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Effectiveness Evaluation by Using Nonaccident Measures

of Effectiveness

DAVID D. PERKINS AND BRIAN L. BOWMAN

The primary objective of highway safety expenditures is to improve roadway
safety through reductions in accidents and accident severity. The ultimate
measure of project effectiveness is therefore provided by analysis of changes
in accident experience. Accident-based evaluations are, however, often impos-
sible or undesirable due to limitations inherent in accident data bases. Low
accident frequency, large lapse time, and a need to estimate ancillary benefits
require the use of nc id es. Nc ident es provide an
intermediate measure that can be used to assess the effectiveness of completed
highway safety projects and programs. This type of evaluation is useful when
accident data are not available or are insufficient or when an indication of
project effectiveness is desired sooner than the time necessary for accident-based
luation. Nonaccident measures are considered intermediate because they are
a supplement to and not a substitute for accident-based measures. No defini-
tive quantitative relationships between changes in accident experience and non-
accident measures have been developed. A procedure for conducting an in-
termediate effectiveness evaluation by using nonaccident measures is described.
Guidelines are presented for selecting evaluation objectives, nonaccident mea-
sures of effectiveness, experimental plans, and data requirements. The issues
of statistical testing and interpretation of results as related to nonaccident
evaluations are discussed.

In 1979, the Federal Highway Administration (FHWA)
issued Federal-Aid Highway Program Manual (FHPM)
8-2-3 mandating the development and implementation
of a continuing Highway Safety Improvement Program
(HSIP) in all states. The overall objective of the
HSIP is to reduce the number and severity of acci-
dents and decrease the potential for accidents on
all highways (1, Volume 8, Chapter 2, Section 3).
Requirements for the structure of the HSIP include
components for planning, implementing, and evaluat-
ing highway safety projects and programs. The de-
tails of the HSIP were defined in FHPM 8-2-3 and
expanded in an FHWA study to develop options and
procedures within each component (2). The planning
component involves the selection and programming of
projects through the collection and analysis of
systemwide data, identification of hazardous loca-
tions, collection and analyses of site-specific
accident and traffic data, and the selection of
safety projects to be implemented. The implementa-
tion component involves the scheduling, design,
construction, and operational review of the pro-
grammed safety projects. The evaluation component
involves determining the effectiveness and effi-~
ciency of completed safety projects and programs.
The evaluation component was the subject of a subse-
quent FHWA study (3) to develop evaluation gquide-
lines for completed safety projects and programs
within the HSIP.

The ultimate goal of evaluation within the HSIP
is to improve the ability of state and local highway
agencies to plan and implement future cost-effective
safety programs based on the results of formal eval-
uations of ongoing and completed highway safety
projects and programs. Effectiveness evaluation
involves obtaining and analyzing quantitative infor-
mation on the benefits and costs of implemented
highway safety improvements. Knowledge of these
benefits and costs reduces the dependence on engi-
neering judgment and increases the ability of the
agency to plan and implement highway safety improve-
ments that have the highest probability for success.
Thus, scarce safety funds can be properly allocated
to high-pay-off improvements and diverted from those
that are marginal or ineffective.

Effectiveness evaluation is based on an analysis

of the change in selected measures of effectiveness.
Historically, the most acceptable measure for safety
improvements is the change in police-reported acci-
dent experience at the project site. However, the
stochastic nature of traffic accidents requires
relatively large sample sizes collected over long
periods of time. Other complications arise due to
bias, inaccuracy, and confounding effects within the
accident data base.

In response to the shortcomings of using accident
experience as the sole criterion for safety evalua-
tion, it may be necessary or desirable to conduct an
interim effectiveness evaluation to obtain an indi-
cation of the short-term or intermediate effective-
ness of the project based on changes in nonaccident
measures of effectiveness. In such evaluations,
nonaccident measures are not intended to be a sub-
stitute for accident measures since quantitative
cause-and-effect relationships between accident and
nonaccident measures have not been developed. If,
however, nonaccident measures are selected that are
logically related to accident experience or poten-—
tial, the evaluation results can be used as a mea-
sure of intermediate effectiveness. The ultimate
effectiveness, however, must be determined through
an effectiveness evaluation based on observed
changes in accident experience.

This paper describes selected elements of the
procedure for evaluating completed safety improve-
ments by using nonaccident measures as the primary
measure of effectiveness.

POSSIBLE APPLICATIONS FOR NONACCIDENT MEASURES

The objective of safety expenditures is to improve
safety through accident and severity reduction.
Therefore, many projects are implemented to allevi-
ate hazardous highway conditions that have caused
abnormally high or severe accident experience. Many
safety projects are not, however, implemented in
response to abnormally high accident experience at
specific locations. Rather, they are implemented to
conform to accepted safety standards and practices
or to prevent the emergence of an accident problem
by treating potentially hazardous highway conditions
and elements.

Although evaluations that examine changes in
accident experience provide the most acceptable
measure of project effectiveness, the requirements
of accident-based evaluations often make this form
of evaluation extremely difficult, if not impossi-
ble. One requirement for conducting accident eval-
uations is that accidents in sufficient numbers be
available for use as measures of effectiveness. This
requirement can generally be met for improvements at
high accident locations but often accident experi-
ence at low-volume or rural locations is insuffi-
cient in number for accident-based evaluations.
Another requirement is time. Usually, at least two
years of accident data before and after project
implementation are required ‘or evaluation. Often,
the time requirements exceed the practical limits
when decisions must be made to continue, modify, or
delete a particular safety project. In addition,
evaluations require complete and accurate accident
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data for use as measures of effectiveness. Accident
data are often incomplete, erroneous, unavailable,
or nonrepresentative of long-term conditions due to
factors other than the improvement at the project
site.

When conditions are not conducive to accident-
based evaluations, nonaccident safety measures may
provide valuable information on the intermediate
effectiveness of a safety improvement.

Non-accident-based evaluations are applicable to
many types of projects and evaluation study require-
ments as follows:

1. Safety projects that impact traffic perfor-
mance: The primary purpose of a highway safety
project is to reduce accident losses. However, in
many cases problematic traffic performance, driver
behavior, or other nonaccident safety measures pro-
vide the impetus for a safety project. In other
cases, the improvement of traffic performance may be
a secondary purpose (compared with accident reduc-
tion) of the safety project.

2. Need for a quick indication of project im-
pacts: It is often imperative to obtain preliminary
indications of project impacts soon after implemen-
tation. Previously untried projects may be eval-
uated based on changes in nonaccident measures as an
indicator of whether the project is functioning as
intended.

3. Projects implemented to reduce hazard poten-
tial: Many safety projects are implemented to meet
safety standards or to eliminate specific safety
deficiencies before significant accident experience
develops. For these projects, accident data may not
exist in sufficient numbers for accident-based eval-
uation. If it is not possible to obtain a suffi-
cient accident sample through project aggregation,
nonaccident evaluation procedures may provide a
means of evaluating the project.

4. Projects involving staged countermeasure im-
pPlementation: Individual countermeasures that make
up a project may be assessed with a nonaccident
evaluation when project implementation is staged.
The nonaccident measures can be collected and eval-
uated between successive project implementation
stages. This provides a means of evaluating coun-
termeasures since the time periods between succes-
sive stages are generally too short to allow acci-
dent-based evaluation.

DEVELOPING NONACCIDENT EVALUATION PLAN

The first step in a nonaccident evaluation of a
highway safety project is the development of an
evaluation plan to provide overall guidance and
direction. It offers the opportunity to think
through the entire evaluation process in an attempt
to establish the anticipated evaluation procedure
and identify potential problems that may negatively
impact the validity and efficiency of the evaluation
effort. It is essential that the plan be developed
prior to the implementation of the project so that
nonaccident data may be anticipated and collected
before project implementation.

The evaluation plan should address such issues as
the selection of evaluation objectives, measures of
effectiveness (MOEs), experimental plans, and data
requirements.

Evaluation Objectives

The selection of objectives and MOEs for nonaccident
evaluation is based on the ability to describe a
chain of events that lead to accidents or create
potential safety hazards. When the events are de-
scribed, it is often helpful to consider three in-~
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terrelated types of factors: (a) causal factors, (b)
contributory factors, and (c) the safety problem.
Causal factors are defined as the predominant rea-
sons why a safety problem exists. They are specific
hazardous elements associated with the highway,
environment, or vehicle. The factors can result in
either the potential for accidents when a causal
factor exists by itself or an accident occurrence in
the presence of contributory factors. Contributory
factors are elements or activities that lead to or
increase the probability of a failure in the driver,
the vehicle, or the environment. Safety problems
are specific types of accidents or potential acci-
dents that result from the existence of a causal
factor and/or contributory factor (4).

The first step in selecting objectives is to
develop the chain of causality for the highway
safety project. The safety problem should be stated
in terms of the actual or potential accident types
to be reduced by the project. Next, the evaluator
must identify the causal and contributory factors
that lead to the safety problem. In many cases, the
identification of these factors is straightforward
since both causal and contributory factors are in-
herently considered when the countermeasures for the
projects are developed. For example, suppose a
project involves the implementation of an advance
train-actuated warning flasher on an existing rail-
road crossing advance-warning sign at an approach
with limited sight distance. The purpose of the
project is to reduce the number, severity, and po-
tential of vehicle-train and vehicle-vehicle rear-
end accidents on the sight-restricted approach. The
definition of the project and a knowledge of its
purpose usually provide sufficient information to
establish the chain of causality. Suppose the safety
problem in this example is two automobile-train
accidents involving two fatalities and five serious
injuries during a three-year period. The major
causal factor is the failure of drivers to perceive
an occupied railroad crossing within sufficient time
to stop and avoid an accident. The major contribu-
tory causes may be hypothesized (and verified) as
limited sight distance and excessive vehicular speed
(for conditions).

The intermediate objectives can be identified by
perceiving how each causal and contributory factor
will be affected by the introduction of the project.
Thus, the correction or improvement in the causal
and contributory factor provides the intermediate
evaluation objectives for the evaluation. The un-
derlying rationale of the approach is that if the
intermediate objectives are achieved (i.e., if the
causal and contributing factors are improved), the
associated safety problem will be improved. (Veri-
fication of this rationale is subject to the results
of an accident-based evaluation.)

For the rail-highway crossing example involving
the installation of the flashing beacon, the inter-
mediate objective may be defined as (a) reduction of
vehicle speed at a specified point between the
flasher location and the crossing and (b) increased
speed reduction between points in advance of and
following the warning sign after flasher installa-
tion.

MOEs

One or more MOEs should be specified for each inter-
mediate objective. MOEs resulting from this process
should be related to specific traffic operational or
driver behavioral characteristics that are expected
to be affected by the project. MOEs expressed as
frequency, rate, and/or percentage may be appropri-
ate.

The MOE should reflect the quantitative measure-
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Table 1. Nonaccident MOEs for safety

Nonaccident MOE

improvements at selected situations.
Situation

Behavioral

Operational

Horizontal curve

Lateral placement, shoulder encroachments, edgeline
encroachments, centerline encroachments, brake

Spot speed, speed profile,
deceleration profile

applications, passing violations, speed violations

Vertical curve

Signalized intersections

Stop approach

Tangent section
Exit ramp

Weaving section

Lane drop or merge area
Railroad crossing

Pedestrian or school crossing

Brake applications, passing violations

Conflicts, lateral placement, brake applications,
stop-bar encroachment, violations

Head turns, conflicts, cross-road encroachment

Lateral placement, violations
Distribution of exit points, erratic maneuvers

Conflicts, lateral placement, brake applications
Distribution of merge points, erratic maneuvers
Head turns, brake applications

Compliance, conflicts

Spot speed, headway
(downgrade)

Delay, travel time, approach
speed, percentage of vehi-
cles stopping, queue length

Deceleration profile, spot
speed

Speed, speed changes

Mainstream spot speed, ramp
spot speed, deceleration lane
spot speed, deceleration pro-
file

Spot speed, speed profile

Mainstream spot speed

Spot speed, speed profile

Spot speed, delay

ments and units to be collected in the field to
evaluate each intermediate objective. The evaluator
should be as specific as possible when listing the
MOEs. It is suggested that the evaluator refer to
the state of the art of accident research when MOEs
are selected. Table 1 (3) suggests several possible
operational and driver behavior MOEs for safety
projects at various roadway situations.

Experimental Plans

An experimental plan provides a framework for (a)
estimating the expected value of each nonaccident
MOE on the assumption that the project was not im-
plemented and (b) determining the difference between
the expected and actual MOEs.

An experimental plan should be selected that will
maximize the validity of the evaluation. High
levels of validity imply that the differences ob-
served in the MOEs are due to the project and not a
result of external factors such as changes in
weather, enforcement, and other changes or improve-
ments.

The before-and-after experimental plan generally
provides very low levels of validity when applied in
evaluations that span relatively long periods of
time (i.e., accident-based evaluations require sev-
eral years of before-and-after accident experience).
However, because of the relatively short period of
time between the before and after data-collection
periods, the before-and-after plan is acceptable
under many conditions when nonaccident measures are
used in the evaluation. The time period between the
before and after data collections is generally only
a few months (depending on the length of the con-
struction period) as opposed to the several years
required for accident-based evaluation. Thus, it is
less likely that significant changes other than the
project itself will affect the MOEs and the results
of the evaluation.

Evaluation plans involving control or comparison
sites may be appropriate. If the time between data-
collection periods becomes lengthy or if it is ex-
pected that atypical conditions may exist for either
one or both periods, a control-site experimental
plan should be used. If control sites are required
but not available, the evaluation should not be
conducted, since the wvalidity of the evaluation
results will be suspect.

Data Requirements

Given the selection of the objectives, MOEs, and

evaluation plans, specific evaluation data can be
specified for collection. Nonaccident measures may
consist of traffic performance variables such as
travel time, delay, and speeds and/or driver be-
havior variables such as traffic conflicts and erra-
tic maneuvers.

The intermediate objectives and associated MOEs
provide input to determine what types of field data
are required. The exact type of data, time of data
collection, data-collection procedures, and data
stratifications for each MOE should be specified
prior to field data collection.

The magnitude of each data item must also be
specified. The magnitude refers to when the data
are to be collected and how much data are required
to obtain a statistically reliable sample. Informa-
tion on these items is contained in many traffic
engineering references (5,6).

DATA COLLECTION

Because many types of field data may be needed for
nonaccident evaluation, traffic engineering hand-
books, manuals, and reports should be consulted to
determine the specific data-collection activities to
be performed in the field. Field activities require
experienced data collectors and basic traffic engi-
neering data-collection equipment. The number and
level of involvement of field personnel vary with
the type of field survey to be conducted, as does
the type of equipment. Generally, there is suffi-
cient flexibility in the sophistication of the study
procedure and equipment requirements. Either manual
or automatic procedures may be used, depending on
agency resource levels, with little or no sacrifice
in data quality or reliability. Data-collection
costs will vary dramatically depending on the col-
lection procedure and equipment.

Data collected before and after project implemen-
tation should be ocollected for similar time periods
(time of day and day of week) and weather conditions
and with identical data-collection procedures and
personnel.

COMPARISON OF NONACCIDENT MOEs

Intermediate project effectiveness is represented by
the difference between the expected value of the
nonaccident MOE if the project had not been imple-
mented and the actual value of the MOE following
implementation. This change provides an indication
of the practical significance of the project (the
determination of statistical significance is dis-
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cussed in the next section). The method of deter-
mining the expected MOE and the percentage of change
differs with the experimental plan selected for the
evaluation. Experimental plans with higher 1levels
of validity (i.e., control-site experimental plans)
will generally improve the chances that the observed
difference between expected and actual MOEs is pri-
marily a result of the project.

Two computations are necessary: calculation of
the expected value of the MOE if the improvement had
not been made and calculation of the difference
between the expected and actual MOE, usually ex-~
pressed as a percentage. Formulas for these compu-
tations may be found in several studies on the sub-
ject (3,7).

STATISTICAL TESTING

Additional analysis 1is required to determine the
statistical significance of the change in the se-
lected MOEs. Statistical test results allow the
evaluator to determine, with a specified level of
confidence, whether the observed change can be at-
tributed to the project or is the result of random
(chance) fluctuations in the MOEs being tested.

The most important issue in statistical testing
is the selection of the appropriate test. Selection
is based on the type of nonaccident MOE, the evalua-
tion objectives, the sample size, the experimental
Plan, and the statistical hypotheses to be tested.
The type of MOE (data) refers to whether the data
are discrete or continuous. The evaluation objec-
tives refer to whether there is an interest in test-
ing the difference in means, variances, proportions,
or some other measure. The sample size aids in
assessing the validity of assumptions that are made
concerning the distribution of data and whether
parametric or nonparametric tests are appropriate.
The experimental plan provides input on the indepen-
dence or correlation of the data being tested.
Finally, the form of the stated hypothesis will
suggest the appropriateness of the one-tail versus
two-tail test. After each MOE has been specified in
terms of the above factors, the selection of the
appropriate test can generally be made by using
engineering statistics references.

DATA-BASE DEVELOPMENT

The results of nonaccident evaluations can be orga-
nized into a data base analogous to accident-reduc-
tion-factor data bases. Such data provide feedback
information wuseful in planning and implementing
future projects to improve specific traffic perfor-
mance, driver behavior, or other safety-related
problems. It also provides input on gquantitative
cause—-and-effect relationships between a project and
its impact on nonaccident measures. This relation-
ship, 1f analyzed in conjunction with the cause-
and-effect relationship between the same project and
accident measures, may provide insight into the
existence of surrogates for accident experience for
evaluation.

When both accident-based and non-accident-based
evaluations are performed for a number of similar
projects, the evaluator has the opportunity to de-
termine whether there is a statistically significant
relationship between changes in accident and nonac-
cident measures. If a strong, logical relationship
is observed, a nonaccident measure may be feasible
for use as a surrogate for accidents in future eval-
uations of similar projects.

INTERPRETATION OF RESULTS

The final determination of intermediate effective-

141

ness is based on the quantitative results of the
evaluation and the ability to properly interpret the
results. However, regardless of whether a conclu-
sion on project effectiveness is positive (success),
negative (failure), or otherwise, a critical assess-
ment of the validity of the entire evaluation pro-
cess as well as of the preceding planning and imple-
mentation activities and decisions should be per-
formed. Key evaluation issues that need to be
addressed prior to finalizing conclusions are as
follows:

1. Was the project appropriate for achieving its
intended purpose?

2. Were the chain-of-accident causality and the
resulting intermediate objectives and nonaccident
MOEs appropriate?

3. Was the experimental plan appropriate? What
were the threats to validity that were not or could
not be overcome?

4. Were the nonaccident data reliable and com-
plete? What were the actual or suspected problems
that were not correctable?

5. Were the control sites appropriate? What were
the trade-offs made in control-site selection?

6. Was the statistical technique appropriate for
the type of MOE and the desired evaluation objective?

7. Was the selected level of confidence appropri-
ate?

8. Were the statistical test results reasonable?

In addition to a review of the evaluation study
procedures, it is also important to review the ap-
propriateness of decisions and activities that took
place during the planning and implementation. It is
important to recognize whether (a) the location was
correctly identified as a hazardous location, (b)
the project was properly selected and appropriate
for the safety deficiency, and (c) the project was
implemented as planned and designed.

If problems are observed or suspected for any of
the above issues, they should be noted and an at-
tempt should be made to correct them. If the prob-
lems are not correctable, this fact should be noted
and should accompany the conclusions on intermediate
project effectiveness.

CONCLUSIONS

The proper use of non-accident-based evaluation
techniques can provide intermediate indications as
to the effectiveness of implemented safety projects.
The value of information obtained from nonaccident
evaluation can extend beyond effectiveness evalua-
tions. It can serve as an operational review tool to
identify problems before they result in accident
losses. It can serve to improve traffic flow and
operations and to fortify contemplated remedial
countermeasures during project planning activities.
Caution should be exercised, however, to avoid ac-
ceptance of changes in nonaccident measures as a
substitute or surrogate for changes in accident
experience until such time as quantitative relation-
ships can be identified.

These benefits and uses require that a greater
appreciation for the advantages of nonaccident eval-
uation be obtained by traffic engineering practi-
tioners. The procedures presented here are intended
to encourage and guide practitioners in performing
non-accident-based evaluations. The information
obtained from both accident and nonaccident evalua-
tions can be used to improve decisionmaking pro-
cesses and increase roadway efficiency and safety.
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Surrogate Measures for Accident Experience at

Rural Isolated Horizontal Curves

HAROLD T. THOMPSON AND DAVID D. PERKINS

The accident surrogate measures developed for hazardous-location identification
and countermeasure evaluation at rural isolated horizontal curves are presented.
An accident surrogate measure is defined as a quantifiable observation that can
be used in place of or as a supplement to accident records. A list of potential
accident surrogates was developed from four information sources: literature;
a two-day workshop to obtain opinions and observations of highway safety
professionals; analysis of an existing data base containing accident, geometric,
operational, and environmental data; and sel d field data collection at six
rural isolated horizontal curves. Comprehensive sets of data were collected at
25 rural isolated curves. The data included measurements of operational and
nonoperational characteristics and accidents. Statistical analyses of these data
yielded five models for predicting specific types of accident rates. The strong-
est model developed in the study (R2 = 0.81) indicates that the outside-lane
accident rate can be predicted from measurements of the distance from the
last traffic event on the outside lane and the speed differential between the
approach speed and the curve midpoint speed for traffic in the outside lane.
The other models {outside-lane accident rate, run-off-road accident rate, and
two models for predicting rear-end accident rate) had R2-values greater than
0.65. The results indicate that accident surrogates can be developed through

a systematic identification and measurement of roadway, driver, and traffic
characteristics.

A primary goal of any highway safety agency is to
reduce traffic accidents attributable to highway
system failures. Historically, these agencies have
relied heavily on reported traffic accidents to
identify hazardous locations, to justify and prior-
itize safety improvements, and to evaluate their
effectiveness. However, total dependence on acci-
dent history is somewhat questionable due to the
limitations of these data. For example, the fact
that a significant percentage of total accidents at
a location are not reported often introduces error
and results in suboptimal decisions. Another limi-
tation is encountered when decisions to continue,
modify, or remove countermeasures need to be made
sooner than the waiting time required to collect
reliable accident data.

Because of these and still other 1limitations,
many highway safety researchers support the premise
that nonaccident measures in addition to accidents
should be used in the identification of hazardous
locations, review of planned improvements, and eval-
uation of completed safety improvements. Review of
several studies shows a fairly strong relationship

between accidents and various highway system charac-
teristics such as geometrics, operations, environ-
ment, and driver behavior. However, there have been
insufficient systematic efforts to investigate the
feasibility of using such relationships as surro-
gates for accident experience in highway safety
analyses.

A recent study entitled Accident Surrogates for
Use in Analyzing Highway Safety Hazards (1) investi-
gated the feasibility of using accident surrogate
measures in

1. Identifying hazardous spot locations and sec-
tions of highway,

2. Evaluating the effectiveness of
safety countermeasures, and

3. Reviewing design plans of new facilities or
improvements.

deployed

For the purpose of the study, an accident surro-
gate measure was defined as a quantifiable highway
system feature that could be used in place of or as
a supplement to accident data.

This paper presents the accident surrogates de-
veloped for highway safety analyses at rural iso-
lated horizontal curves on two-lane roads. The sur-
rogate development process involved (a) identifying
potential highway system variables that could serve
singly or in combination as surrogate measures and
(b} developing explicit mathematical relationships
between selected surrogate measures and accidents.

IDENTIFICATION OF CANDIDATE ACCIDENT SURROGATES

The identification of variables with potential as
candidate surrogate measures was accomplished by ob-
taining information on actual and perceived rela-
tionships between accidents and elements of roadway,
driver, and vehicle systems, Four information
sources provided input on these relationships: 1lit-
erature; a two-day workshop to obtain opinions and
observations of highway safety professionals; analy-
sis of the Michigan Dimensional Accident Surveil-



