to describe alternatives to the 
recommended approach; for example, novices should 
avoid congested traffic circles. 

The content of the first draft was drawn from a 
variety of sources (_!_-!!_), including issues of the 
magazines Dicycle Forum and Dicycling. We also 
relied heavily on our own personal bicycling exper­
iences and on informal observations of bicyclists. 
We were not able to collect formal observational 
data on bicycle operations because of severe time 
and cost limitations. 

The tasks described focus on the general rules of 
safe operation that can be applied in most si tua­
tions. Naturally, there are many differences of 
opinion regarding the correct way to handle a par­
ticular traffic situation. Frequently the differ­
ences of opinion reflect the various operating 
styles and lcvclc of proficiency exhibited by bicy­
clists. Novice bicyclists will frequently opt for 
the course that keeps them as far removed from 
traffic as possible and will always yield to mo­
torists no matter what the traffic configuration 
is. Very experienced bicyclists, on the other hand, 
will frequently operate in the midst of traffic and 
follow all vehicular traffic laws. Both these 
styles reflect the bicyclist's perception of what is 
safe. we were required to examine the variety of 
options for dealing with a specific situation and 
choose one that is most substantiated by the litera­
ture and corresponds most with the abilities of an 
average bicyclist. It also had to be consistent 
with the practice that the bicyclist obeys the rules 
of the road. For example, an in-depth analysis of 
data from the National Electronic Injury Surveil­
lance System by the Consumer Product Safety Commis­
sion in 1976 revealed that loss of control is one of 
the leading factors in all bicycle accidents. This 
is supported by accident data collected by Bike­
Centennial, which reveals that road-surface hazards 
contribute significantly to that loss of control. 
The rock or obstacle dodge is an effective way of 
avoiding a potential hazard such as a rock or a 
pothole without swerving into possible traffic. 
Although the average bicyclist may not be familiar 
with this maneuver, instructors for the effective­
cycling course and the Missoula bicyclist training 
program indicate that it is not difficult for their 
students to learn. Therefore, it is included as a 
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behavior for bicyclists. Not included, however, is 
the bicyclist behavior of jumping his or her bicycle 
over lateral obstructions such as expansion joints 
or railroad tracks. Although successfully used by 
experienced bicyclists, this behavior seems to be 
beyond the average skill level (especially since 
most bicyclists do not use toe clips), and there is 
no indication in the literature that this is the 
only or best approach. Therefore, we chose a more 
conservative method for dealing with lateral ob­
structions. 

In those cases in which we could not determine 
the best way of handling a particular situation, we 
turned to the moped and motorcycle task analyses to 
determine whether there was any similarity in be­
haviors. In many cases we found that the tasks 
required for mopeds seemed to relate well to the 
norms for bicycle use. If anything, they reflected 
a more conservative approach than we were using for 
bicycles. (This could possibly be a result of the 
relative inexperience of moped users as compared 
with bicyclists.) 'l'he motorcycle task analysis was 
used infrequently because of the tremendous differ­
ence in speed capabilities between motorcycles and 
bicycles; however, it was used in the sections on 
negotiating interchanges and negotiating traffic 
circles because it constituted the only written 
documentation of how any two-wheeled vehicle should 
h1rnnl e t-hese situations. Adjustments were made to 
these references to eliminate any behaviors that 
were irrelevant to bicycles, such as use of accel­
eration lanes. 

Clearly, there were many instances in which we 
used our best professional judgment to determine how 
a bicyclist should handle a particular situation. 
There are numerous aspects of bicycle operation that 
have never been considered in a formal fashion; they 
range from the best side of the bicycle to use for 
mounting to which side to use in passing a wrong-way 
oncoming bicyclist. It was our intent to choose a 
particular method, indicate the alternatives in the 
knowledge-skills section, and use our reviewers to 
identify the errors, inconsistencies, and gaps of 
information. 

Level of Detail 

A recurring problem in the preparation of the first 
draft was determining the appropriate level of 
detail. We wanted to describe behaviors in such a 
way that a person unfamiliar with bicycle operation 
would be able to understand them. Therefore, rather 
than say that the bicyclist "shifts gear," we stated 
that the bicyclist "moves gear shift lever until it 
clatters and then moves it further until it becomes 
quiet." But the problem then arises of where to 
limit detail. That same task could be described in 
several subtasks that could identify which hand 
should be used, how fast the lever is moved, or the 
sequence of shifts required to reach a particular 
gear. We avoided this level of detail because of 
two problems. First, the more detail provided, the 
more attention that needs to be paid to the varia­
tions in bicycle design, age of bicycle operator, 
and operating conditions. Not only different styles 
of bicycles (e.g., single speed, th r ee speed, five 
speed, and ten speed), but also different manufac­
turers and components would have to be considered. 
To ignore these factors while providing highly 
specific detail would make the task analysis in­
valid. Another problem to be avoided was the dif­
fering information needs of the various audiences 
for the increased detail. If the detailed informa­
tion needs of an engineer are met by describing the 
degree of lean and pounds of pressure required for a 
turn, the needs of educators would also have to be 
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met through such information as the exact position 
for starting a turn, the frequency of a hand signal, 
etc. The increased volume of information would make 
the document unwieldy. A very pragmatic concern was 
also the limitations of our own information. There 
were many situations in which our information was 
sketchy at best. We tried to restrict our level of 
detail to that which we could firmly support with 
documentation or consensus of expert opinion. 

We also tried to provide general rules of opera­
tion that could be applied in a variety of situa­
tions rather than describe how to handle every 
possible traffic condition. Therefore, we have 
described how to make a left turn in moderate and in 
fast-moving traffic, but we have not established 
special cases for two-lane, three-lane, and four­
lane streets or for turns into driveways or alleys. 
Similarly, we described a recommended maintenance 
check, but we did not describe how to repair any of 
the problems that might be found. We believe that 
the level of detail provided is sufficient to meet 
the needs of our primary audience--those who want to 
teach and measure safe bicycling behavior--and to 
provide direction for those who need to conduct 
more-detailed analyses. 

The preliminary draft was our best effort to 
collect all the information available and organize 
it into a working document. Its primary purpose was 
to elicit comment on the nature of information that 
should be included in a BTA. We then set up a 
two-stage review process--the first a general review 
and commenting procedure, the second an actual 
rating that used a predetermined scale of the criti­
cality of each task to safe and efficient bicy­
cling. Through the first stage of the review we 
hoped to develop a consensus concerning what should 
be included in each task and each section in order 
to produce a complete and accurate BTA. The second 
stage would then pinpoint which tasks were con­
sidered the most critical, so that priorities could 
be established for choosing the material to include 
in a bicycling education program. In the next 
section, we shall discuss reaction to the first 
draft. 

Initial Review 

The review process was a means of substantiating and 
refining the information collected for the first 
draft of the BTA. We selected 15 professionals from 
around the country, who have each developed exper­
tise in at least one area of bicycling (e.g., law, 
accident research, planning, expert bicycling, 
education, traffic engineering, and technical writ­
ing) to participate on the evaluation panel. We 
chose each reviewer for his or her knowledge, ex­
perience, and ability to review the BTA as a tech­
nical document. A list of reviewers and their 
affiliations is presented below: 

Bruce Burgess, executive director, Bicycle Tour­
ing Group of America; 

Ken Cross, vice president, Anacapa Sciences, 
Santa Barbara, California; 

John English, director of research, National 
Committee on Uniform Traffic Laws and Ordinances; 

Steve Faust, planner, Urban Mass Transportation 
Administration, Region II; 

John Fegan, research psychologist, Office of 
Research and Development, Federal Highway Adminis­
tration (FHWA) ; 

John Forester, cycle transportation engineer, 
author of Effective Cycling; 

Richard Jow, contributing editor, Bicycling 
magazine; 

Eileen Kade sh, bicycle coordinator, District of 
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Columbia Department of Transportation; 
Josh Lehman, bicycle program coordinator, 

Seattle, Washington, and contributing editor, 
Bicycling magazine; 

James McKnight, president, National Public Ser­
vices Research Institute, Alexandria, Virginia; 

Mary Meletiou, assistant bicycle coordinator, 
North Carolina Department of Transportation; 

Dick Rogers, chief, Office of Bicycle Facilities, 
California Department of Transportation; 

Alex Sorton, associate director, research and 
development, Northwestern University Traffic Insti­
tute, Evanston, Illinois; 

William C. Wilkinson, program coordinator, U.S. 
Department of Transportation; and 

John Williams, editor, Bicycle Forum, and bicycle 
coordinator, Missoula, Montana. 

We encountered one problem immediately in com­
municating to the reviewers the purpose and organi­
zation of the BTA. The idea of a comprehensive 
listing of tasks involved in an activity had been 
encountered by only a few of the reviewers; this is 
not surprising in that only three task analyses have 
ever been written for highway vehicles. The re­
viewers tended to think in terms of a bicycle edu­
cation program. Their comments reflected the fact 
that they were reviewing the' BTA as a curriculum or 
program in itself, to be used intact by teachers or 
students rather than as a first step in curriculum 
development. Their immediate reaction, therefore, 
was that the BTA was too long and detailed. The 
organization of the BTA also confused many re­
viewers. They could conscientiously comment that a 
task or series of behaviors had been omitted from a 
section when actually the tasks belonged, and had 
appeared, earlier or later. 

The other major issue we dealt with was the 
injection of personal style and opinion into the 
comments. This was not a factor we wanted to avoid, 
since we were requesting individual perceptions of 
optimal bicycling behavior. The reviewers' comments 
merely reinforced our belief that different people 
have different bicycling philosophies concerning, 
for instance, assertiveness, bicyclists' right to 
the road, and types of equipment. Although there 
was strong agreement in such areas as helmet use, 
the reviewers differed widely in areas such as lane 
position. This also served to highlight the need 
for a document such as the BTA to describe the 
consensus. 

Revision Process 

We received approximately 2500 separate comments, 
which included a comment by several reviewers on 
almost every single task in the BTA. We proceeded 
through the analysis task by task. The tasks that 
received several similar comments were changed 
according to the consensus. We accepted the valid­
ity of the reviewers' comments and tended to go 
ahead and revise the tasks accordingly unless a 
distinct conflict appeared between reviewers or 
between reviewers' comments and the philosophical 
guidelines we had developed of viewing the bicycle 
as a legitimate transportation mode. In these 
cases, a resolution was achieved through discussion 
among the three authors of the BTA after having 
reviewed the literature available and having con­
sulted other reviewers. 

The revision process of the first draft also 
revealed some sections that needed reorganization. 
This was accomplished pursuant to specific comments 
generated by the reviewers. One major change in 
organization was made, for example, in section 22, 
(negotiating intersections) • Whereas we had pre-
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viously included an initial segment entitled "Ap­
proaching Intersections," by using the format from 
the motorcycle and moped task analyses, we omitted 
this in the revised BTA because the tasks in this 
and subsequent sections appeared repetitious and 
confusing. Instead we included them under segments 
on traversing an intersection, turning right, and 
turning left. 

Another change was that in the first draft of the 
BTA we tended to analyze alternative behaviors and 
reconunend one, but in the revised draft we presented 
the viable behavioral choices along with the knowl­
edge relevant to each behavior; the task was then 
written as a choice between those behaviors. For 
instance, the first draft of the BTA staled in 
section 8, "avoids bike lanes separated by parked 
cars," whereas the revised edition states, "chooses 
whether to ride in bike lanes separated by parked 
cars." This change of tone was in response to the 
variety of our reviewers' opinions concerning the 
best bicycling behaviors. By stating the various 
problems involved in a situation and the alterna­
tives available, we allow a bicyclist to modify his 
or her behavior according to a specific situation or 
personal consideration. 

Also revealed by the review of the first draft 
was the need for a format that was easier to read 
and comprehend. We followed the format of the 
motorcycle task analysis by indenting, in an outline 
form, each subordinate task. The revised BTA con­
stituted our final draft; the assignment of criti­
cality scores remained as the second stage of the 
review process. 

Criticality Procedure 

The rating of bicycling tasks is essential to the 
development of valid priorities concerning material 
to be taught in a bicycling education program. Any 
program will be operating under time constraints 
from other school courses or from the busy lives of 
adult participants. The bicycling education pro­
grams developed to this point have selected material 
to teach without benefit of any specific research 
concerning which tasks are actually most important 
to bicycling. Only recently have several studies of 
bicycle accidents appeared (2_), which give a solid 
background for deciding which tasks are most crucial 
to the prevention of commonly occurring accidents. 

The criticality procedure used for the motorcycle 
task analysis was our main source of information. 
However, two issues proved unique in our situation. 
The first and most important was that the criti­
cality procedure of the motorcycle task analysis was 
designed solely to choose the tasks that were most 
critical to the prevention of an accident. Although 
we are concerned with teaching safe bicycling, our 
education and bicycling philosophies dictate that 
safety be integrated with efficiency and comfort on 
a bicycle to produce optimal bicycling. 

We therefore realized the need for a system with 
which we could ascertain the tasks that are critical 
to the prevention of accidents and bicycling effi­
ciency; it will be explained in detail under the 
description of our criticality procedure. 

Our other concern with the criticality procedure 
of the motorcycle task analysis was its complexity, 
both for the raters and for the tabulators. There 
were four scores to produce for each task: behavior 
frequency, error probability, accident likelihood, 
and accident severity. The four were multiplied 
together to form an overall indication of criti­
cality. These factors provided the combination of 
the potential frequency and severity of an accident 
attributable to a particular behavior on a motor­
cycle. However, since we did not have hard observa-
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tional data on behavior frequency and error proba­
bility, our reviewers would essentially have to 
guess the scores for these two factors. Therefore, 
we felt that it would be much more valid and satis­
fying to the raters to have them estimate one gen­
eral score concerning the importance of each task to 
the prevention of an accident. This eased the 
tabulation procedure as well as eliminated the need 
to round off individual scores, as was done for each 
of the scores in the motorcycle task analysis. 

In summary, the scoring procedure we developed 
was tailored to 

1. Produce scores relevant to the information we 
needed in order to prioritize educational materials, 

2. Fit with our philosophy that optimal bicycle 
riding includes safe as well as efficient riding, and 

3. Be satisfying to raters who were using their 
experience, knowledge, and personal observational 
data to make judgments on scores. 

The scoring procedure itself involved rating each 
task as to its importance to the following cate­
gories: 

1. Efficiency of operation, 
2. Accident prevention and avoidance, and 
3. Accident severity. 

The efficiency of operation category set up an 
ideal of efficiency, and the rater was then re­
quested to score the correct performance of the task 
as to its effect in reaching or hindering that 
ideal. The ideal reads as follows: The efficient 
bicyclist should operate confidently and skillfully 
and be able to enjoy bicycling, which entails 

1. Functioning as a normal element of the traffic 
flow (obeying traffic laws and rules and recognizing 
the bicyclists' right to the road); 

2. Operating smoothly and without interruption 
(except by normal traffic-control devices); 

3. Operating a vehicle that is a viable mode of 
transportation or recreation (solving problems of 
baggage, weather, environment, etc.); 

4. Maintaining total control of the bicycle 
(operating the bicycle as an extension of self); and 

5. Maintaining riding comfort (pedaling style, 
gearing skills, and riding position). 

The rating scale for this category goes from -5 
to +5; +5 means "vgry significant to reaching the 
ideal"; 0 means "irrelevant to reaching the ideal"; 
and -5 means "great hindrance to reaching the ideal." 

The second category, accident prevention and 
avoidance, requests the raters' estimate of the 
chance or probability of having an accident due to 
the correct performance of a task. An accident is 
defined in the following way. A bicyclist falls off 
the bicycle or falls with the bicycle due to (a) 
collision between a bicycle and a motor vehicle, (b) 
collision between two bicycles, (c) collision be­
tween a bicycle and a pedestrian or an animal, (d) 
collision between a bicycle and a stationary object, 
or (e) loss of control by bicyclist. 

Some tasks apply to the prevention of an acci­
dent, and some apply to the avoidance of an acci­
dent. For example, scanning is more important in 
accident prevention, whereas emergency stopping is 
more closely related to accident avoidance. How­
ever, both types of tasks were scored in this cate­
gory on the same scale. The scale ranges from -5 to 
+5; +5 indicates that the chance of an accident is 
greatly reduced; D means that the behavior would 
have no effect on the chance that an accident might 
occur; and -5 indicates that the correct performance 
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of the behavior greatly increases the chance of an 
accident. 

The negative scale was included as a necessary 
option. Although we felt that all the behaviors in 
the BTA were important for both efficiency of opera­
tion and accident prevention, we wanted to allow for 
differences of opinion. Also, we wanted to deter­
mine what tasks, if any, might hinder efficiency but 
be critical in terms of accident prevention, and 
vice versa. 

The accident severity category defines how severe 
an accident would be if it were to occur in conjunc­
tion with the correct performance of the task that 
is being scored. To increase rating consistency, 
the assumption was made that a helmet and bicycling 
gloves are worn in all cases. The scale used was 
that of the National Safety Council (10). The 
scale, approved by the American National Standards 
Institute (ANSI), ranges from 1 to 5: 

1, no injury; 
2, possible injury (injury that 

claimed by the victim but is not 
servers) ; 

is reported or 
evident to ob-

3, evident injury that is not incapacitating (any 
injury other than one that is fatal or incapacitat­
ing and is evident to observers at the scene of the 
accident); 

4, incapacitating injury (any 1nJury other than a 
fatal one that prevents the person from walking, 
bicycling, driving, or normally continuing activi­
ties she or he was capable of performing before the 
accident; 

5, fatal. 

We did not request the reviewers to rate every 
task in the BTA; we omitted many of the basic han­
dling skills that were described in much detail. 
These tasks (such as maintaining vertical balance on 
a bicycle, mounting, and dismounting) are so funda­
mental to bicycling that no other maneuvers could 
occur without them. We also felt that, in many 
cases, it was adequate to collect ratings for super­
ordinate behavior instead of requesting ratings for 
each detailed subordinate task. For example, re­
viewers were asked to rate "prepares to change 
lanes," a superordinate behavior under which are 
included "signals intention to change lanes" and 
"checks roadway again before initiating lane 
change." But since our purpose was for the re­
viewers to decide which tasks were most critical, we 
felt that most of the tasks should be rated, both to 
furnish a complete data base and to avoid our bias­
ing of the procedure. 

The criticality scores were recorded on a micro­
computer that calculated means and SDs for each 
task. A discussion of the results follows. 

RESULTS 

The final draft of the BTA was read by 12 of the 15 
original reviewers. (Three did not participate 
because of personal time constraints.) Reactions 
were given in two forms: narrative comments from 
the reviewers and the actual criticality ratings. 

Narrative Comments 

The most obvious difference between the comments on 
the first and the final drafts of the BTA was quan­
tity. The final version elicited only 200 or so 
comments, and almost no two comments concerned the 
same item. Though the primary purpose of this 
second review was not general response, as it had 
been for the first version when approximately 2500 
comments were made, the reduced response seems to 
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indicate that many of the changes made in the BTA 
were acceptable to the reviewers. 

There were some errors pointed out. For example, 
we stated in the BTA that using the right arm 
straight out as a right-turn signal was permitted in 
several states, but one of our reviewers pointed out 
that it is a legal signal only in Minnesota. And 
two reviewers suggested that longitudinal (pavement) 
markings are considerably more complex than de­
scribed in the BTA and referred us to the FHWA 
Manual on Uniform Traffic Control Devices. 

Most opinions expressed concerned lane position. 
Generally, the BTA advises the bicyclist to control 
the lane when at an intersection, i.e., assume a 
center-lane position. Several reviewers took excep­
tion to this. One decried the zig-zag approach at 
intersections that would be required for a bicyclist 
riding in the right-lane position who had to move to 
the center and then back again to the right for 
making either a right turn or for traversing the 
intersection. One was very concerned at the pros­
pect that right-turning vehicles would pass on the 
bicyclist's right, although that is exactly why we 
described the maneuver in this manner; i.e., if the 
bicyclist is going to go straight through an inter­
section, why should she or he be in a right-lane 
position that would prevent motorists and even other 
bicyclists from making a legal right-turn-on-red? 
Some took exception to the fact that we recommended 
that bicyclists yield the right-of-way to motorists 
who were obviously not cognizant of the bicyclist's 
rights. Several suggested that the use of diagrams 
might help to clarify some of these complex traffic 
operations. 

Interestingly, one reviewer recommended a slow­
and-scan approach rather than a complete stop when 
dealing with stop signs. Al though many bicyclists, 
adults in particular, confess to using that ap­
proach, few have suggested teaching that method, 
especially to children. (Stopping at stop signs 
received one of the highest scores in the criti­
cality rating for accident prevention and a fairly 
low score in efficiency.) 

Critic ality Ratings 

Differing philosophies widely affected the scores 
given to a particular task. For example, one re­
viewer gave negative scores in the accident preven­
tion category every time a bicyclist left a right­
lane position, even when he or she was preparing to 
turn left. The same reviewer also gave negative 
scores to the perimeter, or two-stage, left turn. 
Another reviewer gave negative scores in the effi­
ciency category every time the bicyclist was to 
stop. Stopping can certainly be inefficient, but 
the criticality instructions had indicated that the 
ideal of efficiency included stopping at traffic­
control devices. 

Throughout the following discussion on criti­
cality scores, numbers given refer to the mean, or 
average score. Every behavior that received a 
particular score is not always discussed. This 
editorial judgment is exercised because we want to 
highlight the most worthwhile findings and because 
the statement "uses emergency braking technique if 
parked car door is opened in bicyclist's path" is so 
closely related to the statement "uses emergency 
braking technique" that the repetition seems point-
less. 

One of the most easily recognized groups of 
scores is the highest. In the efficiency category, 
scores of 4.5 and above were given to the tasks that 
describe gear selection on upgrades. Scores of 
4.0-4.4 were given to tasks that detail proper 
pedaling and accelerating, proper body position, the 
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importance of knowing when to shift gears, and the 
ability to select an appropriate lane. Other high 
scores (3.6-3.9) in the efficiency category were 
given to the following tasks: 

1. Operates in a right lane in a lane-sharing 
position; 

2. Operates in the left position of the lane when 
preparing to make a left turn; 

3. Moves to a center-lane position when merging; 
4. Does not ride facing traffic; 
5. Obeys traffic-control devices on bicycle 

routes; 
6. If oncoming vehicle is yielding, maintains 

speed and position; 
7. Builds endurance prior to long rides; and 
8. Performs regular maintenance checks. 

In other words, according to our reviewers, the most 
critical tasks in terms of bicycling efficiency 
involve gearing, pedaling, maintenance, and lane 
positioning. 

Next are the tasks that received the highest 
scores in the accident prevention category. (Remem­
ber, it was assumed here that all bicyclists are 
wearing a helmet and gloves.) Scores of 4.5 and 
above were given to the following: 

1. Scans left, right, and left again; 
2. Responds to red lights and stop signs; 
3. Does not ride facing traffic; 
4. Crosses intersection only when safe; and 
5. Maintains an adequate stopping distance be­

tween the bicycle and a preceding vehicle on a 
downgrade. 

Scores of 4.1-4.4 were given to the following: 

1. Reduces speed in emergency; 
2. Scans to rear and side before chcinging lcine 

position; 
3. Scans surroundings on and off the roadway 

continuously, shifting gaze frequently; 
4. Continuously scans roadway ahead and to the 

sides; 
5. Scans behind prior to any lane changes; 
6. Signals left turns; 
7. Maintains safe speed on downgrades; 
8. Observes road surface more closely on down­

grades; 
9. If a passing vehicle attempts to return to 

the lune prcmuturcly, clowc quickly, moves to the 
right, and leaves the roadway if necessary; 

10. Yields the right-of-way to cross traffic when 
required; 

11. Even if cross traffic should yield, yields if 
necessary; 

12. Reduces speed if necessary to avoid conflict 
with a left-turning vehicle; 

13. Makes independent judgments when riding with 
a group; 

14. Determines whether gap between oncoming 
vehicles is sufficient for a left turn; and 

15. Uses a headlight and taillight if riding at 
night or on dark roads. 

In summary, our experts are telling us that the most 
critical tasks in terms of accident prevention are 
scanning, stopping at stop signs and red lights, 
riding with the traffic, being able to stop quickly 
without losing control of the bicycle, knowing which 
lane to be in, using lights at night, and yielding 
when necessary to avoid conflicts (defensive driving 
strategies). 

The reviewers have clearl y indicated the most 
critical tasks in terms of both efficiency of opera-
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tion and accident prevention. Of interest is an 
examination of the differences between the two and 
of whether there were times when accident prevention 
scores were higher than those for efficiency. This 
was found to be so. Tasks that received a score of 
2.5-2.9 higher in accident prevention than in effi­
ciency include "responds to red light," "responds to 
flashing red light or stop sign," and, "leaves road­
way if necessary if vehicle pulls in front of bicy­
clist." Other tasks that were rated 1. 5-2. 4 higher 
in accident prevention than in efficiency are "uses 
hand signal for normal speed reduction," "reduces 
speed rapidly," "reduces speed normally," "responds 
to yellow light, flashing yellow light, and yield 
sign," "signals left turn," "makes a perimeter 
(two-stage) left turn," and "selects an alternate 
route or avoids riding in conditions of limited 
visibility." 

The accident severity category proved difficult 
because accident severity is a function not only of 
bicyclist behavior but also of environmental condi­
tions, motor vehicle speed, etc. But in general, 
the highest accident severity scores tend to paral­
lel the highest ace ident prevention scores. Also, 
there were several unique factors in this category 
that affected the average score. First, several 
reviewers gave a range for a score; i.e., 3-5 rather 
than one particular score. And second, if a re­
viewer recorded a zero for acci~ent prevention, 
accident severity was automatically recorded as a 
blank; this meant thcit often the ciccident. severity 
score was an average of fewer than 12 scores. 

The SD revealed some interesting findings. 
Remember that the efficiency of operation and acci­
dent prevention categories could be rated from +5 to 
-5 (although very few minus scores were recorded), 
whereas the accident severity category was scored 
from +l to +5. This difference in the range of 
scores would create the appearance of more reviewer 
agreement on accident severity. nespite this biils, 
consider the following variations of the SD. In the 
efficiency of operation category, the SD ranged from 
0.7 to 4.8; in accident prevention, from 0.4 to 3.8; 
and in accident severity, from 0.5 to 1.7. An SD of 
O. 9 or less was scored for only five of the tasks 
(out of 627 rated) in the efficiency of operation 
category, 102 of the tasks in accident prevention, 
and 303 of the tasks in accident severity. Con­
versely, an SD of 3.0 or higher was recorded for 15 
of the tasks in efficiency of operation, four of the 
tasks in accident prevention, and none of the tasks 
in accident severity. This sccmc to indicate that 
there is more agreement as to what is important in 
terms of accident prevention and accident severity 
than in efficiency of operation. This may be be­
~ause of the amount of accident research that has 
been completed during the past 10 years, whereas 
bicycling efficiency has not been so well documented. 

Not surprisingly, the greatest agreement (SD of 
0.9 or less) for tasks in efficiency of operation 
parallels that for the most critical tasks: uses 
gears to maintain cadence and performs a regular 
maintenance check. There was also widespread agree­
ment that using eye protection is not particularly 
important. There was less agreement (SD of 3.0 or 
higher) abou t dismounting and backtracking to alter ­
nate routes if signing prohibits bicycles and if 
necessary walking the bicycle on sidewalk bicycle 
paths. 

In terms of accident prevention, the greatest 
agreement (SD of 0. 5 or less) concerned scanning, 
riding with traffic, and maintaining lane position 
while proceeding through a curve. There was less 
agreement (SD of 2.5 or higher) about using a leg or 
belt light if one is infrequently caught in the dark 
for a short time and well-lighted routes are avail-
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able and about operating in a center-lane position. 
The most disagreement (SD of 3.8) concerned the 
following task: "when traversing an intersection, 
moves to left position of lane if there is heavy 
right-turning traffic." 

Summary of Results 

An array of numbers and list after list of tasks can 
be disconcerting. In an effort to place our find­
ings in a simpler format, we prepared the following 
summary: 

1. Some tasks limit efficiency but are important 
in terms of accident prevention. 

2. There is greater agreement as to what is 
critical in terms of accident prevention than as to 
what is critical in terms of efficiency of operation. 

3. The most critical tasks in terms of efficiency 
of operation include (a) uses gears properly i (b) 
pedals with pressure on ball of foot, uses toe 
clips, and maintains a steady cadence i (c) performs 
regular maintenance checks i (d) selects appropriate 
lanei and (e) builds endurance prior to long rides. 

4. The most critical tasks in terms of accident 
prevention include (a) scans continuously, (b) 
responds to stop signs and red lights, (c) rides 
with traffic, (d) uses emergency speed reduction 
when required, (e) signals left turns, (f) selects 
appropriate lanes, (g) yields when necessary to 
avoid a conflict or collision, (h) makes independent 
judgments when riding with a group, and (i) uses a 
headlight and taillight when riding at night or on 
dark roads. 

The results also indicate that, although there is 
agreement that lane position is important to both 
efficient operation and accident prevention, there 
is no consensus as to what the best lane position 
actually is. For example, the task "operates in the 
right of the lane (right lane or lane-sharing posi­
tion) on roads that have wide lanes, and when there 
is a safe (defined as maintaining an adequate lat­
eral separation from hazards that occur on the right 
side of the road, such as sewer grates and doors of 
parked cars, as well as from hazards to the left, 
such as overtaking vehicles) or right-lane position" 
received a 3.9 for efficiency and a 3.8 for accident 
prevention. But a lower rating (2.9 for efficiency 
and 2.0 for accident prevention) was given to the 
task "operates in the center of the lane (center 
lane or lane-occupation position) on roads that have 
narrow lanes when no safe right-lane position 
exists, when operating at the speed of traffic, when 
traveling through an intersection, when crossing 
narrow bridges, when preparing to change lanes to 
the left, and when in a center or left lane." There 
was, however, more agreement about "operates in left 
position of lane when preparing to turn left," which 
also received higher scores (3. 6 for efficient 
operation and 2.5 for accident prevention). 

Lane position is, of course, especially important 
when the rider negotiates intersections. The BTA 
recommends moving to the center position of the lane 
when it is clear in order to go straight through or 
traverse an intersection. This received a higher 
score for efficiency (2.5) than for accident preven­
tion, with an SD of 2.1 and 2.7, respectively. 
However, moving to the left lane or left-lane posi­
tion to prepare for a vehicular left turn in moder­
ate traffic received a 2.3 for efficient operation 
and a 3.1 for accident prevention. 

CONCLUSIONS 

The BTA has significance in several areas. First, 
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it clearly highlights the most critical tasks (such 
as scanning), which obviously should be included in 
the development of any educational program. It also 
points to the fact that on-bicycle training, espe­
cially to teach skills such as emergency stopping, 
is essential. Second, it provides a basis by which 
existing programs may be evaluated. This is impor­
tant because, in our opinion, many bicycling curric­
ula available today do not include adequate in­
struction on scanning, emergency stopping, proper 
gearing and pedaling techniques, etc. (11). Third, 
the detailed description of bicycle operation may 
also be used to evaluate bicycle facilities. 

What are the successes of the BTA? For the first 
time, an effort has been made to describe the con­
sensus of leading bicycle specialists. Also, it is 
an attempt to focus on bicycling as a whole and to 
integrate safety aspects with considerations of 
efficiency. In addition, the BTA provides an over­
all structure for reviewing the field of bicyclingi 
it can easily be used as a general resource or 
reference document, perhaps as an introduction for 
new people in the growing field of bicycling. But 
most important, it begins the major task of iden­
tifying what is truly critical in bicycle operation. 

In spite of the successes of the BTA, there are 
also some limitations, which suggest future research 
needs. First, there is an obvious need for more 
formal observational data. In particular, more work 
needs to be done to determine the optimal lane 
position for bicyclists in different situations. In 
addition to an analysis of accident data to deter­
mine the bicyclists' s lane position in a variety of 
situations, field observations could be conducted to 
describe the lane position assumed by most bicy­
clists negotiating intersectionsi bicyclists trained 
in the procedure detailed in the BTA could also be 
observed. Another need is to collect data concern­
ing what lane positions to recommend to bicyclists 
based on both their age and skill level. The ques­
tion of judgment must also be addressed--i.e,., the 
bicyclist asks not simply "Is this maneuver safe?" 
but "What maneuver is safest at my skill level in 
this particular traffic situation?" And more em­
pirical data are needed to back up the criticality 
ratings in both the accident prevention and accident 
severity categories. It must be pointed out that 
any educational program based on the BTA, which does 
a thorough job of describing what is involved in 
bicycle operation, must also include information on 
basic traffic concepts. In general, it seems vital 
that those involved in bicycling come to some sort 
of agreement on the "how to's" of bicycling. If 
there is discord among those in the field and more 
and more people are deriving both a career and a 
livelihood from bicycling, how can our needs be 
adequately presented to decision makers in govern­
ment and education? 

There is increasing concern for energy conserva­
tion and continuing interest in the importance of 
physical exercise, both of which are well served by 
bicycling. A document such as the BTA represents a 
significant and timely first step in consolidating 
information about bicycling that can be used in 
developing educational programs for bicyclists. But 
in many respects, the BTA raises as many questions 
as it answers. It is our sincere hope that the BTA 
will serve as an impetus for further research, for 
we view the BTA not as an end, but as a beginning. 
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Engine Tune-Ups and Passenger Car Fuel Consumption 

PAUL J. CLAFFEY 

The effect of engine tune-up on passenger car fuel consumption, including 
criteria for determining when tune·ups are needed for achieving good fuel 
economy, was investigated as part of a 1975 Federal Highway Administra· 
tion study. A sample of 22 recent-model family cars was selected for the 
study. Each car was operated at a series of uniform speeds on a level 
straight test road, both immediately before and immediately after a major 
engine tune-up. Road, weather, and speed conditions were identical for the 
test runs before and after engine tune-up. Fuel consumption data were 
recorded for all test runs. A table was prepared that shows the percentage 
of change in fuel consumption that resulted from the tune-up for each of 
the 22 test cars. This table also lists for each car the age at the time of the 
study, the accumulated mileage, and the distance traveled since the last 
tune-up. The principal conclusion of the study is that passenger car tune­
ups for cars less than six years old are unlikely to improve on-the-road fuel 
economy unless there is some evidence of actual fuel loss or waste. Out of 
the sample of 22 cars, only a third operated with better fuel economy in 
the normal range of running speeds after tune-up than before. Fourteen 
percent consumed more fuel per mile of travel after tune-up than they did 
before. 

The improvement in passenger car fuel economy that 
can be expected from a major engine tune-up for cars 
in use less than six years was investigated for the 
Federal Highway Administration in 1974 and 1975. 
The purpose of the study was to develop on-the-road 
data on the fuel economy benefits of engine tune-ups 
for family cars during their first five years of 
service. Study details on which this paper is based 
were given in a report by Claffey !ll· 

Reports of two recent investigations to determine 
the effect tune-ups have on passenger car fuel econ­
omy are available. However, neither study involves 
the direct measurement of on-the-road passenger car 
fuel economy before and after full engine tune-ups. 
Walker and others (2) report that in diagnosing a 
random selection of S666 cars in service they found 
that only about a third needed engine maintenance to 
improve fuel economy. These researchers also ar­
ranged for tune-ups for a small sample of the cars 
that were found by inspection to need engine mainte­
nance to save fuel. Laboratory fuel economy mea­
surements that used a dynamometer before and after 
the tune-up of each of these cars indicated that the 
tune-ups improved fuel economy by about 10 percent. 
A study by Bayler and Eder (_l) found from an exten­
sive review of the records of engine tune-ups to 
correct emissions deficiencies for 322 cars and of 

the corresponding fuel economy data that such tune­
ups resulted in an average improvement in fuel econ­
omy of 4. 7 percent. They also arranged for engine 
tune-ups for a random sample of 26 compact cars and 
for il rilndom sample of 31 intermediates. In each 
case fuel economy was determined both before and 
after the tune-up by using laboratory measurements 
with the dynamometer. They found that tune-ups im­
prove the average fuel economy of the compacts by 
2. 7 percent and that of the intermediates by 1. 6 
percent for a pattern of highway speeds. 

The study reported on here involved measuring the 
fuel consumption rates of a selection of 22 cars 
from the population of family cars in normal use 
both before any change was made in the vehicle and 
again after a complete tune-up. Before and after 
fuel consumption rates were determined for each car 
while it was idling and for uniform on-the-road run­
ning speeds of 16.1 km/h (10 mph), 32.2 km/h (20 
mph), 4B.3 km/h (30 mph), 64.4 km/h (40 mph), B0.5 
km/h (50 mph), and 96.4 km/h (60 mph) on a section 
of paved level straight road. All test runs were 
made when air temperature was between 23.3°C (B0°F) 
and 26.0°C (90°F), humidity was between 60 and 70 
percent, there was no wind, and the pavement was 
dry. All before-and-after test runs for each car 
were made by the same test-car driver and always in 
the same manner. Tire-inflation pressures were 
noted when each car was received from the owner. 
These were not changed. 

SELECTION OF TEST VEHICLES 

Each of the 22 vehicles used in the study was a fam­
ily car less than six years old at the time of the 
study. Fifteen were standard or luxury-type cars 
and seven were small cars or compacts. Twelve were 
customarily operated in a rural area (the vicinity 
of Potsdam, New York) and 10 in an urban area 
(Utica, New York). No attempt was made to select 
one car model rather than another. 

A 22-car sample is, of course, too small to rep­
resent adequately the millions of cars registered in 
this and other countries if each car in the popula­
tion is unique. However, each car is not unique. 
Only a few manufacturers produce all the cars and 
car parts in use. The test sample includes vehicles 
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Table 1. Change in fuel consumption for 22 passenger cars after major engine tune-up. 

Change in Fuel Consumption (%) 

Odometer Distance Since At Uniform Speeds of 
Car Model and Reading Last Tune-Up Idling in 
Year Age (years) (km) (km) Gear 

1970 Chevrolet 4 46 66 1 II 263 +4.3 
1971 Mercury 3 97 71 3 8 045 +3.5 
1973 Nova I 19 308 II 263 +2 5.0 
1973 Oldsmobile I 16 090 16 090 +27.4 
1973 Plymouth I 27 353 27 353 - 26 .0 
1973 Chevrolet I 27 353 27 353 -5.8 
1973 Plymouth I 32 180 27 353 NC 
1970 BMW 4 11 5 848 16 090 -1 3.6 
1970 Pontiac 4 157 682 40 223 NC 
1971 Dodge 3 48 270 20 917 - 1.7 
197 1 Ford 3 65 969 32 180 NC 
I 972 Oldsmobile 2 74 014 8 045 +27.4 
1974 Matador 'h 8 850 8 850 - 40.7 
1970 Volvo 4 65 969 16 090 - 27.2 
I 970 Valiant 4 96 540 16 090 +32.3 
1971 Vega 3 54 706 25 744 +I 1.6 
1972 Oldsmobile 2 57 924 57 924 +27.4 
1973 Buick I 20 917 20 917 +3.3 
1974 Mustang II y, 16 090 16 090 NC 
1970 Plymouth 4 54 706 11 263 NC 
1973 Ford l 37 007 37 007 NC 
1972 Chevrolet 2 48 270 24 135 - 20.1 

Note: 1 km = 0.6 mile; NC = no change. 

produced by each of the three major motor companies 
of the United States and by two foreign firms. The 
tune-up needs of the sample cars reflect the dura­
bility and service characteristics of the tune-up 
parts produced by parts manufacturers from all over 
the country. Tune-up parts (spark plugs, carburetor 
kits, distributor caps and points, for example) are 
standardized mass-produced items that can be ade­
quately represented for the purposes of this study 
by a small sample of cars. 

TEST PROCEDURE 

The test procedure for determining the effect of a 
tune-up on a passenger car's fuel consumption was 
identical for each of the 22 test cars. Just before 
the tune-up the fuel consumption while the car idled 
in gear was recorded. Following this, the fuel con­
sumption for operation at a set of uniform speeds 
that varied from 16.l km/h (10 mph) to 96.4 km/h (60 
mph) was measured for operation over a 1219-m (4000-
ft) section of straight level test road. Then the 
vehicle was taken to a service station at which a 
mechanic skilled in tuning the particular model be­
ing tested gave the car a complete tune-up. After 
the tune-up, the fuel consumption of the car was 
again determined for exactly the same operating con­
ditions and procedures as before the tune-up. 

Fuel consumption measurements were made by using 
the photoelectronic fuelmeter developed for the 
Transportation Research Board (TRB) in 1964 in con­
nection with fuel consumption studies carried out 
for TRB from 1964 to 1970. This fuelmeter has been 
fully described (i)· All fuel consumption data were 
recorded in the field in units of 0.001 gal. 

The tune-up performed on each of the 22 cars is 
commonly called a major tune-up and consists of the 
following operations: 

1. Replacement of all spark plugs: 
2. Replacement of breaker points: 
3. Replacement of condenser; 
4. Replacement of air cleaner: 
5. Inspection and replacement, if necessary, of 

distributor case, distributor cap, distributor 
rotor, and spark-plug wires; 

16.I km/h 48.3 km/h 80.5 km/h 

- 10 -IS - 20 
NC -10 -1 4 
NC NC -8 
-9 -11 -1 2 
-1 0 -4 NC 
+6 -3 - 3 
+4 - 6 -5 
NC NC NC 
NC NC NC 
NC NC NC 
NC NC NC 
NC NC NC 
NC NC NC 
NC NC NC 
NC NC NC 
NC NC NC 
NC NC NC 
NC NC NC 
NC NC NC 
+14 NC +1 0 
+16 +7 +8 
NC +4 +4 

6. Inspection and adjustment, if necessary, of 
heat riser, automatic choke, carburetor, and pollu­
tion controls; and 

7. Performance of compression test. 

STUDY RESULTS 

The results of the study are summarized in Table 1. 
In this table each test car is identified by model 
and year of manufacture. The age of each car is 
also given, along with the total mileage (odometer 
reading) and the mileage since the last tune-up. 
The percentage of change in the rate of fuel con­
sumption as a result of the tune-up is given for 
each vehicle while it is idling in direct gear and 
for running speeds of 16.l, 48.3, and 80.5 km/h. 

The test vehicles that benefited most from the 
tune-up for on-the-road ' operations are the first two 
cars listed in Table 1. In the case of each of 
these vehicles, fuel consumption rates were very er­
ratic and varied widely on the test runs before 
tune-up. After tune-up, their fuel consumption 
rates were stable a...;d repeatable. The erratic fuel 
consumption rates before tune-up indicated a defi­
nite breakdown somewhere in the fuel systems or ig­
nition systems of these cars that resulted in random 
losses of fuel. The first car listed in the table 
was actually leaking gasoline around the carbu­
retor. One of the findings of this study is that 
there is often evidence of fuel waste when a vehicle 
really needs a tune-up to save fuel. Erratic fuel 
consumption rates usually mean leaking fuel lines or 
other directly observable phenomena related to fuel 
loss. 

Neither the overall mileage (odometer reading) 
nor the distance traveled since the last tune-up 
seem to relate to the fuel economy benefits of an 
engine tune-up. Neither of the two sample cars that 
had the highest accumulated mileage (the 1970 BMW 
and the 1970 Pontiac) gained improved fuel economy 
as a result of being tuned up. Similarly, neither 
of the two cars that had traveled the greatest dis­
tance since the previous tune-up (the 1970 Pontiac 
and the 1972 Oldsmobile) had any better fuel economy 
after the tune-up than before. The implication of 
this finding is that owners should have some reason 
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for believing that a tune-up will result in improved 
fuel economy other than accumulated mileage or mile­
age traveled since the last tune-up before investing 
in an expensive tune-up to save fuel. 

CONCLUSIONS AND RECOMMENDATIONS 

The principal conclusion is that passenger car tune­
ups for cars less than six years old are unlikely to 
improve fuel economy unless there is some evidence 
of actual fuel loss or waste. Out of a random 
sample of 22 cars, only about a third operated with 
better on-the-road fuel economy after tune-up than 
before. Over half of the test cars showed no change 
in on-the-road fuel economy as a result of the 
tune-up, whereas three of the 22 test cars actually 
used more fuel. Two of the cars that operated with 
improved on-the-road fuel economy as a result of en­
gine tune-up had very erratic fuel consumption pat­
terns before tune-up. The erratic fuel consumption 
patterns were eliminated by the tune-up. In the 
case of these two cars, the tune-up corrected a par­
ticular engine malfunction that was wasting fuel. 
One operated with better fuel economy after tune-up 
than before because a fuel leak around the carbu­
retor was corrected by using a new carburetor kit. 
The other achieved improved fuel economy through re­
placement of a spark-plug wire. A third vehicle got 
better fuel economy through replacement of the dis­
tributor rotor. The remaining four test cars that 
had better on-the-road fuel economy after tune-up 
than before benefited from carburetor and timing 
adjustments. 

There wac no evidence that replacement of spark 
plugs, points, and condensers improved fuel economy 
in any of the test cars. This does not mean that it 
did not help in some of the cars, but fuel economy 
improvement was due principally to other elements of 
the tune-up work, especially engine adjustments and 
replacement of malfunctioning engine parts. 

It is suggested that diagnostic service stations 
be established at convenient locations where car 
owners can take their cars for analyses of engine 
fuel economy characteristics. Such stations, by us­
ing precise fuelmeters and a dynamometer, could 
identify cars that had poor fuel economy attribute:::; 
and suggest tune-up work needed to improve fuel 
economy. Whether or not such stations are made 
available to the motoring public, all automobile me­
chanics should be given specific training on how to 
spot evidence of engine malfunctioning that results 
in poor fuel economy. Furthermore, drivers them­
selves should have available some kind ot instruc­
tion sheets that explain how to recognize the more 
easily observable engine conditions associated with 
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poor fuel economy. These include such conditions as 
fuel-line leaks and erratic overall fuel consumption 
rates. Fuel economy diagnostic centers, special 
training for mechanics, and instruction sheets for 
car owners are all suggested as means of identifying 
cars that have engines that are wasting fuel and the 
reasons for the waste so that corrective measures 
can be taken. 

Neither major nor minor tune-ups are recommended 
for recent-model cars to improve fuel economy unless 
there is evidence of an engine malfunction of some 
kind that is causing a waste of fuel. Fifteen of 
the 22 test cars in the study sample (68 percent) 
either gained no improvement in on-the-road fuel 
economy from the tune-up or had poorer economy after 
the tune-up than before. There is only approxi­
mately one chance in three that a recent-model car 
will gain improved on-the-road fuel economy as a re­
sult of the tune-up. Since such tune-ups are ex­
pensive, they should be resorted to only when there 
is evidence that they will produce a fuel economy 
improvement. 
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