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Traffic safety efforts, like safety programs in other 
fields, involve four basic steps. They are (1) problem 
identification, (2) countermeasure development, (3) 
countermeasure implementation, and ( 4) evaluation. 
Certainly there are many tasks and sub-tasks associated with 
these steps, and they can be arranged in a slightly different 
order or given different names, but most safety programs 
have this structure. Also, the steps are not independent . 
That is, activities performed in one step will influence 
activities in others. They are repetitive in that the process 
of working through the steps continues until the problem is 
either solved or a decision is made to stop . 

Implementation or evaluation of a countermeasure 
may suggest ways of improving its efficiency or effectiveness, 
leading to the implementation of a revised countermeasure 
that, in turn, is evaluated. The repetitive nature of the 
process is illustrated in Figure 1. It should be noted that the 
evaluation of a countermeasure may also become a means 
of problem identification, thus reducing the number of steps 
after the initial repetition . 

TRAFFIC SAFETY PROCESS 

PROBLEM IDENTIFICATION 

• COUNTERMEASURE DEVELOPMENT 

• COUNTERMEASURE IMPLEMENTATION 

• -\... EVALUATION 

Figure 1. 



EXAMPLE OF SAFETY PROCESS 

The city council of Long Suffering, Texas, determined that there 
are too many crashes involving alcohol in the town. Council 
member Mr. Outspoken suggested that something needed to be done 
about the problem. Ms. Rhodes of the Department of 
Transportation was contacted to see if she had any ideas. 

Ms. Rhodes knew that, in similar situations, other cities used off
duty police officers to concentrate exclusively on detecting and 
arresting people driving under the influence. After a few phone 
calls, she determined that the local police chief and many of his 
patrol officers would be willing to participate in such a .s,elective 
traffic ~nforcement 12roject (STEP) if funds could be obtained to pay 
for the overtime work. 

Ms. Rhodes helped Chief Above and Mr. Outspoken prepare a 
grant application for support of their proposed STEP effort. The 
council approved the grant arrangements and the Traffic Safety 
Section of the Department of Transportation provided funds for 
overtime enforcement hours to be applied within a period of six 
months. Chief Above assigned Captain Beyond the task of 
organizing and directing the STEP activities. 

At the end of the six month enforcement period, Captain Beyond 
reported to his Chief and Councilman Outspoken that DWI arrests 
increased by 50 percent during the enforcement period and that 
crashes involving alcohol were down five percent. Mr. Outspoken 
was pleased with the arrest activity but somewhat disappointed in 
the crash reduction. Chief Above noted that the majority of the 
DWI arrests made involved drivers with a high blood alcohol 
~ncentration (BAC). He suggested that if his officers had 
additional training in field sobriety testing, they would be better 
equipped to arrest those intoxicated drivers with lower BAC levels. 
It is this group, he theorized, that is responsible for a greater 
number of crashes. 

The Chief, the Councilman, and the Captain then approached Ms. 
Rhodes with the idea of funding training for the officers followed 
by another six months of STEP. Again, Ms. Rhodes was able to 
secure funding for both activities with participation by the city on a 
cost sharing schedule. 
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Identification of the primary problem in traffic safety 
is deceptively obvious. The problem is the death, suffering, 
and loss of property resulting from vehicular crashes. This 
is frequently referred to as the "bottom line." Indeed, these 
losses are the problem associated with the entire highway 
transportation system. Descriptions of the magnitude of the 
crash problem are useful for developing interest in and 
support of safety efforts. However, they are seldom 
definitive and do not aid in identifying the causes of crashes . 

THE TRAFFIC SAFE1Y PROBLEM 

Crash Occurrence 

Crash Severity 

It has been said that a problem well defined is a 
problem soon solved; the traffic safety problem is no 
exception. General descriptions of the numbers of crashes, 
fatalities, injuries, and the financial losses occurring each 
year encourage support for safety, but do not provide 
direction for solving or reducing the problem. In order to 
formulate measures to improve safety, it is necessary to 
define the problem in as much detail as possible. This step 
will assist in determining the priority of various safety efforts 
and the allocation of resources and will provide insight into 
what measures may be taken to counter the problem. 

System Failure 

The complex variety of roadways, vehicles, and 

3 
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roadway users forms a transportation system organized to 
transport people, produce, and products safely and efficiently. 
The individual components of drivers, vehicles, and roadways 
interact in an overall environment that include varying 
conditions such as weather and lighting levels. 

In order for the transportation system to accomplish its 
goal, there must be movement. This movement is controlled by 
humans, and humans make mistakes. A mistake in controlling 
the motion of a vehicle is considered an error. Some errors, 
because of their nature and because of when and where they 
occur, do not disrupt the system. However, a small portion of 
the errors that are made lead to collisions, which is a form of 
system failure. When collisions occur, the system fails to 
transport the vehicle, its user, and its cargo safely and 
efficiently to their destination . 

There are two general classes of failures that produce 
crashes in the highway transportation system . 

SYSTEM FAILURE 

System Movement Controlled by Humans 

Human Control is Subject to Error 

Errors Can Lead to System Failure 

Idiosyncratic system failures are those that occur 
randomly due to transient failures of system components . 
These failures, while predictable in their occurrence, are not 
predictable as to where, when, and to whom they will occur. 
An example is the crash that occurs when a driver falls asleep 
and runs off the road. Another is the crash that occurs at a 
signalized intersection after power has been lost due to a 
thunderstorm. As long as humans are operating any part of the 
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system, crashes of idiosyncratic origin will always occur. 
They are extremely difficult to control and are the primacy 
reason that the highway system will never be crash free . 

The other class of system failures, called systemic 
failures, is related to repeated or predictable errors resulting 
from the interaction of system components. The crashes 
resulting from systemic errors are those that are generally 
addressed in safety programs. Examples of systemic failures 
include crashes resulting from reduced pavement friction on 
wet roadways, increased risk taking by drivers of certain ages 
and gender, and intersections with insufficient capacity to 
handle the traffic demand. Crashes resulting from systemic 
errors receive attention because they usually occur in large 
numbers and are predictable in terms of when, where, and 
to whom they might occur. Therefore, the process of 
problem identification should include a detailed examination 
of the characteristics of crashes to determine what systemic 
factors may be involved. 

Such a detailed examination of crash characteristics 
requires a fairly large and sophisticated record keeping 
system. The crash record system, and the database it 
maintains, must be sophisticated enough to contain detailed 
information about each crash that occurs. Details must be 
recorded about each component of the highway 
transportation system that was involved. It must also include 
information about the environment. The data base must be 
of sufficient size to allow discrimination between systemic 
and idiosyncratic failures. This can be accomplished by 
accumulating crash records in a consistent manner across 
time. Inconsistent crash reporting, or changes in the manner 
in which details are collected, reduces the ability to identify 
systemic failures . 

Crash characteristics that are commonly examined to 
identify systemic errors include: 

7 
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FACTORS EXAMPLES 

Highway Geographic location 

Roadway class, surface, cross-section, 
alignment, etc. 

Traffic control devices, signs, 
delineations, and markings 

Roadside appurtenances, build-up, 
driveways, etc. 

Volume of traffic 

Vehicle Type, size, weight 

Age, condition 

Safety devices 

Human Age, gender, experience 

Physiological and psychological 
condition 

License status, driver education or 
training 

Use of safety devices 

Environmental Weather conditions 

Illumination 

Collision Number and severity of injuries or 
level of property damage 

Number of vehicles involved 

Manner of collision and speed 

Object struck 

Violation of traffic law 

Problem Criteria 

Crash records can be grouped on the basis of one or 
more of these and other factors. This grouping provides 
counts of crashes with given characteristics; however, it does 

9 



EXAMPLE OF PROBLEM IDENTIFICATION 

The city council of Long Suffering, Texas, determined that there are too 
many crashes involving alcohol in the town. Council members made this 
determination in response to a recent collision in which an intoxicated 
driver had fatally injured a prominent local citizen. Council member 
Outspoken thought that while this particular tragedy was compelling 
evidence that something should be done, it did not describe the magnitude 
of the problem or suggest what should be done about it. He contacted 
Ms. Rhodes of the Department of Transportation to see if she had records 
of traffic crashes in the community where one or more of the drivers were 
suspected to have been drinking or under the influence of drugs. Ms. 
Rhodes built subsets of alcohol related collisions on state maintained 
roadways in Long Suffering using the Lanser database system. She 
looked at these records for a three year period and found that the numbers 
of crashes had been increasing steadily by about 10 percent each year. 

Ms. Rhodes thought there might indeed be a problem, but wanted to be 
sure that the increase in alcohol related crashes wasn't the result of an 
increase in reporting of the presence of alcohol due to increased awareness 
of police officers, or due to an increase in the number of motorists driving 
on the roadways in succeeding years. 

Ms. Rhodes looked at the statewide alcohol-related collision experience for 
the same three year period and found that the number of collision 
remained the same or decreased slightly. Next, she looked at the number 
of vehicle miles travelled in state and found that they had increased 
approximately four percent each year. These findings provided further 
evidence that Long Suffering might have a problem. 

Not quite satisfied, Ms. Rhodes did two other checks. First she looked at 
the alcohol related crash experience of Comfortville, Texas, a nearby town 
about the same size as Long Suffering. The collision experience of 
Comfortville, over the same three years mirrored that of the state as 
whole, that is, a slight decrease. Next, she looked that the vehicle miles 
travelled on the state roadway system in Long Suffering and Comfortville 
and found that they too were similar to the state experience of about a 
four percent increase each year. 

This information allowed Ms. Rhodes to conclude that the alcohol related 
crash experience of Long Suffering was at least six percent and possibly 
greater than ten percent more than would be expected of a city its size. 
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not determine if a problem exists. A traffic safety problem 
is determined by making comparisons. Comparisons can be 
made to previously established criteria, to similar crash 
experiences at a different point in time, or to the crash 
experience of similar groups. 

PROBLEM CRITERIA 
(Comparisons) 

Predetermined Level 

Same Group (people, place, behavior) at 
Different Points in Time 

Different Groups at the Same Point in 
Time 

Often, crash experience ( or "frequency") is adjusted so 
that naturally occurring growth in the system is not mistaken 
for a problem. Common computations include crash rates 
per 100 million vehicle miles or per 100,000 licensed drivers. 
Variants on the use of crash frequency or crash rates are 
sometimes used to identify or clarify subtle problems in the 
system. For example, the proportion of fatal to injury 
crashes is sometimes used to determine if there has been a 
shift in crash severity. 

Once a problem has been identified and its 
characteristics defined, the next task is to use that 
information to develop measures to solve or counter the 
occurrence. 

11 
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Traffic safety countermeasures are those measures 

taken to reduce the frequency or severity of vehicular 
crashes. Such measures usually attempt to prevent the 
occurrence of a crash, reduce severity when a crash occurs, 
or to. lessen the consequences of injuries sustained. This 
corresponds to the three phases of a collision in which a 
countermeasure attempts to intercede: the pre-crash phase, 
the crash phase, or the post-crash phase . 

TRAFFIC SAFETY COUNTERMEASURES 

Measures Taken to Reduce Crashes 
and/or 

Crash Severity 

Crash occurrence and subsequent crash outcome 
( death, injury, property damage) are often viewed as the 
result of a series of events called a failure or causal chain 
(Figure 2) . 

In this chain are links of knowledge, attitudes, and pre
crash behaviors. If the chain is broken or disrupted, the 
subsequent events will either not occur or occur in a 
different form. By design, countermeasures attempt to 
alter one or more of these links. For example, public 
information and education campaigns about the effectiveness 
of safety belt use might increase the knowledge of the driver 
which, in turn, might alter the driver's attitude toward safety 
belt usage. This change in attitude could subsequently result 
in the pre-crash behavior of wearing a belt, thus reducing the 
injuries sustained if a crash occurs . 
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FAILURE CHAIN 

I KNOWLEDGE I 
♦ 

I ATTITUDES I 
t 

I PRECRASH BEHAVIORS I 
♦ 

ICRASHI 

t 
I CRASH SEVERITY I 

Figure 2. 

'l)rpes of Countermeasures 

Countermeasures can be loosely grouped into three 
categories, known by their initials as the three "Es: 
Engineering, Enforcement, and Education." 

Engineering countermeasures are those that seek to 
reduce crash occurrence or severity by improving the 
hardware of the system. Engineering improvements have 
produced roadways that physically separate vehicles, have 
increased sight distance and better traffic control, and that 
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provide better guidance and navigation information. 
Engineering countermeasures have produced vehicles with 
better visibility and lighting, that stop and handle better, are 
more crashworthy, and that afford increased protection for 
occupants. Engineering technology has led to improved 
emergency response communication and better injury 
treatment equipment. 

Enforcement countermeasures are those designed to 
establish, and obtain compliance with, laws and regulations 
that help reduce crash occurrence and severity. Enforcement 
countermeasures have included safety belt and helmet laws, 
alcohol and container laws, and licensing statutes. They 
have also included efforts designed to increase the 
perception of risk of detection, arrest, and punishment of 
those whose . behavior is noncompliant. These 
countermeasures include selective traffic enforcement 
projects, improved tactics and strategies, structured judicial 
processes, and administrative sanctions. 

Educational countermeasures are those designed to 
influence behavior by increasing knowledge or changing 
attitudes in an attempt to change behavior. The desired 
behavioral change may lead to crash avoidance (not driving 
after drinking alcohol or slowing down on wet pavement), or 
reduced injury severity (wearing safety belts). These 
countermeasures can be directed to individuals or groups, as 
are driver education and rehabilitation programs and 
pedestrian and bicycle education programs, or they can be 
intended for mass audiences as are safety slogans or media 
spots. These programs have produced drivers that are 
knowledgeable about driving hazards and show some signs 
of changing public attitudes about the acceptability of certain 
behaviors. 

Additional education countermeasures include training 
programs directed toward improving the effectiveness and 
efficiency of those directly involve in traffic safety (police 
officers, emergency medical personnel, educators, judges, 
etc.). They have also helped improve enforcement and 
emergency response capabilities. 

17 



EXAMPLE OF COUNTERMEASURE DEVELOPMENT 

Council member Outspoken of Long Suffering, Texas, met with the Chief 
of Police and Ms. Rhodes of the Department of Transportation to discuss 
the progress of the city's DWI STEP program. Chief Above indicated 
that the field sobriety training that his officers had received resulted in an 
increase in the number of intoxicated drivers arrested with lower BACs. 
Ms. Rhodes commented that it appeared that crashes involving alcohol had 
declined again. This time about two percent for a total decline of about 
seven percent when compared with the year prior to starting the project. 
Chief Above thought that this was an improvement, but felt that the 
numbers of individuals driving while intoxicated was too great. He 
reported that Captain Beyond and the STEP officers were still making 
many arrests. He speculated that although law enforcement was capable 
of getting many drivers who had the potential for being involved in 
crashes off the street, people had not been deterred from the act of 
drinking and driving. Ms. Rhodes agreed and suggested that something 
needed to be done to change the public's attitude about this behavior. 
Council member Outspoken thought it would be possible to focus media 
attention on the problem, however, he felt that effect would be greater if 
the target audience could be better identified. 

Chief Above called Captain Beyond and asked him to use the data 
management program TRASER to summarize recent DWI arrests cases by 
the age of the drivers involved. This summary showed that there were 
two groups of drivers being arrested. The largest group was male drivers 
between the ages of 35 and 45, the other group was under the age of 25. 

Ms. Rhodes thought that the drivers in the younger age group would not 
respond to media efforts that emphasized punitive effects of being arrested 
for DWI or being in alcohol-related crash. She had read that this group 
responded primarily to peer pressure and personal contact. She also 
recalled that there were research results that indicated that peer pressure 
could be created to counter the behavior by sponsoring alcohol free school 
functions in place of traditional activities, and by providing speakers and 
information packets for school clubs. Chief Above suggested that his 
officers would be willing to speak to the club groups and to host alcohol
free, lock-in celebrations. Mr. Outspoken volunteered to contact the 
county court to obtain estimates of the fines, jailtime, and other 
punishments associated with conviction for the offense. Further, he would 
provide this information to the press in an interview designed to highlight 
the introduction of a "get tough" anti-DWI resolution at the next council 
meeting. 
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In addition to the three "Es," there are system 
maintenance activities that facilitate countermeasure 
implementation and the performance of the other steps in 
traffic safety programs. These activities deal primarily with 
information management. They include maintenance and 
improvement of crash databases, roadway inventories, and 
management information systems for emergency medical 
services, law enforcement agencies, court systems, and traffic 
engineering entities . 

1YPES OF COUNTERMEASURES 

Education 

Enforcement 

Engineering 

System Maintenance 

Countermeasure development is a creative process . 
New countermeasures evolve from detailed examination of 
the problem to be addressed, comprehensive knowledge of 
measures previously tried and their successes, and a great 
deal of intuitive reasoning. Generally, it is easier to adapt, 
expand, or otherwise modify an existing countermeasure 
rather than to create a new one. This adaptation process is 
further fostered by funding limitations for countermeasure 
development. 

If countermeasure development is to be considered a 
creative process, then countermeasure implementation must 
be considered rigid . 
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Countermeasure implementation involves the use of 
fiscal, personnel, and material resources according to a plan 
designed to accomplish specified objectives. The success of 
the implementation depends on the control exercised over 
the resources, the practicality of the plan, and the feasibility 
of the objectives . 

Objectives 

IMPLEMENTATION ACTIVITY 

Employing Resources According 
to a 

Plan 

to 
Accomplish Specified Objectives 

It is desirable that countermeasures be implemented 
to accomplish specific objectives. The objectives should be 
directly related to the identified problem, should generally 
specify the expected change in some aspect or aspects of the 
failure chain, and should be feasible and measurable . 
Unfortunately, it is not uncommon for a countermeasure to 
be implemented without due consideration being given as to 
how success is to be measured or if it can be measured at 
all. It also is not uncommon for projects to be evaluated in 
terms of crash outcomes when, in reality, they were 
attempting to influence events upstream in the causal chain . 
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While reductions in crash frequency or crash severity 
is the ultimate goal of traffic safety, it should be recognized 
that measurement of such reductions is difficult. Many 
significant countermeasures are employed that produce 
desired changes in some aspect of the failure chain, but 
subsequent reductions in crashes are not observed. This 
happens for several reasons. The foremost reason is because 
crashes are infrequent events. Very, very few behavioral 
errors result in collisions . 

In order to observe reductions in crashes, a 
countermeasure has to address failures that occur in large 
numbers, or the countermeasure has to be employed for a 
long period of time. It is also possible that the available 
level of information detail about crashes is not sufficient to 
measure a change in response to a countermeasure. These 
limitations do not mean that the countermeasure was not 
successful; it simply means that the objectives should specify 
an expected change in the pre-crash portion of the failure 
chain rather than in crash frequency or crash severity . 

The Plan 

IMPLEMENTATION OBJECTIVES 

To Change Some Aspect 

of the 

Failure Chain 

If the people, money, and equipment required to 
implement the countermeasure are not dedicated to its 
implementation, success will be doubtful. The required 
numbers of each resource must be present at the required 
times throughout the entire implementation 

23 



EXAMPLE OF COUNTERMEASURE IMPLEMENTATION 

Ms. Rhodes asked Chief Above to put together a plan for implementing a 
countermeasure intended to reduce the incidence of intoxication by young 
males under the age of 25. This plan was to be proactive in the sense that 
it would attempt to modify the attitudes of younger drivers before they 
developed the behavior of drinking and driving. Although the ultimate 
objective of the effort-was to reduce the incidence of alcohol-related 
crashes for drivers under the age of 25, it was anticipated that little change 
in the crash experience for this group would be seen for a number of 
years. Consequently, the objective of the project was to produce a 
measurable change in attitudes of the subject population toward the 
acceptability of drinking and driving. 

With this objective in mind, a plan was prepared that indicated the number 
of high school alcohol free events the Long Suffering Police Department 
would sponsor in the next school year and during the summer months. It 
also estimated the number and content of presentations that would be made 
to school clubs, classes, and assemblies. Ms. Rhodes enumerated the 
informational materials that she would make available for distribution by 
the police department. 

Captain Beyond used the plan to estimate the number of officer hours and 
other resources needed to make it work and the costs associated with using 
those resources. He also identified those officers in his command that had 
experience in making public presentations. He believed his officers could 
manage the sponsored events and could make presentations, however, he 
was concerned about the theme of the material that the officers would 
present. 

Ms. Rhodes contacted the regional representative of the National Highway 
Traffic Safety Administration (NHTSA) to find out if any materials had 
been developed that Captain Beyond might use. The regional 
representative, Mr. Helpful, was aware of an entire curriculum developed 
for NHTSA by Dr. Ed. This material was available and could be 
modified to suit the needs of Long Suffering. Captain B. thought he could 
make the necessary changes and the plan was amended to allow time for 
the adaptation of the material. 

Mr. Outspoken asked Ms. Rhodes to estimate the effectiveness of the 
project so he could promote the idea in the council. She thought it 
possible to change the attitudes toward drinking and driving in 20 percent 
of the students participating in the events or exposed to the presentations 
and materials. This was based on results of the research performed by 
NHTSA. However, she realized that the experience in Texas might be 
different and requested that an evaluation be included as part of the 
implementation plan. 
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period or an objective assessment of the countermeasure's 
effect or efficacy may not be possible. Many projects have 
never gotten off the ground or they lost steam at some point 
due to a lack of resources. This not only wastes resources, 
but can lead to erroneous decisions concerning the efficacy 
of a countermeasure. 

_Assuming availability and dedication of necessary 
resources, the next critical task is planning how those 
resources will be applied and interact. The plan describes 
"when and how" the "who and what" will be used. The plan 
is the heart of the countermeasure: it describes the logic of 
the relationship between application of the resources and the 
anticipated outcome of change in the failure chain. If the 
logic of this relationship is not apparent, the plan should be 
carefully examined to determine if it is even possible for the 
application of the dedicated resources to produce the 
desired outcome. It is not enough for the relationship to be 
plausible, the plan also must be practical and the anticipated 
benefit should be proportional to the resources expended. 
Remember that the magnitude of the resources dedicated to 
a countermeasure implementation is often governed by 
competition for the resources. 

IMPLEMENTATION PLAN 

Describes How the Countermeasure 
is to be Implemented 

and 

Provides the Basis for Comparison 

Once developed, the plan should be followed. 
- Deviations from the -plan make subsequent evaluation 

difficult if not impossible. When deviations must be made, 
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because of practical requirements or new developments, 
revise the plan and reconsider how the new countermeasure 
is to be evaluated. 

II FOLLOW THE PLAN II 
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After the prescribed countermeasure implementation 
period, the next step in the traffic safety process is the 
evaluation step. This step involves measuring changes in 
some aspect of the failure chain that might be attributed to 
the countermeasure. Evaluations are performed to measure 
the effect of a countermeasure, to improve countermeasure 
implementation, and to make decisions about resource 
allocations. Information gained from evaluations allows us 
to learn from past experience. Since the traffic safety 
process is repetitive, evaluation becomes a prerequisite to 
planning. 

Background 

PURPOSE OF EVALUATION 

To Assess Effectiveness 

To Improve Countermeasures 

To Allocate Resources 

An evaluation is a judgement of value or worth. Such 
judgements are always made by comparison and comparisons 
are made by measuring the differences in two or more things 
or one thing at two different times ( one of the "things" can 
be a standard and is sometimes called a standard for 
comparison). Measurements are made on some 
characteristic of the things being compared. It is usually 
determined ahead of time that more or less of the 
characteristic is desirable, thus allowing judgements to be 
made, such as "this" or ."these" is more or less valued than 
"that" or "those." 
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Measurement methods, and therefore evaluations, can 
be either subjective or objective. 

Subjective evaluations are those made using some 
internal scale of measurement. That is, the means of 
measuring value or worth exist inside a person's conscious 
( and sometimes unconscious) thought. These internal 
measurement scales are products of learning and are 
strongly influenced by attitudes. Although internal scales 
may be used to put differences in order ("this" is better than 
"that"), they do not allow quantification of differences ("this" 
is 2 percent better than "that"). Subjective evaluations 
naturally reflect the biases of those making comparisons and 
can vary greatly from one person to the next and within the 
same individual from one time period to the next. This 
inherent variability means that the results of subjective 
evaluations may differ depending on who is making the 
comparison and when the comparison is made. 

To increase the reliability and credibility of subjective 
evaluations, it is necessary to have a large number of 
evaluators and for the comparison to be made at several 
points in time. The limitations of subjective evaluations can 
be overcome by providing standardized criteria for 
measuring differences in things being compared. When this 
is done, the comparison becomes more objective. 

SUBJECTIVE EVALUATIONS 

Internal Scale 
Large Bias 

Difficult to Quantify 
Difficult to Replicate 

Requires Many Judges for Consensus 
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Objective evaluations are those made using an external 
scale of measurements. Like yardsticks, external scales have 
units that have been standardized or agreed upon. 
Measurements made using external scales, although not 
completely free of bias, tend to be easy to quantify and can 
be uniformly applied by different people and across time. 
This uniformity allows comparisons to be fairly consistent 
among different evaluators and allows confidence in 
measurements made at different points in time. Bias that 
exists in measurements made using external scales results 
from misreading or misapplying the scale (referred to as 
"errors of measurement"), and they tend to be small and 
consistent from one measurement to the next. Because 
external scales tend to produce consistent measurements, 
and because they are efficient in terms of the numbers of 
measurements required for measurement consensus, they are 
preferred for scientific evaluations . 

OBJECTIVE EVALUATIONS 

External Scale 
Less Bias 

Easily Quantified 
Easily Replicated 

Requires Few Judges for Consensus 

Evaluation in Traffic Safety 

Although often overlooked, evaluation is an integral 
part of the traffic safety process. It is during this step in the 
process that information is gathered in order that reasoned 
decisions can be made about future countermeasure 
implementation. There are basically three decision 
outcomes of the .evaluation _process. They are to continue 
with the countermeasure implementation, to modify the 
countermeasure or the method by which it is applied, or to 
discontinue it altogether. 
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A decision to continue to implement a countermeasure 
can result because the countermeasure is fully or partially 
successful, or because there is insufficient information on 
which to base a decision. Decisions to continue a particular 
countermeasure can also be based on information other than 
that resulting from the evaluation process. Such reasons 
might include the availability of special funding for a 
particular countermeasure or because this countermeasure 
is part of a much larger effort which has the potential to be 
successful. 

A decision to continue the countermeasure in modified 
form is part of the evolutionary nature of the traffic safety 
process. Decisions to modify are made because, as a 
consequence of implementation, more information becomes 
available that allows refinement of the countermeasure 
proper or to the way in which it is applied. Through this 
refinement process, the countermeasure may become more 
effective, more efficient, or both . 

Decisions to discontinue implementation are generally 
made because the results of the evaluation are not favorable. 
That is, the implementation did not produce the expected 
level of results. Since this decision could eliminate even 
modified forms of the countermeasure from being 
implemented in the future, it is essential that the evaluation 
be conducted in as an objective manner as possible, using 
the most appropriate measures of success . 

Traffic Safety Comparisons 

Comparisons made in traffic safety evaluations are 
defined by the intended objectives of the countermeasure 
implemented. The objectives of the countermeasure are 
related directly to the failure chain that produced accidents. 
Thus, if the project intention was to reduce the incidence of 
a certain type of collision, then one possible comparison 
might be the number of collisions before and after the 
implementation of the countermeasure. 
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I EVALUATION BY COMPARISON II 

There are two levels of comparisons in the evaluation 
of traffic safety projects: administrative and effectiveness . 

Administrative evaluations are those that compare 
actual task performance to the performance specified in the 
implementation plan. The implementation plan should 
specify how much, how many, when, and how often resources 
will be applied. The logic in implementing the 
countermeasure is that by applying these resources, the 
failure chain will be effected . 

ADMINISTRATIVE EVALUATIONS 

Comparison of Actual Performances 

to 

Specified Performance 

Effectiveness evaluations, also called impact evaluations, 
attempt to determine if those aspects of the failure chain 
that were to be altered by the countermeasure have changed. 
Effectiveness evaluations look for changes in the immediate, 
intermediate, or ultimate level of crash consequence. This 
designation of levels in the failure chain suggest the 
temporal order in which failures might occur. Inadequate 
knowledge or inappropriate attitudes might lead to 
behavioral errors in driving. Driving errors, the intermediate 
level of the failure chain, might, in turn, lead to a collision . 
The ultimate level of failure can be taken as a crash or as 

crash severity. 
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EFFECTIVENESS EVALUATIONS 

Comparison of Actual Outcome 

to 

Desired Outcome 

The information needed for comparison in 
administrative and effectiveness evaluations varies with the 
type of countermeasure employed. Some of this information 
is obtained from the problem identification effort, some is 
generated as part of the countermeasure implementation, 
and some will be generated after the implementation period. 
Examples of information that might be used are given in the 
following table . 

INFORMATION NEEDS FOR EVALUATION 

ADMINISTRATIVE EFFECTIVENESS 

Cost Activity Immediate Intermediate Ultimate 

Total- Hours Knowledge Speeds Crash 
State Worked Frequency 
Federal Attitudes Restraint Severity 
Local Miles Use 

Driven Arrests 
Personal Offense 

Services Number Disposition Frequency 
Trained 

Materials Outcome BAC Levels 
Number Time 

Reached Fine 

Materials Resource 
Given Out Usage 
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Evaluation Plans 

An evaluation plan, sometimes called an evaluation 
design, is a plan or guide for systematically arranging the 
application of countermeasures so that their effects on some 
aspect of the failure chain can be observed and measured. 
The observation and measurement of the effects provide the 
comparison that allows a determination to be made about 
the effectiveness of the countermeasure. 

The function of an evaluation design is to eliminate 
explanations for results other than those attributable to the 
countermeasure of interest. There is a tendency to 
emphasize the appropriate use of statistical techniques as a 
means for verifying change. While statistics can be used to 
discriminate statistical significance from non-significance, 
they cannot be used to determine the relative usefulness of 
results without the proper application of the evaluation 
design. 

The most important feature of evaluation design is the 
concept of control--control of events that might explain the 
effects observed. One way of exercising control is through 
the use of comparison or control groups. In this 
arrangement, one or more groups receive some type or level 
of countermeasure application ( or treatment), and the 
effects are compared to one or more groups that did not 
receive treatment. 

It is important to ensure that the results obtained in a 
study cannot be attributed to differences in the groups 
studied, so the way in which the groups are selected is 
important. Equivalence or identity among groups can be 
achieved through random selection or through matching . 

Random selection or assignment affords each individual 
unit in the study an equal and independent opportunity to 
be included in one of the groups. This assures that any 
error is equalized across groups. Random assignment of 
individual units to groups may not always be possible. Often 
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it is necessary to randomly assign treatments to pre-existing 
groups of individuals or to areas. This type of assignment, 
when required, can be strengthened by replicating the 
countermeasure and non-treatment among several groups . 

Matching groups on the basis of characteristics thought 
to be related to the aspect of the failure chain can reduce 
errors in sampling or the likelihood of nonequivalent groups. 
Matching does not control all sources of error. However it 
is an improvement over no control. Matching used in 
conjunction with random assignment is a very strong control 
procedure. It controls for sampling error and increases the 
precision of the study . 

Validity is defined as that which is strong, effective, 
well-grounded on principles or evidence, and able to 
withstand criticism and objection. A threat to validity is any 
factor that introduces systematic error or bias into the 
evaluation countermeasure application. These biases make 
interpretation of results more difficult in that the error or 
bias itself may be an alternative explanation of observed 
effect or lack of effect. There are two types of validity, 
internal and external. 

Internal validity1 asks the question, "Did the 
countermeasure make a difference in the specific instance of 
its application?" Examples of factors that might threaten 
internal validity are as follows: 

1. History. Events occurring between measurement 
periods in addition to the administration of the 
countermeasure. 

2. Maturation. Changes that might occur as a function 
of the passage of time (fatigue, inattention, age) . 

1 Campbell, D.T. and Stanley, J. Experimental and Quasi-Experimental 
Designs for Research, Chicago: Rand McNally & Co., 1966 . 
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3. Observation, Testing, or Measurement. Changes that 
might occur in subjects or areas due to initial 
measurement that effect subsequent measurements. 

4. Instrumentation or Procedures. Changes in the way 
measurements are taken from one period to the 
next . 

5. Statistical Regression. Occurs if the selection of 
subjects or groups were based on extreme values of 
the some aspect of the failure chain. 

6. Selection. Biases resulting from differential 
selection criteria among groups. 

1. Mortality. Differential loss of units from the . 
various groups . 

8. Interactions of two or more of the above. 

External validity refers to the extent to which the results 
can be generalized to different populations or settings . 
Threats to external validity include: 

1. The interaction of selection bias and the 
countermeasure . 

2. Reaction to the countermeasure evaluation setting 
or procedures influences the outcome in a way that 
will not be seen in a non-evaluation environment . 

3. Multiple countermeasure effects are carried over to 
produce an outcome that would not be observed if 
the countermeasures were applied in a different 
manner . 
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Common Evaluation Designs 

The designs presented below are classified as those 
with little control, those with rigorous control, and those 
with partial control.2 The presentations use the following 
symbols: 

X 
0 
R 
r 

= 
= 
= 
= 

treatment. 
observation or measurement. 
random assignment of units to groups. 
random assignment of treatments to groups or 
areas . 

A. Designs with Little Control. 

1. The One Shot Case Study 

Group 1. X 0 

Example: Test administered after a DDC class 
to determine level of knowledge . 

2. Single Group Pre-test/Post-test 

Group 1. 0 X 0 

Example: Driver assigned to training program 
based on prior history. Follow up experience 
used to assess effectiveness of the training. 

3. Post-test Group Comparison Without Individual 
Random Assignment. 

Group 1. r X 0 
Group 2. r 0 

Example: Motorcycle training course is 
randomly assigned to one of two counties . 
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B. Designs with Rigorous Control. 

1. Pre-test/Post-test Control Group Design 

Group 1. R O X 0 
Group 2. R O 0 

Example: Drivers with prior DWI Conviction 
randomly assigned to treatment program. 

2. Solomon Four Group Design 

Group 1. R 
Group 2. R 
Group 3. R 
Group 4. R 

oxo 
0 0 

XO 
0 

Example: Driver knowledge of seat belt 
effectiveness measure by a written test to assess 
the effectiveness of a training course . 

3. Post-test Only Control Group Design 

Group 1. R X 0 
Group 2. R 0 

Example: Some drivers with 2 hazardous 
violations are sent a warning letter. 
Subsequent driving records for both groups are 
observed . 

2 Tarrants, W.E. and Veigel, C.H. The Evaluation of Highway Traffic 
Safety Programs. U.S. Department of Transportation, National 
Highway Traffic Safety Administration, Washington, D.C., 1977 . 
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C. Designs with Partial Control. 

1. Replicated Control Group Design without 
Individual Random Assignment 

Group 1. r X 0 
Group 2. r 0 

Group 3. r 0 
Group 4. r X 0 

Replicate Pairs 

Example: Efficiency of police jurisdictions 
receiving DWI field sobriety training compared 
to those without training . 

2. Counterbalanced Designs 

Group 1. XO O O 0 
Group 2. 0 0 XO 0 
Group 3. 0 XO O 0 
Group 4. 0 0 0 XO 

Example: Public information campaign on 55 
mph compliance is administered in four 
counties and speeds are measured. 

3. Equivalent Time-Sample Design 

Group 1. 0 XO O XO O XO 0 

Example: The effects of an intermittent 
application of speed enforcement on a given 
level is examined for effectiveness . 
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EXAMPLE OF COUNTERMEASURE EVALUATION 

Chief Above asked Dr. Normal, a friend from the local university, if he 
could provide some guidance on planning an evaluation of the 
countermeasure proposed. Dr. Normal agreed that the appropriate 
measure of effectiveness for this project was attitude change rather than 
crash reduction. He thought that some time in the future, a reduction in 
alcohol-related crashes for young males 25 and under could be measured, 
but there would need to be at least a three year history of crash data after 
the project began to have a chance of discerning a change. 

Dr. Normal indicated that the evaluation would require that a survey form 
be developed to measure two things: attitudes toward drinking and 
drinking and driving, and knowledge of the effects of alcohol on driving 
behavior. He suggested that this survey be given to a sample of students 
at Long Suffering High School before the project began and again at the 
end of each year of the project. This, he said, was a basic pre/post 
countermeasure design that could assess if there had been a change in 
knowledge or attitudes. However, it would leave in doubt whether or not 
the change measured was attributable to the efforts of the project. It might 
be that some other event, such as a statewide anti-DWI television 
campaign, could take place and that increased knowledge and changed 
attitudes might follow as a consequence. In order to have greater 
confidence in attributing changes in attitude and knowledge to the project 
efforts, Dr. Normal recommended that high school students from 
Comfortville be surveyed in the pre and post countermeasure periods and 
that their results be used as a control or standard of expected change 
produced by any outside events. 

Chief Above persuaded Dr. Normal to participate in the project to design 
an appropriate survey instrument, to direct the administration of the 
survey, and to analyze the data collected. Ms. Rhodes agreed with the 
plan and appropriate changes were made in the funding application. 

Ms. Rhodes further specified that Captain Beyond report information 
which would allow the evaluation of the administrative aspects of the 
project. This information included: personnel hours worked, events 
sponsored, presentations made, and estimated contact units. Expenditures 
would also be reported on a periodic basis. This information was to be 
reported on a standardize form that was used by the directors of similar 
projects funded by the state. 
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Evaluation Problems 

Evaluation of countermeasure effectiveness can be 
difficult if the information necessary for evaluation cannot 
be obtained, if there is insufficient time or money available 
to allow the evaluation to take place, if there have been 
changes in the implementation of the countermeasure, or if 
the measure of effectiveness is inappropriate. Most, if not 
all, of these problems can be eliminated by careful planning 
prior to implementing the countermeasure . 

PLAN FOR EVALUATION 

Information required for evaluation should be 
collected in a standardized format that quantifies 
administrative and countermeasure activity before, during, 
and after the implementation period. Reports generated 
using the appropriate information can assist in documenting 
the problem that initially led to the countermeasure; they 
also can assist in monitoring and managing the progress of 
countermeasure implementation. Consistent reporting will 
provide the means for evaluating the countermeasure project 
and will allow comparisons to be made for other similar 
countermeasure efforts, as well as assist in preparation of 
other reports. Ultimately, this information can help make 
decisions about the benefit of future implementations of the 
countermeasure . 

Examples of standardized reporting formats for 
different types of countermeasures are presented in the 
following pages. These formats are provided for the three 
countermeasure areas of enforcement, education, and 
engineering. They may not provide sufficient detail for some 
efforts; however, supplemental reports may satisfy that need . 
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Contractor /Grantee: 

Hours Worked: Administrative 

Enforcement 

Training 

Info Services 

Other 

Expenditures: Labor 

Materials 

Mffeage (STEP) 

Total 

STEP Arrests: 

STEP Warnings 

Other STEP Contacts 

STEP Miles Driven 

Total Arrests (STEP + Routine) 
During Report period 

Total Arrests: Same period, 
last year 

Submit report to: 
Texas Department of 
Transportation 
Texas Traffic Safety 
Program 

Charge No • 

Program Area 

01-PT 
02-AL 
03-EM 

_04-LE/HB 

Project/Grant Period Period Cover d 
This Report 

(Month-day-year) (Month 
From: From: 

To: To: 

Report-period 

5 6 7 8 

Type: SPEED OWi HMV 

--------- ----------- -------- --------
No: 

Type: SPEED OWi HMV 

--------- ----------- -------- --------
No: 

55 

Page _1_ of ...A... I 

09-CR 
10-Pl&E 
11-SB 
12-PS 

of 

Planned to 
date 

Contract 
to-Date 

9 10 Total 

Safety 
Child restraint 

belt ------- --------------
Safety 

Child restraint 
belt ------- --------------



Charge No. 

Report-period Contract-to-date 

Page~of...L I. 
Contractperiod II 

last year 

Case Type: M F Pl Tot M F Pl Tot M F Pl Tot 

No. Pending 
11------=------~--1---1--1----+--+---+---lr----ll-----+,,.__A---ll---~l'--+---+---lr----,H. 

Disposed: No. Guilty 

No. Not Guilty 

No. Dismissed 

Referrals 

Avg. BAC 

Avg Fine + Court costs 

Avg. Jail Time 
ll---"---------l----+-+---lr---f----f7'.........,'+---f--+-lr+--+-+---t---'t--+--+---f---ll • 

Avg Time to Disposition 

BAC Test Refusals 

No. Courses Conducted 
(No/Type) 

No. Courses Developed 

Report-period Contract-to-date Planned to date 

No. Individuals Trained • lt-----------t---;,,::~----+--~-~----+-------+------11 
No. Media Exposures: Print 

Broadcast PSAs 

Materials Produced: • 
lt----------.,...._""=4~r---~-~!-----------t------t--------fl 

Contacts: 

Planned for report period Contract-to-date Planned to date • 
Hardware Items Acquired 

Type: • 
11--------------t-------+---------+--------1---------11 

Software Acquired 

Type: 

• 
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• 
Evaluation 

• Data acquisition 

Data analyses 

Reports produced 

Briefings conducted 

• Information Services 

Records processed 

Tapes provided 

Systems developed/mod . 

• Reports produced 

Briefings conducted 

Technical assistance 

• 

Severity: Property Damage 

• Injury 

Fatal 

Total Crashes 

• 

• 

• 

• 

I Contract No. Charge No . 

Report-period _Planned for report period 
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Same period 
last year 

Page 3 of 3 II 

Planned to date 

All 

Contract period 
last year 




