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Evaluating Need for Accident-Reduction Experiments

WILLIAM D. BERG AND CAMIL FUCHS

New traffic control devices or new applications of existing devices are frequently
proposed as a means of facilitating the driving guidance and control process and

thereby improving traffic safety. Before such changes can be approved at the na-

tional level, some research must be undertaken to evaluate the potential safety
effectiveness of the new device. Safety effectiveness can be measured directly
in terms of a reduction in accident rate or indirectly in terms of a change in an
alternative measure of effectiveness. A requirement that accident data be col-
lected before a new traffic control device standard or guideline is approved may
itself be impractical and/or not cost-effective. A four-step methodology is pre-
sented for quantitatively addressing the need to undertake accident-reduction
research experimentation. Statistical analysis and sampling requirements are
developed first. This is followed by a determination of the minimum accident-
rate reduction that would economically justify nationwide deployment of the
new traffic control device treatment. The cost-effectiveness of alternative ex-
perimental d is then eval d. The final step is a trade-off analysis of the
value of information to be derived versus the cost of obtaining the information.
A case study application of the methodology is also presented.

New traffic control devices or new applications of
existing devices are frequently proposed as a means
of facilitating the driving guidance and control
process and thereby improving traffic safety. Be-
fore such changes can be approved at the national
level, some research must be undertaken to evaluate
the potential safety effectiveness of the new de-
vice. In addition, the costs required to implement
the new traffic control device treatment, under
either an as—-needed or an immediate-replacement pol-
icy, must be evaluated.

Safety effectiveness can be measured directly in
terms of a reduction in accident rate or indirectly
in terms of a change in an alternative measure of
effectiveness. Examples of the latter include vehi-
cle speed profiles, variance in lateral placement of
vehicles within a roadway lane, driver head and/or
eye movements, and various types of traffic con-
flicts as defined by procedures for traffic-con-
flicts analysis (1-3). Regardless of whether acci-
dent data or alternative measures of effectiveness
are used, the principal issue is how much informa-
tion is necessary to make a reasonably confident de-
cision about potential safety cost-effectiveness.

A requirement that accident data be collacted and
evaluated before a new traffic control devices stan-
dard or guideline is approved may itself be imprac-
tical and/or not cost-effective. If this is the
case, then a decision about approval of the new
traffic control device must be based on an evalua-
tion of alternative measures of effectiveness. This
would require an assumption about the true relation-
ship between accident rate and the alternative mea-
sure. Because this is usually a qualitative judge-

ment, there <can be substantial differencaes of
opinion about potential safety effectiveness and
therefore a lack of necessary support for what may
actually be a very cost-effective standard or guide-
line.

The purpose of this paper is to present a method-
ology for analytically addressing these issues. The
methodology was developed during research on an
experimental design for evaluating the safety bene-
fits of railroad advance-warning signs (4). The re-
sults from that case study will be used to demon-
strate the application of the methodology.

EVALUATION METHODOLOGY

The evaluation methodology is designed to address
the following basic questions relative to proposed
research experiments of the accident-reduction po-
tential of a new traffic control device standard or
guideline:

1. What are the sampling requirements based on a
treatment-control comparison?

2. What is the critical, or minimum, accident-
rate reduction that the experimental design should
be capable of detecting?

3. What is the cost-effectiveness of alternative
experimental designs?

4. WwWhat is the value of the information to be
derived from the experiment?

The evaluation methodology is therefore presented as
a four-step process.

STATISTICAL ANALYSIS AND SAMPLING REQUIREMENTS

It is assumed that a treatment-control comparison is
to be used in the analysis of the experimental data,
although this can be supplemented with a before-and-
after analysis if desired. With a treatment-control
type of design, one group of sites is selected to
receive or be treated with the proposed new control
device application. A second group of sites would
be selected as a control or base against which mea-
sured changes in accident rate at the treatment
sites can be compared.

The sampling scheme is composed of two parts.
First, the selected population of study sites would
be divided into k homogeneous sets, each composed of
n similar sites (where n = 1, 2, 3, 4, 5, or
larger). Then, from each of the k sets, one of the
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n sites would be randomly selected to be in the
treatment group. All of the other n - 1 sites would
be included in the control group.

There are two advantages to this sampling
scheme. First, the direct comparison between the
treatment site and the respective sites in the con-
trol group for each set ensures that the comparison
is performed among sites as homogeneous as possible,
thereby permitting random fluctuations to be mini-
mized. Second, the k sets of homogeneous sites can
later be consolidated into a smaller number of sets,
or scenarios. Although each resulting scenario
would not be as homogeneous as one of the original
sets, it would still be possible to determine wheth-
er the change in traffic control device had a sta-
tistically significant effect on accident experi-
ence. The various scenarios would reflect a cross-
classification of the highway population in terms of
appropriate design and operational characteristics.

The comparison of accident rates between treat-
ment and control sites can be made on the basis of
the overall accident rates for the two groups of
sites or in terms of subsets of sites having similar
characteristics. 1In both cases it is assumed that
accidents are rare events and are therefore Poisson
distributed. For the overall compasrison of treat-
ment and control sites, it can be shown that by us-
ing the normal approximation to the Poisson distri-
bution and applying the correction for continuity,
the statistic for testing the null hypothesis of no
effect is

Z=(1/k) jZil ([Y,- -(1/2)] = {X; + [1/2(n - 1)] })
k
],z« ¥+ (- DX;] /(n - 1)k2' Z o

in which Y5 is the number of accidents at the
treatment site in set j and X3 is the mean number
of accidents for the control Sites in set j (5).
The null hypothesis will be rejected at the 5 per-
cent significance level if Z < -1.64; the conclu-
sion is that the new traffic control device has a
significant effect in reducing accidents.

Rather than an analysis of all the sample sites
as a group, it may be of interest to examine subsets
of sites, each of which exhibits similar character-
istics. The subsets can be identified as scenarios,
s =1, 2, ... m, that represent combinations of the
k sets of sites described previously. If it is as-
sumed that the summations of accidents for the
treatment and control sites within each scenario are
Poisson distributed and if the correction for conti-
nuity is applied, it can be shown that the statistic
for testing the null hypothesis to be of no effect is

Zs= {[v.s = (1/2n50)] - [Xs + (1/2n42)] }
+ {[(nsl Y5+ 02X ) (ngg +062)] ™ [(1/ngg) + (1ng3)] Vz} @

in which Y.s is the mean number of accidents per
site for the treatment group in scenario s, i-s is
the mean number of accidents per site for the con-
trol group in scenario s, and ngg is the number of
sites in scenario s, where g = 1 for the treatment
group and g = 2 for the control group (5). Under
the null hypothesis, Zé has a chi-square dis-
tribution with one degree of freedom, and ID-; %%
has a chi-square distribution with m degrees of
freedom.

The null hypothesis that the accident rates for
the treatment and control sites over all the scenar-
ios are equal will be rejected if the value of
L Zg exceeds the critical value in the chi-
square table. Furthermore, those scenarios for
which there is a statistically significant dif-
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ference between the accident rates for the treatment
and the control groups can be identified by examin-
ing the respective values of Zg. The sign of
Zg will indicate whether the treatment of the con-
trol group has the lower accident rate. If the sign
is negative, it can be said that the new traffic
control treatment provides a statistically signifi-
cant reduction in the expected accident rate.

The partitioning of accident rates by treatment
and control groups and by scenario also offers the
opportunity to apply a two-way analysis of variance
(ANOVA) ., This procedure as well as that for a be-
fore-and-after comparison are described elsewhere
(5-8) .

The sample size required for the treatment-con-
trol study depends on the following parameters:

1. The desired power of the test (B),
2. The value of the overall mean accident rate
(x), and

3. The expected percentage of reduction in ac-
cident rate (A).

The power is the probability of correctly detecting
a change in accident rate, if there is a change
(8). For a fixed mean accident rate (A) and a
fixed percentage of accident-rate reduction (4),
the required sample size will vary directly with the
desired power. Furthermore, there is a greater
likelihood in detecting a change in accident rate
when the rate of accidents is high than when acci-
dents are a rare event. Finally, it is clear that a
larger change is more likely to be detected than a
smaller one.

The sample-size relationship presented below was
derived by assuming that the principal statistical
analysis would be the overall comparison of all
treatment and control sites. A larger sample size
would be required to achieve the same power for the
analysis of scenarios or for before-and-after analy-
ses. The sampling scheme is designed to create k
homogeneous sets of n sites, where one site will be
randomly selected as a treatment site and the re-
maining n - 1 sites will serve as control sites. If
we assume that accidents are Poisson distributed and
use the normal approximation to the Poisson distri-
bution, it can be shown that the total number of
homogeneous sets of n sites needed to test the null
hypothesis that A equals 2zero at the 5 percent
significance level is

k=[0" (8) +1.64] [nf(n - 1)] (1/xe?) 3)

in which ¢-!(g8) is the inverse of the standard
normal distribution at point 8, A is the mean
accident rate over all sets, and ¢ is the expected
change in accident rate (A) expressed as a frac-
tion (5). The value of ®-!(g8) can be easily
determined from a table of the cumulative standard
normal distribution as the value of the standard
variate that yields a cumulative probability of
B. The total number of sets (k) of one treatment
and n - 1 control sites is in effect the desired
sample size.

CRITICAL ACCIDENT-RATE REDUCTION

Because highway traffic accidents at a given study
site are rare events, the overall mean accident rate
(X) can be very small. This can create the need for
very large required sample sizes. It 1is therefore
possible that no experimental design would be sta-
tistically sensitive to small changes in accident
rate, be feasible in terms of site availability, and
be economically practical to conduct.

The smallest relative change in accident rate
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that would need to be detected can be defined as the
critical accident-rate reduction. Quantitatively,
this is the minimum relative reduction in accident
rate that would economically justify nationwide de-
ployment of the new traffic control device treat-
ment. To determine the critical accident-rate re-
duction, an economic decision model must first be
specified (9,10). By using a net-present-value
(NPV) criterion, the model is expressed as

NPV =PVB-PVC “)

in which the present value of benefits (PVB) is the
present dollar value of a time stream of benefits
and the present value of costs (PVC) is the present
dollar value of costs over the same time period. If
the NPV of an investment situation is greater than
zero, then that investment is considered to be eco-
nomically feasible. When mutually exclusive alter-
natives, each with a positive NPV, are compared,
that alternative with the highest NPV is preferred.

PVB is defined as the present dollar value of
future accident-rate reductions attributable to the
nationwide deployment of the new traffic control
device treatment. PVC is defined as the present
dollar value of the costs of deploying and maintain-
ing the new treatment on a nationwide basis. In ad-
dition to a policy of immediate deployment of the
new treatment, it may be appropriate to consider an
as-needed replacement policy that would permit grad-
ual implementation over a period of years.

The actual formulation of the PVB and PVC func-
tions will depend on the nature of the proposed
traffic control device treatment. In general, PVB
for an immediate-deployment policy can be expressed
as

PVB = (AAR) (4) (AC) (N) (SPW;,0) )
where

AAR = present average annual accident rate per
site,

A = percentage of reduction in accident rate
(AAR) due to increased effectiveness of
new traffic control device,

AC = average dollar cost of an accident,

N = number of sites at which treatment is to
be deployed, and
series present-worth factor for discount
rate of i percent and analysis period of
n years.

SPWi,n =

PVC can be expressed as

PVC = 2N [(AC + LC + MC) + (AC/m* )(GPWi,m)
+(AC/m) (SPW;.m) BW, )] ©)

whare

AC = dollar macerials cost difference between
current and proposed new traffic control
device treatment,

LC = dollar labor cost for deploying each new
treatment,

MC = dollar mileage cost per treatment for
installation crew,

m = average life of new treatment (years),
GPWj ,p = uniform gradient present-worth factor for
discount rate of i percent over n-m
years, and
= present-worth factor for discount rate of
i percent over m years.

Pwi,m

The smallest relative change in accident rate
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that the experimental design should be capable of
statistically detecting is determined by applying
the economic decision model and determining the rel-
ative accident-rate reduction (A) that would yield
an NPV of =zero. Any reduction in accident rate
smaller than this value would be insufficient to
aconomically justify deployment of the proposed new
traffic control treatment. Any accident-rate reduc-
tion larger than cthis value would mean that deploy-
ment of the new treatment could be economically
justified. Thus it would be important to be able to
detect accident-rate reductions as small as the
critical value found at the break-even point.

EXPERIMENTAL DESIGN COST-EFFECTIVENESS

As discussed previously, the required sample size
for a field evaluation of accident-reduction poten-
tial consists of k treatment sites and k (n - 1)
control sites. The magnitude of k is given by Equa-
tion 3 and can be seen to

1. Increase with the desired power (B8),

2. Decrease with the level of the overall mean
accident rate (1),

3. Decrease with the square of the change in ac-
cident rate (¢), and

4. Decrease slightly with the size of the sets
(n).

The value selected for each of these parameters will
govern both the effectiveness of the experimental
design in terms of its ability to detect actual
changes in accident rate and the cost of conducting
the experiment and analyzing the data. Thus, sev-
eral alternative experimental designs can be speci-
fied and then evaluated for their potential cost-ef-
fectiveness.

The selection of the power of the test (B) is a
subjective decision. Increasing its value reduces
the 1likelihood of not statistically detecting a
change in accident rate, if in fact one occurs.
From a safety standpoint, it is clearly important to
make the value of this parameter as large as practi-
cal. A range of values, for example, between 50 and
90 percent, could be used to specify alternative ex-
perimental designs and sampling requirements.

The overall mean accident rate (A) is a func-
tion of the roadway situation under study. General-
ly, typical accident-rate data would be available
from accident records systems or safety publica-
tions. Whatever the traffic control device treat-
ment, the annual accident rate can be expected to be
relatively low. This has the effect of requiring
large, and possibly very large, sample sizes.
Therefore, it may be necessary to consider a multi-
year rather than a one-year study period. For ex-
ample, the overall mean accident rate (A) for a
three-year study is three times as large as the
average annual accident rate. This would have the
effect of reducing the required number of treatment
and control sites by a factor of 3.

The selection of a change in accident rate (g)
that the experimental design should be capable of
detecting can be approached in two ways. First, a
subjectively established range of minimum values can
be used. Alternatively, the critical accident-rate
reduction based on benefit-cost considerations can
be employed. In either case, the smaller the value,
the larger the required sample size.

The final parameter that can be varied is the
size of the treatment-control sets (n). As n in-
creases, the required number of treatment sites is
reduced but the total number of treatment plus con-
trol sites is increased. The most desirable ratio
depends on the relative cost of preparing the treat-
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ment sites versus the cost of data collection at all
treatment and control sites.

By varying each of the above four parameters, a
set of alternative sampling plans can be specified
in terms of the required number of treatment sites
(k) and control sites [k (n - 1)]. The cost-effec-
tiveness of each alternative experimental design can
then be examined in terms of the cost of conducting
the study, the availability of treatment and control
sites, and the smallest relative change in accident
rate that can be detected with an acceptable power
of test. Boundary conditions may constrain the
range of feasible experimental designs. For exam-
ple, a required sample size may exceed the number of
available sites. Alternatively, a maximum budget
level may limit the number of sites that can be
selected and thus the minimum relative change in ac-
cident rate that can be detected during a reasonable
data-collection period. In general, the cost of
conducting an accident study will increase as the
relative change in accident rate to be detected is
decreased, the power of the test is increased, and
the data-collection period is decreased.

VALUE OF INFORMATION

The ultimate question is which, if any, of the al-
ternative experimental designs should be under-
taken. For a given study cost, the most effective
design is that which has the potential of detecting
the smallest relative change in accident rate with
an acceptable power of test. As the study budget is
increased, the effectiveness of the experimental de-
sign will generally increase, but at a diminishing
rate. Therefore, the selection of an experimental
design must consider that trade-off between the
value of the information to be derived and the esti-
mated cost of obtaining that information.

This trade-off can be examined in two ways.
First, the smallest accident-rate reduction that is
likely to be statistically detectable can be com-
pared with the lowest rate that would economically
justify the nationwide application of the new traf-
fic control treatment. Second, the cost of under-
taking the accident study can be compared with the
cost of deploying the new treatment nationwide.
These comparisons must then be interpreted with
respect to both experimental and economic practical-
ity.

If the sample sizes necessary to detect the crit-
ical accident-rate reduction exceed the population
of available sites, then the study would clearly be
impractical because no experimental design could be
expected to detect all possible accident-rate re-
ductions that would economically justify deployment
of the new traffic control treatment. Similarly, if
the estimated cost of conducting the most cost-ef-
fective study designs were to equal or exceed the
approximate total cost of nationwide deployment of
the new traffic control treatment, then the study
would be economically impractical. Finally, if the
estimated study cost necessary to detect the criti=-
cal accident-rate reduction was simply considered to
be too expensive, then the study would also be con-
sidered impractical.

If the final decision is that a practical, cost-
affective experimental design is available, then the
study should be initiated. However, if no such
study design can be found, then three options
exist. First, no further action of any type would
be taken. This choice should only be favored if the
proposed traffic control treatment is subjectively
judged to have little merit. Second, experimental
research could be conducted by using alternative
safety measures of effectiveness instead of acci-
dent-rate data. Finally, the proposed new traffic
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control treatment could be approved for use without
further experimental research. This option should
only be favored if the critical accident-rate reduc-
tion is very low and the new traffic control treat-
ment is judged to offer positive (albeit unmeasured)
safety benefits.

APPLICATION OF METHODOLOGY

As described in detail elsewhere, the above method-
ology was used in a study to devalop an experimen-
tal design for evaluating the safety benefits of a
new railroad advance-warning sign (4,5). The sample
population of interest consisted of the total na-
tionwide population of 36 104 railroad-highway grade
crossings that have reflectorized crossbucks and
standard advance-warning signs. The overall mean
accident rate ()) was 0.049 accident per crossing
per year. Three-year and five-year expected acci-
dent rates were then calculated to reflect the ex-
pected mean accident rates for a three-year and a
five-year study. The relative change in accident
rate to be detected was varied from 5 to 20 percent,
and the ratio of treatment to control sites was
varied from 1:1 to 1:4. A 50 percent and an 80 per-
cent power of test were also specified.

By using Equation 3, it was found that to be 50
percent confident of detecting an actual 5 percent
reduction in accident rate over a three-year study
period, it would be necessary to select almost
15 000 treatment and 15 000 control sites. The re-
quired number of treatment sites could be reduced to
approximately 11 000 if desired, but the number of
control sites would then have to be increased to a
little more than 22 000. Thus by decreasing the
ratio of treatment to control sites from 1l:1 to 1:2,
the total number of required sites would increase
from approximately 30 000 to 33 000. Of greater
significance, however, was the fact that both sample
sizes nearly equaled the total population of 36 104
grade crossings. If the ratio of treatment to con-
trol crossings were to be reduced any further, the
total required sample size would exceed the popula-
tion size. Increasing the power of the test to 80
percent and assuming a relatively 1long five-year
data-collection period resulted in the same finding.

The critical accident-rate reduction was then
calculated and found to vary over a range of 0.0l-
0.13 percent, depending on the sign-deployment
policy and the unit cost data used. This was equi-
valent to a reduction of about one grade crossing
accident in five to six years over the total popula-
tion of 36 104 grade crossings. These results
clearly suggested that it might be both experimen-
tally and economically impractical to attempt to
determine whether the actual safety effectiveness of
the new advance-warning sign would justify its de-
ployment on a nationwide basis.

The trade-off among the smallest detectable ac-
cident-rate reduction, the required sample size, and
the accident-rate reduction associated with the eco-
nomic break-even point for justifying deployment of
the new advance-warning sign was examined hy prepar-
ing the graph shown in Figure 1. It is clear that
none of the alternative experimental designs could
be expected to provide the information necessary to
establish whether the potential safety benefits of
the new sign would exceed the total cost of nation-
wide deployment. When the six most cost-effective
experimental design alternatives were compared with
the estimated cost of nationwide deployment of the
new sign, it was found that the cost of four of the
alternative experimental designs would significantly
exceed that total initial cost of deploying the new
sign on an as-needed basis over a seven-year peri-
od. Moreover, these study costs fell within approx-
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Figure 1. Sample-size requi : total nati id lation of rural

and urban grade crossings with reflectorized cr K rar:d d warning
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imately 30-75 percent of the total initial cost of
an immediate nationwide sign-replacement policy. It
was therefore concluded that the proposed research
study would be both experimentally and economically
impractical and should therefore not be undertaken.

CONCLUSIONS

It is believed that the methodology described above
is both generalizable and practical. It can provide
a quantitative basis for decisionmaking where strong
differences in personal opinion may exist regarding
the need for accident data as a precondition for ap-
proving a new traffic control device treatment. Ap-
plication of the methodology in these situations can
assist in making rational choices, avoiding needless
experimentation, and facilitating early decisions
and timely realization of the benefits of meritor-
ious new traffic control device treatments.
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