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SUMMARY

Introducticon

Highway accident s.atistics indicate that the annual number and rate
of traffic accident deaths have declined to the lowest levels since the
early 1960's. This, along with the fact that annual vehicle miles of
travel have generally increased through the same period, gives an indica-
tion that positive gains are being achiesved from recent highway safety
efforts. In general, programs aimed at improving the safety environment
of the highway, the vehicle and the driver are responsible for the in-
creasa in highway safety.

Transportation programs administered by the Federal Highway Adminis-
tration (FHWA) are aimed at reducing traffic accident fatalities, injuries
and property damages attributable to highway system failures as opposed %o
vehicle or driver failures. To create a hazard free highway system, FHWA
has a comprehensive set of highway safety vrograms consisting of a fuil
range of possible projects and improvement types, which includes raii-
highway c¢rossing, pavement marking, high hazard and removal of roadside
obstacle projects.

On an aggregate basis, safety projects have produced reluctions in
the number and severity of traffic accidents. However, it is not fully
known to what extent individual projects and iwprovement types contribuce
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te this overall reduction. Thus, the effectiveness of individual projecic
and imprevements need to be determined. This can be accomplished by con-
ducting effectiveness evaluations. In recent times, the need for evelua-
tion is reguired for all Federal aid safety projects. However, the inter-
pretation of such evaluations are often erroneous due to the selection of
an inappropriate experimental -plan, lack of statistical testing procedurss
or misinterpretation of evaluation results. It is dmportant that tre
gquality and completeness with which effectiveness evaluatiens are con-
ducted be improved to insure that evaluation resulis are valid and usale
10 the profession. :

Why Evaluate?

he nighway safety engineer is constantly faced with crucial deci-
sions involving seiecticn and implementation of safety countermeasures.
To facititate decisions regarding tha continuativn. addition and deletion
of various types of highway safety programs, it is curitical that valid
evaiuations of completed safety projects be conducted. Quantitative
answers to whether or not the priject 1s accomplishing its intended
purpcse, how efficiently the purposes are being accomplished and wheiher
the project is producing unexpected or contrary resuiis are ol critical
to the decision making process. Without evaluation of indivicuel proj-
ects, the effectiveness of highway safety programs cannot be determirad.
If this determination is not wacde, limited satety Ffunds may not be 211o-
cated to those projects which are most effective in saving lives and re-
ducing injuries and property damage.
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Federal-aid requirements make the reporting of accident exposure,
frequency, severity and cost data for all types of highway safety projects
mandatory. This data is used in the effectiveness evaluation of the
Federal-aid highway safety improvement programs on a nationwide basis.
However, it is desirable that the State and local agency personnel improve
their ability to select and implement those improveménts which provide the
highest safety pay-off based on evaluation results of past experiences.
This manual has been developed to provide both State and local highway
engineers and technicians with a methodology for evaluating highway safety
projects and improvements. -

Evaluation Mgthodp1ogy

A highway safety project, in the context of this evaluation methodol-
ogy, may be defined as a roadway or roadside safety improvement, imple-
mented to impact the frequency, rate and/or severity of traffic accidents.
The improvement of traffic operations may exist as a secondary impact of
the project. However, traffic accident reduction must be the primary
reason for project implementation. A project way be composed of one or
more countermeasures, implemented at an intersection or on an extended
roadway section. A project may also consist of several locations, each of
which has been treated with a similar countermeasure or set of counter-

measures.

Evaluation requires a logical procedure for assessing tne effective-
ness of a highway safety project. The methodology presented in this wman-
ual consists of six functions. Each is formulated into a series of syste-
matic steps which lead the evaluator through the activities and dacision
making processes of a properly designed evaluation study. The evaluation
methodoiogy presented in this manual is based totally on existing state-
of-the-art technoliogy and practices. Both a literature review &nd current
practices survey provided the basis for all evaluation functions.

The six functions which comprise the evaluation methodology are:

Function A: Develop Evaluation Plan

Function B: Collect and Reduce Data
Function C: Compare measures of Effectiveness (MDE's)
Function D: Perform Tests of Significance

Function E: Perform Economic Analysis

LEW I ]

Function F: Prepare Evaluation Documentation_

Function A addresses all necessary planning activities which nmust be
considered prior to performing the evaluation study. The purpose of the
project, the evaluation objectives and measures of effectiveness, the an-
alytical framework for the evaluation (experimental plan) and data re-
quirements are examined in this function. The funclicn is designed as &
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guide for establishing future evaluation activities for current or pro-
granmed projects as well as for organizing a plan for evaluating compieted
projects. Ffunction B provides guidance in the collection and reduction of
field data and data which must be cbtained from existing sources. Func-
tion { presents the various methods for comparing measures of effective-
ness according to the experimental plan selected for the evaluation.
Function D provides a framework for testing the statistical significance
of the changes in the measures of effectiveness (MOE). In Function E,
‘standard economic analysis techniques are performed to enable a fiscal
evatuation of project effectiveness. The effectiveness of the project and
conclusions on the success or failure of the safety project are documented
following the procedure presented in Function F.

Summary of the Evaluation Methodology

A summary of the evaluation methodology is provided in this section.
1t is intended for use by persons who have completed a thorough coverage
of the evaluation methodology as contained in the student manual.

FUNCTION A - DEVELOP THE EVALUATION PLAN

Evaluation studies should follow a detailed evaluation plan., The plan
should be developed as a first step in evaluating completed highway safety
projects. For future safety projects the evaluation plan should be devel-
oped and incorporated with other planning activities.

Step Al - Select project to be evaluated (pages A.4 - A.8)

More projects may need to be evaluated than can be handled by
the resources avaiiable to an agency. Therefore, projects
should be selected which provide the most useful results to
the evaluating agency. The selection criteria recommended
should inciude: 1) Current and future highway safety prcject
efforts, 2} Project implementation dates, 3) Data availabil-
jty, 4) Sufficiency of accident data and 5) Project purpose, -

Determine the purpose of the project (pages 4.6 - A.8)

The selection of the experimental plan and identifica-
tion of data needs depends on the stated purpose of the
highway safety project. 1t is essentia:, therefore,
that the purpose be c¢learly stated prior to 1n1t1at1ng
the evaluation.
The purposes may inciude:

- to reduce accidents (in general or specific types)

- t0 reduce accident severity {overall or for specific
types of accidents)

- to reduce hazard potential

5-3



-~ to improve traffic performance characteristics

The purpose will primarily be based on a review of both the
before accident data and the nature of the implemented im-
provement. List all purposes on the Project Purpese Listing
form {Figure S-1, page S.5).

Step A2 . Stratify projects (pages A.8 - A.12).
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The groups shouid be simitar with respect to countermeasure
types and geometric and environmental characteristics of the
project sites. Depending on the composition of any group, tne
evaluation may be performed in one of the following ways:

- by combining all projects together and evaluating the
entire group as a single project.

- by evaulating each project within a group and combining
the evaluation results.

- by sampiing a portion of the group and evaiuating on a

- combined basis. The Project Sampling Worksheet may as-
sist in performing the sampling procedure (Figure S$-2,
page S.6).

Step A3 . Select evaluation objectives and measures of
effectiveness (MOE's) (pages A.12-A.16).

Evaluation objectives are necessary to test the effect of the
improvement on 1ihe safety characieristics of the hignway
location.

Four fundamental objectives should be specified for all
evaluations. They are:

1

determine the effect of the project on total acci-
dents.

determine the effect of the project on fatal acci-
dents.

determine the effect of the project on injury acci-
dents.

determine the effect of the project on property damzie

accidents.
Al dar_ .7 T VoA S PR, I S soale I oma a — ke~ e o o LS
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ally to the project being evaluated. Tbese should generally
relate to one or more of the progect Durposes.
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PROJECT PURPOSE LISTING

Evaluation No.

Date/Evaiuator Checked by

Project No.
Project Description and Location(s}

Countermeasure(s)/Codes

Project Purpose Justification

Procedural Guide Page : AP 31
FIGURE S-1
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PROJECT SAMPLING WORKSHEET

Evaluation No.
Date/Evaiuator Checked by

Departure From Mean, Error:
Sample Size=__________ Sites

Total 2
Site No. Location Acci)?_ents (X;—p)
: i
= X = = (X-M)2
ng= M = =
O =

Procedural Guide Page: AP 34 FIGURE S-2
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Appropriate MOE's are to be stated for each objective t6 pro-
vide quantifiable units of measurement. Recommended expasure
factors are provided in Table S-1 (pages 5.8, S.9}.

Al)l objectives and MOE's are to be recorded in the Objective
and MOE Listing form {Figure $-3, page S5.10}.

a
Step A4 . Select the experiment] plan {pages A.16-A.28).

An experimental plan is an analytical evaluation framework
which can be used to measure the impact of the highway safety
project in terms of the selected MOE's. Each plan attempts to
accomplish the same objectives. That 1s, to compare the
accident experience after project implementation (Apr or
Apr} with the expected accident experience had no improve-
ment been implemented (Ey or Ep). In oraer tc determine
this expected value each plan is based on different underlying
assumptions. The experimental plan should be consistent with
the nature of the precject and the completeness and avail-
ability of data.

The four experimental plans and the corresponding assumptions
are: :

A. Before and after study with control sitss.

. The accident experience at the project site, in the
absence of the improvement, is similar to the acci-
dent exprience at the control site(s)

. Any difference in the accident experience between
the project and control sites is attributable to the
project. ‘

B. Before and after study.

. The accident experience before and after implementa-
tion remains at the same level in the absence of the
improvement.

. Any difference in the accident experience between
the before and after period is attributable to the
project.

C. Comparative parallel study.
. The accident experience at the project site and the

control site(s) is similar in the absence of the
improvement.
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Project Type

Recommended
Exposure Factor*

1.

3.

Intersection Projects

10-Channelization, including left turn
bays

11 -Traffic Signals, installed or
improved

12-Combination of 10 and 11

13-Sight distances improved

19-0ther intersection work (except
structures)

" Cross Section Projects

20-Pavement widening, no lanes added

-~ 21 -Lanes added, without new median

22-Highway divided, new median added
23-Shoulder widening or improvement
24-Combination of 20,21,22 and 23
25-Skid Treatment/Grooving
26-Skid Treatmwent/Cveriay
27-Flattening and/or clearing of side
sTlopes -
29-0ther cross section work or combi-
nations of above categories

Structures

30-Widening existing briddge or other
major structure

31 Replacing of bridge or other
major structure

32-Construction of new bridge or
major structure {except to elimi-
nate a railroad grade crossing or
one for pedestrians only)

33-Construction or improvement of
minor structure o

34-Construction of pedestrian over-
or under-crossing :

39-0ther Structure work

M

or YM

or VM

VM

V or ¥M
VM

-

Y or YM

Y or YM

% = number of vehicles
VM= vehicle-miles of travel

Yable S-1: Recommended Exposure Facters
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Project Type

Recamiended

Exposurs Factor

5.

6.

59-0ther railroad grade crossing

ATignment Projects

40-Horizontal alignment changes {except
to eliminate highway grade crossing,
Code 52}

4] -Vertical alignment changes

42-Combination of 40 &nd 41

49-0ther alignment work

Railroad Grade Crossing Projects

50-Flashing lights replacing signs only

51 -Elimination by new or reconstructed
grade separation

52-E1imination by relocation of highway
or railroad

53-111umination

54-Ftashing lights replacing active
devices

55-Automatic gates replacing signs only

56-Automatic gates replacing active
devices

57-Signing and/or marking

58-Crossing surface improvement

improvement

Roadside Appurtenances

60-Installation or upgrading of
traffic signs

61 -Breakaway sign or lighting supports

62-Installiation or improvement of road
edge guardrail

63-Installation or improvement of median
barrier

64-Installation of striping and/or
delineators

65-Roadway lighting installation

66~ Improvement of drainzge structures

67-Installation of fencing

68-Impact attenuators

65-0ther roadside appurtenances

V

or

Vi

¥ or YM
Y or VM
V or VM

-

= e =

¥

or
or

or
or
or
or
or
or

Gr

W
VM

VM
VM
Vit
VM
v
¥M -
VM

Table S-1: Recommended Exposure Factors (Cont.)
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OBJECTIVE AND MOE LISTING
- _ i _ .t R .
cvaluauon nNo.
Date/Evaluator Checked by
Evaluation Chjsctive Measure of Effectivensss (MOE}
Determine the effect of Percent change in:
the project on: {check one}
{fundamental) Rate or Frequency
{fundamental}
1. Total Accidents 1. Total Accidents/
2. Fatal Accidents 2. Fatal Accidents/
3. Injury Accidents 3. Injury Accidents/
4. PDO Accidents 4, PDO Accidents/
{project purpose} {project purpose)
5. 5.
AP, 32 FIGURE 3

Procedural Guide Page:
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. Any difference in the &ccident experience between
the project site and control site(s) is atfributaple
to the project.

~

D. Before, during and after study.

. the accident experience before, during and after im-

plementation remains at the same level irn the ab-
sence of the improvement.

. Any differences in the accident experiences betwsen
the before and during, the during and after, and the
before and after periods 1is attributable to the
preject {or absence of it). .

Figure S-4 (page S.12) illustrates the selection criteria and
experimental plan seiection process.

If plan A or B is selected, several years of the total acci-
dent MOE should be analyzed to 1nvestagate the feassb111gy of
using trend analysis.

Step A5 . Determine the data to be collected (pages A.28-A.30).

The evaluation of highway safety projects and improvements re-
gquires data for comparison of MOE's interpretation of prOJec;
effectiveness and economic analysis. The nature and extent of
these data are dependent on the previous decisions inade in
this function, as well as on the ability of the evaluafor
identify other safety aspects which may be impacted (posi-
tively or negatively) as a result of the project.

A1l data required to conduct the evaluation should be estab-
Tished based on:

- objectives and MOE's

- anticipated impacts

- nr‘n
pr

iect cost

- environmental or locational characteristics which may
be affected by the project

As a minimum, the following data should be collected:

- complete accident history for at least three years
before and after implementation

- vehicle exposure data

- project cost

S-11



IS PROJECT YES USE BEFORE, _
OF A TEMPORARY , DURING, AND
NATURE (te.construcTioON)? | AFTER(PLAN D)

iNo

IS CONTROL
. OF INDEPENDENT
VARIABLES CRITICAL ?

ES

ARE SUFFICIENT
RESOURCES "AVAILABLE
TO COLLECT, ANALYZE,
AND INTERPRET DATA?

$YES :

CAN CONTROL
. SITES
BE IDENTIFIED ?

USE \\
BEFORE,AND |
AFTER (PLAN B} _/

IS PRE-PROJECT DATA

TES B USE BEFORE, AND ™
| AFTER WITH CONTROL |}
YES SITES (PLAN A) ./

AVAILABLE OR CAN IT !
BE ESTIMATED SATISFACTORILY ?

NO /7 Use COMPARATIVE ™
—UP ' PARALIEL
{PLAN CJ A

Figure S-4 Experimental Plan Selecticn Procesg
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Step A6 . Determine the magnitude of data requirements {pages
A.30- A.3Z]. -

The experimental plan selected in Step A4 ,artially determines
the magnitude of data to be collected at various locatiocns and
points in time.

An estimate of the magnitude of the data collection effort is
necessary to complete the detailed data collection scheme.
Data analysis periods should be specified along with the
required number of data sets for each M0L. Sample size,
accuracy requirements and study period lengths wust be
specified using the "Manual of Traffic tfngineering Studies“or
other standard traffic engineering references. The Data
Requirements Table (Figure 5-5, page S.14)} shcould be used to
record data needs and magnitudes.

FUNCTION B - COLLECT AND REDUCE DATA

Accident severity, exposure and other traffic data are the basic inputs
for evaluating the effectiveness of any safety improvement. The nature and
magnitude of data requirements are dependent on the oblectives of the
evaluation, the MOE's and the experimental pian, each of which has been
established in Function A.

Data collection activities should be perfermed using trafiic enginesring
procedures and use appropriate eguipment 1o ensure data accuracy and
consistency. References such as the "Mznual of Traffic Engineering
Studies” are recommended in this respect.

Step Bl , Select control sites (pages B.Z-B.4).

The selection of control sites is necessary conly when the
seleted experimental pian is either "The Before and After
Study with Control Sites" (Plan A} or "The Comparative Par-
allel Study" (Plan C}. For these plans, the evaluator must
select one or more locations to serve as control sites.

Control sites must be similar to the project site in terms of
MOE's, geometric and other environmental characteristics.

Step B2 . Collect before data {pages B.4-B.7).

The boundaries of the project site shouid be carefully deline-
ated before data collection. Within these boundaries, accident
data should be obtained from computerized accident reports.
Collision diagrams may facilitate the identiivication of
specific accidents {related to objectives and MIE's) to be
considered in the evaluation. Environmental and highway
features inventories should also be performed 1o detect pos-
sible locational changes which may affect project effective-
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DATA REQUIREMENTS LISTING

Evaluation No.

Date/Evaluator - _ Checked by _
Experimental Plan '

Data Needs | Magnitude

{Number of Sitas, Time Pericd, Dates)

Procedural Guide Page: AP. 33
FIGURE §-5
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ness. The Accident Summary Table and Exposure Worksheet (Figures
5-6, page S.16 and S-7, page S.17) should be used to tabulate
these data.

Step B3 . Collect after data (pages B.7-B.9}.

Data collection activities simitar to those used in the before
period should be used for after data collection. However, a 6
to 8 week period fellowing implementation should be allowed
before traffic performance data is collected. If pian D
{before, during and after study) is used, data representing
the temporary. project period should be collected.

FUNCTION C - PERFORM COMPARISONS OF MOE'S

Step C! . Prepare data summary tables (page £.2-C.8).

ATl accident, severity and traffic performance variables which
comprise the list of MOE's should be tabulated to facilitate
the comparison of MOE's according to the selected experimental
plan. Data related to the MOE's should be tabulated in the MOE

Data Comparison Worksheet (Figure S-8, page S.18).

Step C2 . Calcuiate the percent change in the MOE's (pages
C-6"C-22)- .

This step addresses the determination of the percent change in
each MOE and the expected accident frequency {EF) at the
project site if no improvement had been made.

The percent change requires a two-step process. 1} An esti-
mate is made of the expected value of the MOE if the project
has not been implemented. This estimate is based on the under-
lying assumption to each experimental plan. 2) The percent
change is computed by comparing the actual {observed) value of
the MOEL following project implementation and the expected
value of the MOE.

Since MOE's may be accident frequencies or rates, the expected
vailue of the MOE if an improvement had not been made may also
be frequencies or rates. When calculating expected frequency-
related MOE's, project and control site before accident fre-
quencies must be adjusted for traffic volume changes and un-
equal time lengths between the before and after periods. When
traffic volumes are not available or can not be estimated by
the procedure given in Function C (pages C.i5-C.le), this ad-
justment can not be made. The adjustment is not necessary for
calculating the expected values for rate-related MOE's.

The expected accident frequency ({(Ef} may be calculated
directly if the MOE is frequency-related or may be calculated
from the expected rate-related MOE (ER). The expacted acci-
dent frequency is an input to the statistical testing proce-
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ACCIDENT SUMMARY TABLE

Evaluation No.

Date/Evaluator Checked by

Data Source

Location Check one: E' Project Site{s}: Before.__ or After ___..____‘E
Time Period to Control Site(s): Before—__ or After |

™%

Total Fatai Injury PDO

Accident Categor - . .
gory Accidents || Acc.|re@ites || poo INjuries) oo | invol.

Surface Condition

Dry

Wet
_Snowy/lcy

Other

Total

Accident Type

Overturn

Collision with:
Motor veh.
Pedestrian

Animal

Fixed Object
Other

Total

Two Veh. Accidents

~ . .
QOpposite Direction

Same direction
Ong Veh. stopped
One Veh. entering ramp
One Veh. exiting ramp
QOther

Total

Two Veh. Accident
Types

Head-on
Rear-end
Sideswipe
Angle
Other

Total

Acc, = Accidenis
invol, = Number of Vehicles involved in PDO accidents.
, ) FIGURE S-6
Procedural Guide Page: AP, 35
5.16
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EXPOSURE WORKSHEET

Evaluation No.

Date/Evaluator Checked by:
Data Sourc'e
Location _
Time Period to
Check one: Project Site{s) Before or After
Control Site(s) Before_______ or After
Site [Project] Temotors | AADT |, TPumre

1. 1. 1. 1. 1.

¥ For vehicle-mile units of exposure (only)
FIGURE S-7

S.17
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| Page of
MOE DATA COMPARISON WORKSHEET

Evaluation No.
Date/Evaluator Checked by
Experimental Plan

Contrel Project [Expacted
ft
- Before | After |Before| After AH::O_ Rzzﬁ’:t’i‘;n
- or
MOE Data Summary | (Bgp) |lAck) | (Bpp) |(ApE) | Freq (%}
Accidents:

{ Fundamental}

Total Accidents
Fatal Accidents

injury Accidents
PDO Accidents
{Project Purpose)

Exposure
units:___V, or __VM

MOE Comparison Be Agp Bp Ap

Rate : E (%]

or Frequency ' - - - - —

Total Accidents/

Fatal Accidents/

Injury Accidents/
PDO Accidents/

Procedural Guide Paga: AP 38 FIGURE S-8
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dure for accident changes and must be calculated for all
evaluations.

If the MOE accident data indicates that there imay be an in-
creasing or decreasing trend over time, a regression technigue
should be considered for use to determine the expected value
of the MOE. The least square regression technique is recom-
mended for the trend analysis of the MOEL.

Two tests should be performed to determine whether an observed
trend is significant or is due to random variations in the
data. The first test should be an evaluation of the correla-
tion coefficient (r2). If the correlation coefficient, r2
is greater than .8, then use of the regression results should
be considered. If rZ2 is 1less than .8, then tne average
(single point) value of the MOE should be used.

The second test is & determination of the significance of the
regression coefficient (b). This test is used to determine
whether the slope of the line is significantly different from
zero. If the value of "t" from this equation exceeds the
vaiue in Taole S-2 {page S.20), tnen the regression equation
should be used to obtain the estimated value of HMOE. The
Linear Regression Summary Table will assist .in perforwing the
above tests (Figure 5-9, page 5.21).

Linear regression is applicable to the before and after study
with control sites plan (plan A} and the before and after
study (plan B). When used with pian A, the trend equation
should be based on control site MOE's for the entire analysis
period (before and after) and project site MOE's for the
before peried. When used with plan B, use only project site
MOE's for the before period. ' '

The MOE Data Comparison Table shown in Figure S-8 (page S.18)
should be used to tabulate the values used to calculate the
expected MOE's and the percent change for each MOE. _

FUNCTION D - PERFORM STATISTICAL TEST OF SIGNIFICANCE

The observed percent change in each of the MOE's must be analyzed to ce-
termine whether the change occurred by chance or because of the project.

Step Bl. Test accident MOE variables (pages D.2-D.8.)

The Poisson technique is used to determine whether an observed
reduction in accident frequency constitutes a significant re-
duction within a specified degree of confidence. This tech-
nique is based on the fact that differences betwsen the mean
value of two samples randomly selected from a common distribu-
tion have known characteristics. if, by using the Pgisson
technique, it is concluded that the two sampies are from diff-
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Table §-2 "t" Statistic for Various levels

of Confidence and Sample Sizes

Years "t* Values at Level of Confidence
n .8 . 9 .95
4 0.941 1.533 2.132
6 0.9056 1.440 1.943
8 0.899% 1.397 1.860
10 - 0.879 o 1.372 1.812
12 - 0.873 1.356 1,782
14 0.866 - 1.345 1.761
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Evaluation No.
Date/Evaluator Chacked by

Check one: Frequency MOE or Rate MOE _____

S.21

Eﬁl. M:;s_ XX | 0632 | vi-¥ [0 v-m) x2 | v2 | xv
Period | of | Col_ Col. | Col. Col. ( cot\2| { cot. V2| col. col.
{vrs) | MOE | ()X [{col. @302 (@Y | @ X (B [} (2) ) | mx(2)
1) (2) (3) @) (5) (6) (7) (8) (9)

s - s= == = s= |s-=

X = Y=

Procedural Guic;e Page: AP, 37 FIGURE S-9




erent distributions, then it can be sajid that the implemented
project affected a change in the tested MOE. If, on the other
hand, the conclusion is that the samples are from the same dis-
tribution, then it can be stated that the project had no ef-
fect on the tested MOE (Figure S$-10, page S5.23).

Confidence level selection is dependent on the initial cost of
implementing the project. High levels of confidence such as ..
95% or 99% are justified for high cost projects whereas less
expensive projects justify the use of lower levels such as 80%
or 90%.

Figure S-11 {page S.24 shows a Poisson chart for various
levels of confidence. The ordinant of Figure S-11 is entered
with the percent change in the MOE as determined in Function
C. The expected number of accidents in the before period is
entered on the horizontal axis of the chart. For preliminary
evaluations (conducted at the end of the first and second year
following project implementation), the number of accidents

- should be in terms of before period accidents per year. For
final evaluations (conducted for at least three years of after
data), the number of accidents should be in terms of total
accidents for the entire before period.

Step D2. Perform other statistical tests (pages D.9-D.11).

MOE's for a highway safety project may be related to other
than accident variables. Therefore, statistical tests are,
provided for use in evaluating the significance of changes in
MOE's related to traffic performance characteristics. The
statistical tests include: _ :

- test of propdrtions for testing the significance of
change between the two count data sets {discrete data)

- t-test for testing the significance of change between
two continuous data sets

- F-test for testing the significance of change between
variances of two data sets

FUNCTION E - PERFORM ECONOMIC ANALYSIS

For the purpose of this manual present worth of benefits and costs and
equivalent uniform annual benefits and costs will be the only approaches
considered. '

 Step E1. Select economic analysis technique (pages E.2-E.3).
An economic analysis should be perfermed whenever a statis-

tically significant reduction in an WMOE was observed in
previous Function D.
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Evaluation No.

Page

STATISTICAL TEST WORKSHEET

of

Date/Evaluator

Confidence Level

Checked by
Statistical Test Technique

: After Frequency Percent ! Significant
Evaluation Yoars Reduction For yrs
Objective _ 1 —
) oﬁ?:;;d Ex;{)gc}md Observed | Hequired Yes or No¥
F

{Fundamental)

Total Accidents

Fatal Accidents B o

Injury Accidents

PDO Accidents

(Project Purpose)
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The benefit/cost (B/C) ratio technique should be used when the
evaluating agency has an established set of accident cost
values. Also, if the MOE of major interest is related to ac-
cident severity, the B/C technique provides the most meaning-
ful results since reductions in accident severity categories
are the primary measures of economic effectiveness for the
technique.

When accident cost figures are not available for use by the
agency, the cost/effectiveness {C/E} technigue is .appropriate.
Also when the MOE of major interest is related to specific
accident types (as opposed to severity), the C/E technique
provides the most meaningful results since the economic effec-
tiveness is measured by the cost of preventing one accident
and does not necessarily relate to accident severity.

Step E2. Perform the benefit/cost ratio technique ({pages

E'.3-E.flr).

The benefit/cost method may be performed for either individual
projects or for the project groups established in Function A.
The B/C technique may be performed in two ways; using equiva-
lent uniform annual costs and benefits or using present worth
of costs and benefits. Either method is capable of valid re-
sults. However, for projects consisting of countermeasures
with unequal service lives, the use of present worth of costs
and benefits is not appropriate. Equal or unequal service life
of countermeasures may be used in. with eguivalent uniform
annudl costs and benefits.

The B/C technique consists of the following steps:
- determine initial implementation costs.‘
- determine net annual operating and maintenance costs.

- determine the annual safety benefits in terms of the
number of fatal, injury and property damage accidents
prevented.

- assign a dollar value to each benefit category. Recent
NHTSA accident cost figures are 3$287,175, $3,185 and
$520 per fatality, injury and property damage involve-
ment, respectively. NSC accident cost figures are
$125,000, $4,700 and $670 for fatal, injury and property
damage accidents, respectively. Any other set of costs
may be used.

estimate the service life (see Appendix VIII, page
AP.40}.
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- estimate the salvage value.
- determine an interest rate.
- calculate the components of the B/C ratio

The B/C Worksheet {Figure S-12, pages 5.27-5.28) should be
used to perform the analysis. '

Step E3 . Perform the cost/effect1venss technique (pages
E.15-E.16).

The cost/effetiveness {C/E} technique may be calculated in two
ways; using equivalent uniform annual costs or using present
worth of costs. For projects consisting of countermeasures
with unequal service lives, do not use present worth of costs.
Equivalent uniform annual costs are appropriate for both egual
and unequal service lives.

- Benefits are expressed in terms
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prevented and are not given a mone
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The following procedure is used:
- determine initial implementation costs.
- determine net annual operating and maintenance costs.

- determine ahnuai safety benefits in terms of the average

s o e e A am o i o PR

number of acccidents prevented per year Since project
impiementation.

- estimate service life {see Appendix VIII, page AP.20).
- estimate salvage value.
- determine an interest rate.

- lﬂ ta tha rom
uu uraie Welihe

The C/E Worksheet (Figure S-13, pages S$.29-5.30) should be
used in performing the economic analysis.

FUNCTION F - PREPARE EVALUATION DOCUMENTATION

The evaluator has determined the statistical significance of the effec-
tiveness and economic impact of the highway safety project. The evaluator

should now review all :;r"h\ni"mc of the a.uz'[uat'gen StUd_‘j' to determina the

appropriateness of utilizing the results and other findings for future

highway safety decisions.
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B/C ANALYSIS WORKSHEET

Evaluation NWo:
Project WHo:
Data/Evaluator:

1, Initial Implementation Cost, I: . $

2. Arnual Operating and Maintenance
Costs Before Prcject Implementation: §

3. Annual Operating and aintenance :
Cost After Project Implementation: $

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

5. Annual Saliety Benefits in Number
of Accidents Prevented:

Severity Expected - Actual = Rnnusl

a) Fatal accidents
(Fatalities)

b} ¥njury accidents
{Injuries)

¢) PDO Accidents

ot
(X}

6. Accident Cost Values (Source

Severity Cost
a) Fatal Accident (Fatality) s

b} Injury Accident {(Injury) $
c)} PDO Accident ‘ S
7. annual Safety Berefits in Dollars Saved, B:

fa) x €éa) =

5b} 3 6b)

i

Sc) x 6c)

Total = $

Figure §-12 Sample B/C Analysis Work Sheet
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Services life, n: _“ . yrs

Salvage Value, T: S

Interest Rate, i: : % = 0.

'-Il
it

12.

13.

EUAC Calculation:

-~

CRE =

sFl =

il

EUAC = I (CRL) + K - T (SFR)

EUAB Calculation:

S
to

|
|

B/C = EUAB/EUAC =

14,

fed

16.

FPWOC Calculation:

w
p
5
i

o
=
Q
0

il

I+ K (SPW) - T (PW)

PWOB = B(SPW;)
B/C = PWOB/PWOC =

Figure $-12 Sample B/C Analysis Work Sheet (Cont'd.)

5.28




C/E RANALYSIS WORESHEET

Evaluation HNo:

Project Woi

Date/Evaluator:

Initial Implementation Cost, I:

Annual Operating and Maintenance
Costs Before Project Implementation:

Annual Operating and Maintenance
Costs After Project Implementation:

Wet Annual Oprerating and Maintenance
Costs,K (3-2}):

annual Safety Benefits in Number of
Accidents Prevented, B:

Accident Type Expected ~ Actual =

Total

2nnual Benefit

Service Life, n: ___ Vrs,

salvage Value, T: §

Intsrest Rate:: - g = 0,

i

FUAC Calculation: .

i
CRp = .

SFp =

EUAC = I (CRE) + K - T (SFp)

*

Figure §-13 Sample C/E Analysis Work Sneet
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10. Annual Benefit:
B (from 5) =

11. C/E = EUAC/E =

12. PWOC Calculation:

Pyp=

SPUn=

PWOC= I + K {(SPW;) - T (PW;)

13. annual Eenefit

i

n (from &) vrs.

B (from 3} = accidents prevented per year

14. ¢/B = pwac(sFl) /g

Figure 5-13 Sample C/E Analysis Work Sheet
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Step Fl, Organize evaluation study materia?é_(pages F.2-F;3).

The final determination of the effectiveness of the project
and the validity of the evaluation study recuires ali data
and findings to be brought together to faciltitate a systematic
review.

s, data, calculations, inter-
mediate decumentation and decision criteria developed over the
course of the evaluation study must be organized to facilitate
reference to all elements of the study and allow the evaluator
to arrive at the final conclusions regarding the effectiveness
of the project. Figure S$-14, {page S.32) lists the varicus
elements of the evaluation study which must be available to
the evaluator for final documentation.

The 11¢:t1nn¢ " forms . workshe

Wiy i

Step F2. Examine effectiveness {page F.3}.

Assess project in terms of its degree of success. The effec-
tiveness of the project is primarily dependent on the deci-
sions and caiculaticns made during the comparison of MOE 's
statisticail testing and economic analysis. Therefore, a care-
ful review of the activities within Functions €, D, and £ is
warranted.

Step F3. Determine reascns for pro

Critically review each aspect of the evaiuation process for
appropriateness. If any of MOE's showed unexpected chenge, or
resulted in extremely unusual economic responses, the eval-
uator should investigate the reascns for such unexpected re-
sults. Many failures are not the result of the project but
rather a consequence of an inappropriate decision on the part
of the evaluator or implementing agency, inadequate sample
size {i.e, the number of accidents of a specific type is too
Tow to statistically evaluate) or simply the project was
inappropriate for the identified safety problem, or problem .
identification was inaccurate.

Step F4, Build the aggregate database (page F.3).

The aggregate database should be developed to assist the
agency 1in selecting remedial countermeasures for specific
highway safety problems and supplying expected accident reduc-
tion factors which may be utilized in evaluating alternative
countermeasures for implementation. If all elements of the
evaluation are determined to be aporopriate, the accident
reductions (or increases) wnich were statistically significant
at the selecied level of confidence should be incliuded into
the aggregate database of project effectiveness. The database
should stratify only significant reductions and increases in
accident and severity by improvement type, traffic volume
ranges, facility type, wurban vs. rural setting and other
stratifications of interest to the evaluating agency.
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Justification Statement

Project Descriptipn

Funding Level

List of Prdject Purposes (Function A)

List of Evaluation Objectives and MOE {Function A}

Exberimenta] Plan Uses with Justification
(Function A)

List of Data Variables {(Function A)

List of Control Sites with Selection Criteria
{Function B) '

Raw Data (Function B}

Reduced Data (Function B}

Data Collection Techniques Used (Function B)
Data Collection Personnel

Parametric Comparison Tables {Function C)

Percent Changes in MOE with Calculations
{(Function C)

Statistical Test Utilized (Function D)
Statistical Results (Function D)

Economic Data Including Implementation, Operation,
Maintenance, etc. {Function E) ‘

Economic Analysis Technique Used with Assumptions
(Function E)

Economic Analysis Results (Function [}

Figure S-14 Evaluation Study Materials Checklist
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Step F5 Discuss and document the evaluation study results
(F.B-F §T

Document all eva1uation study results in the final report and
disseminate. to individuals who will benefit from such re-
sults.

The Final Report Form shown in F1gure $-15 (pages §.34-5.37)
should be completed for the final report.
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" PINAL RIPORT

Evaluation Lo:
Froject No:
Date/Evaluator:

Project Location(s):
Countermeasure {8) s

Code (s} :
Initial Implementation Cost:

aAnnual Maintenance Cost:

Executive Summary

List Major Findings and Conclusions of the Evaluation study

rigure S-15 Final Report Form
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Tdentification and Discussion of the Problem

- Administrative Evaluation

List personnel and role in the evaluation study.

Person ' Role

Estimate man-hours devoted to the evaluation by activityg
Activity - - Man~-hours

. Data Collection and
Reduction

. Data Analysis
. Report Writing
Time period over which the evaluation spanned:

Estimated cost of evaluation study:

- Rffectiveness Evaluation

List purposes:

rigure 5-157 Final Report Form (Cont'd.)
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List okjectives and MOE's

List experimental plan used;

piscuss data collection activities, technigues, equipment
used, analysis periods,

List % change in each MOE and statistical significance at
selected level.

Discuss economic analysis technique used and results,

: Figure S:15 Final Report Form (Contd.)
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Discuss problems encountered, conclusiocne and recommendationsi
for futuxe evaluation studies.

Y.

a1,

Figure §-15 Final Report Foum (Cont'ad,)
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