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FOREWORD 

This research was initiated by a request from the Federal Highway 
Administration's Office of Safety and Traffic Operations R&D. The study 
developed methodology to correct for one of the most serious problems in accident 
analysis -- the regression-to-the-mean bias. Regression-to-the-mean is the 
phenomenon where the number of accidents at a high-accident location decreases 
even if no safety improvements are made. In addition, a menu-driven micro
computer program was developed to allow easy application of this new analysis 
technique. The method developed in this study provides a better estimate of the 
expected safety for a site. 

The report is in three volumes. Volume I presents an intuitive, non-technical 
explanation of the regression-to-the-mean methodology. The required assumptions 
and data requirements are defined in lay terms for ease of comprehension to the 
highway engineer. Technical, statistical explanations are relegated to Volume 
III. Volume II of the report briefly describes the computer program and presents 
examples of the computer output, focusing on interpretation of the output 
results. Parties interested in receiving the computer program should contact 
Michael S. Griffith of the Federal Highway Administration on (703) 285-2382. 

Volumes I and II will be distributed with two copies to each Region and six 
copies to each Division Office. Four of the Division copies should be sent to 
the State. Volume III will be distributed on a limited basis, one copy to each 
Region and two copies to each Division Office. One of the Division copies should 
be sent to the State. All volumes of the report will be sent to the Transpor
tation Research Information Service Network, Department of Transportation 
Library, and the National Technical Information Service (NTIS) in Springfield, 
Virginia, to be available for interested parties. 

NOTICE 

R. J. etsold 
Director, Office of Safety and 

Traffic Operations Research 
and Development 

This document is disseminated under the sponsorship of the Department of 
Transportation in the interest of information exchange. The United States 
Government assumes no liability for its contents or use thereof. The contents 
of this report reflect the views of the contractor who is responsible for the 
accuracy of the data presented herein. The contents do not necessarily reflect 
the official policy of the Department of Transportation. This report does not 
constitute a standard, specification, or regulation. 

The United States Government does not endorse products or manufacturers. Trade 
or manufacturers' names appear herein only because they are considered essential 
to the objective of this document. 
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LENGTH LENGTH 
in inches 25.4 millimetres mm mm millimetres 0.039 inches in 
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AREA AREA 
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fl' square feel 0.093 metres squared m• m• metres squared 10,764 square feet fl' 
yd' square yards 0.836 metres squared m• ha hectares 2.47 acres ac 
ac acres 0.405 hectares ha km' kilometres squared 0.386 square miles mi2 
mi2 square miles 2.59 kilometres squared km2 

VOLUME VOLUME 
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lb pounds 0.454 kilograms kg kg kilograms 2.205 pounds lb 
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TEMPERATURE (exact) TEMPERATURE (exact) 
OF Fahrenheit 5(F-32)/9 Celcius oc •c Celcius 1.8C + 32 Fahrenheit OF 

temperature temperature temperature temperature 

Illumination Illumination 
le foot-candles 10.76 lux Ix Ix lux 0,0929 foot-candles le 
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--- Chapter 1 - Introduction 

This manual contains documentation for assisting users in the operation and 
interpretation of the computer program, BEATS, Bayesian Estimation of Accidents in 
Transportation Studies. This program implements the statistical methods developed in 
Volume I, Application of New Accident Analysis Methodologies. A brief description of the 
methodology is provided here for the purposes of review, only. The first time user is 
strongly encouraged to read volume I before using BEATS and to refer to this manual only 
as a refresher. 

As with any easily implemented software, use of this program without a 
comprehensive understanding of the data requirements, assumptions of the methodology, and 
interpretation of results can lead to erroneous conclusions. This manual and the tutorial 
available during the program execution will provide a brief summary. However, these 
sources will not be sufficient to ensure proper application of the analyses for the first time 
user. 

BEATS can accommodate each of the three accident analyses described in volume I, 
namely: 

1. The estimation of effectiveness of a highway safety treatment. 

2. The identification and ranking of high accident locations. 

3. The combining of safety treatment effects from multiple sources. 

The program, written in Turbo Pascal, can be run on any DOS-driven IBM or IBM 
compatible PC. The program is pre-compiled and can be executed on a computer without a 
hard disk drive, such as a lap-top. Memory limitations are controlled by the size of the data 
set being analyzed. To execute the program, the diskette need only be inserted and the word 
BEATS entered in the same drive where the disk was inserted. 

The menu screens direct the user from this point with complete instructions. For 
each of the accident analysis applications, the user may request more information in the way 
of tutorials or the user may opt to bypass the tutorials and go directly to data analysis. Since 
the tutorials contain information vital to the appropriateness of the EBEST method, i.e., 
assumption and data requirements, first time users are encouraged to go through them. The 
bypass option is designed primarily for frequent users. 

Chapter 2 presents a brief overview of the methodologies including data needs and 
assumptions. An example of the menu screens and tutorial information will be presented in 
chapter 3. These screens are the ones that would be seen if the user opted for the Safety 
Treatment Tutorials and Analysis using data with exposure measures and with both 
comparison and reference group information in the before and after time periods. Chapter 4 
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contains sample outputs from the BEATS program and a detailed explanation of the computer 
output. Chapter 5 addresses potential problems which the user may encounter in the program 
execution. 
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Chapter 2 - BEATS Input - EBEST Data Needs-------• 

The methodologies developed in volume I, namely EBEST and MACEST, require 
certain basic data assumptions and the availability of critical data elements. In this chapter, 
these will be reviewed. However, first time users of this method should refer to volume I 
for comprehensive details. 

The EBEST method is an Empirical Bayes methodology for preforming two of the 
three accident analysis applications listed in chapter 1: 

1. Evaluation of highway safety measures. 

2. Ranking and identification of high hazard locations. 

The MACEST method is an Empirical Bayes methodology for performing the third accident 
analysis application: 

3. Combining safety information from multiple studies. 

Data needs and assumptions 

reference group 

For safety evaluation, the EBEST method requires that reference group data be 
available. The reference group is a sample of sites which , together with the treatment sites, 
represent the population of potential treatable sites. Accident data for the same time period 
as the treatment before period is necessary. Data from the reference group for the after 
period is desirable but not necessary if: 

• Data is available for estimating other confounding effects such as time - i.e., 
comparison group data. 

• It can be assumed that there is no time effect or any extraneous variables 
which could compromise the estimation of a treatment effect. 

In the ranking and identification of high hazard locations, the entire set of sites to be 
ranked form this sample of potential treatable sites. Hence, for this application, the 
reference group is inherently available. 

The EBEST method cannot be used unless reference group data is available. Failure 
to provide this data will result in failure of the BEATS program. Also, for both frequentist 
and EBEST methods, if the denominator of the crossproduct ratio is zero, it is undefined and 
an estimate cannot be obtained. This will happen whenever the treatment group before or 
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after data has zero accidents or the comparison or reference group after data has zero 
accidents at all sites. 

exchangeability and exposure 

For both EBEST and MACEST, the underlying assumption of exchangeability must 
be satisfied. Exchangeability means that the measure of effectiveness being estimated 
(accident counts, accident rates, etc.) must come from populations whose true means are 
independent and identically distributed. That is, the true accident rate for one site must be a 
random variable from a distribution which has some mean and the true accident rate for any 
other site in the data set must come, randomly, from that same distribution. Stated another 
way, there should be no reason, a priori, to know that one site's true mean rate is higher (or 
lower) than any others. 

For the MACEST procedure, the data being analyzed consists of safety treatment 
estimates or cross-product ratios. The assumption of exchangeability here means that there 
should be no reason to believe, a priori, that one study's estimate of the safety effectiveness 
is higher (or lower) than any other in the group of studies being combined in a synthesis 
study analysis. 

The variable which most critically affects the assumption of exchangeability is 
exposure or a site's relative accident risk. If sites vary tremendously in their exposure, as 
represented by vehicle miles traveled (VMT), for example, yet VMT is not available, using 
the accident counts in an EBEST procedure, violates the assumption of exchangeability. 
The reason: it would be obvious to guess, a priori, which sites had the highest accident 
counts - the ones with more traffic. If, on the otherhand, VMT is available, accident rates as 
accidents per unit VMT can be analyzed and these rates are exchangeable. The reason: 
there is no reason, a priori, to suspect which sites would have higher (or lower) true mean 
rates. 

Exposure is a key variable and its definition depends upon the problem. For sites of 
varying section length, section length is an exposure measure. For sites of varying before or 
after treatment periods, such as construction project safety studies, the time periods are a 
measure of exposure. Basically, both the EBEST and MACEST procedures allow 
information from sites with greatest exposure, or potential accident risk, to be given more 
weight than information from sites with low exposure. 

In applying the MACEST procedure, careful consideration should be given as to what 
variables represent study exposures. Obviously, the number of sites in a study is an 
exposure measure and it would be desirable to give the safety treatment effectiveness 
estimates from studies based on a larger number of sites more weight. 

Data are needed on all variables which might cause sites to vary in their exposure or 
accident risk potential. Since sites rarely have the same traffic volumes, it is highly 
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recommended that data always be available on traffic volumes and used in this procedure. 
Rarely will omission of traffic volume be justified as explained in volume I. However, this 
program allows the user the option of not entering an exposure variable. Emphatic warnings 
are expressed if this option is selected. 

The availability of comparison group data is also optional, if reference data is 
available during the after period to adjust for time change. If both are available, the 
program will estimate the treatment effect both ways. 
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Chapter 3 - Execution of BEATS------------

The BEATS program is pre-compiled. On an IBM-PC with hard disk drive, C, and 
one floppy drive, B, the user would insert the diskette in the B drive and type: 

B: 

After which, from the B drive the user enters: 

BEATS 

From this point on, the computer prompts the user. An example of the menu screens 
will now be presented for the user who wants to perform a safety treatment evaluation and 
has accident and exposure data available for reference, treatment, and comparison groups 
before and after treatment. All tutorials will also be presented for completeness. 

Tables 1 through 3 list the first three menu screens to appear. The non-indented line 
on table 3 denotes the line being highlighted. Movement of the up and down cursor key 
allows changing the selection. For the desired selection, either press the enter key when the 
desired menu item appears or depress the function key (Fl through F8) for the desired 
action. Table 3 signifies that the Introduction is desired and the Fl key is pressed to view 
table 4. Tables 4 through 7 contain introductory information with very brief summary 
reviews of the methodologies and assumptions. After table 7, the user is returned to the 
main menu (table 8) and allowed to make another selection. At this point, the seasoned user 
may opt to bypass the tutorials (F2 through F4) and go directly to the methods (F5 through 
F7). The first time user should proceed through the short tutorials. For this example F2 is 
depressed and the next screen viewed (table 9). Tables 9 through 20 contain the safety 
treatment tutorials. 

Table 21 returns the user to the main menu. The ranking and meta-analysis tutorials 
are presented in tables 22 through 30. The treatment evaluation example begins with table 
31. Table 32 specifies the data requirements and table 33 asks whether or not exposure data 
is available. If the user says no, the analysis continues; however, the user is strongly 
cautioned on the risks of not having exposure data. For this example, the user enters 1 for 
yes and proceeds to table 34 and is queried as to whether or not the reference group after 
data will be entered. Again, for this example the response is 1, yes, and the user is asked, 
in table 35, if comparison group data will be available. Another 1, yes response produces 
table 36 which describes the data input procedure. 

Data must be stored in an ASCII file. Input and output files must use the format: 

(Drive):\(File Name) 
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Table 37 describes the ASCII file which contains the data and the required format. 
The format is a free-format, i.e., data elements need not follow an exact format, but all data 
elements must be numeric and variables separated by at least one space. The maximum field 
size is 5 digits for all variables except exposure which can cover 18 fields with as many as 8 
digits to the right of the decimal point. Missing data, such as no exposure for a site if the 
exposure option was selected or no accident information for one site, is not accepted by this 
program. These sites must be edited from the data file prior to program execution. 

Assuming an ASCII file exists and has been copied to the BEATS diskette, the user 
enters the name on the file as requested in table 38. For this example, the file is called: 

m19smz5 

The program then requests the user to specify the name of the file which will contain 
the program results. The BEATS program does not print the data results to the screen but 
rather to a file on the diskette. To print the results, the user must print the output file after 
the program has executed. The name of the output file given for this example is: 

outsmz5 

Table 39, the last screen for the execution of this example, asks for specific details 
which the user might request for the output. Since some data sets may be quite large, options 
are given for printing only the top 20 sites by accident count or accident rate, or listing only 
the global (overall) statistics. Since this data s.et is small, the option was to list estimates for 
all sites (Fl). 

Description of the input data 

The data file must contain the following elements, depending on the selected options: 

• Identification (site number) - a numeric variable five digits or less. 
• Treatment period - l before, 2 after. 
• Group type - 1 treatment. 2 reference group, 3 comparison group. 
• Number of accidents. 
• Exposure. 

The exposure variable is assumed to be one number. That is, if more than one 
exposure factor exists, the number entered as "exposure" should be the product of all of the 
numbers. For example, suppose the study included sites of varying section lengths. Then, 
the product of AADT and section length needs to be computed and the result of this product 
is the single value entered here as exposure. The BEATS program will not accept multiple 
exposure variables separately. That is, if section length and AADT are both recorded 
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separately, the computer program will not work. Exposure units may be scaled to whatever 
dimensions desired such as AADT/10,000, miles, etc. 

A typical record would be: 

220 2 1 550 2234.56 

This would represent site 220, a treatment site after treatment, with 550 accidents per year 
and 2234.56 average annual daily traffic. 

After program execution for one data set, other data sets may be analyzed sequentially 
by returning to the main menu. Care should be taken to rename the output file so the 
previous data analysis is not overwritten. That is, if a new data set is defined in table 38 as 

m19smz6, 

the output file should have a different label as well, like 

outsmz6. 
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- Chapter 4 - BEATS Output------------------

The BEATS output will be contained in an ASCII data file created during the 
program's execution. The file will reside in the same directory as the BEATS program and 
will have the name assigned by the user in table 38. 

The BEATS output includes: 

• A narrative summary of the study results. 
• Descriptive statistics about the study data. 
• Data listings and rankings as requested by the user. 
• Statistical details of the parameter estimates and test statistics from which the 

narrative is based. 

In this chapter, the output for the safety treatment example of chapter 3 will be 
described. Since the output for the ranking procedure is similar to that of the safety 
treatment procedure, the only other output that will be explained in this chapter is that from 
MACEST. 

The safety treatment evaluation results for the example in chapter 3 was stored in the 
file outsmzS. To p!int this, the user would type: 

PRINT B:outsmzS 

assuming the program was executed from the B drive. (Note: PRINT commands will vary 
with computers and printer types. If this command is not recognized, the user must find out 
what the PRINT command is for that particular PC set-up). 

The print out from this command is shown in figure 1 and tables 40 through 42. 
Figure 1 is a narrative which explains the results of this analysis. This table should be read 
while referring to the descriptive statistics output of table 40. The descriptive statistics 
columns are: 

group 

time period -

no. of sites -

total freq. 

max. freq. 

labels referring to treatment (trt.), comparison (comp.) and 
reference (ref.) groups. 

before or after treatment. 

number of sites in each group and time period. 

total number of accidents in each group and time period. 

the maximum number of accidents at any one site for each group 
and time period. 
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min. freq. 

total exp. 

max. exp. 

min. exp. 

rate 

the fewest number of accidents at any one site for each group 
and time period. 

the total (sum) of all exposure over all sites (e.g., total VMT). 

the maximum exposure for any one site. 

the minimum exposure for any one site. 

the total accidents divided by the total exposure for each group 
and time period. 

Table 41 gives detailed statistical estimates from which the narrative of figure 1 was 
derived. Much of what is in this table is only of interest to the statistical researcher and can 
be ignored by those who are primarily interested in the interpretation of the study results 
(figure 1). The specific items will be identified here but the reader is referred to Volume III, 
Theoretical Development of New Accident Analysis Methodologies, for a more detailed 
explanation. 

max (z) 

min (z) 

avg (e) 

ratio (e) 

mu (mom) 

r(mom) 

the maximum number of accidents among the treated sites before 
treatment. 

the minimum number of accidents among the treated sites before 
treatment. 

the average exposure for the treated sites before treatment. 

the ratio of the maximum exposure to the minimum. (This will 
affect the amount of shrinkage and variability in the assumed 
prior distribution.) 

the method of moments estimate of the mean of the gamma 
distribution. 

the method of moments estimates of the exposure (variability 
factor) of the gamma distribution. 

The last two statistics are used as initial estimates in the numerical iterative procedure 
to compute the maximum likelihood (EBESn estimates. The mu (mom) is equivaleat to 
Hauer's estimate if all exposures are equal (r (mom) = 1). Using the method of moments 
estimates as initial guesses has generally resulted in faster convergence. However, these 
estimates can be negative for some data sets and if this happens they are not good starting 
values. When this happens, the computer program automatically resets them to one and 
proceeds with the maximum likelihood procedure. 
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avg (y) and var (y) - the mean estimated mean and variance of the accident 
rates, y. 

bavg. 

no. iter. 

expected after 

the average of the shrinkage coefficients, B;. 

the number of iterations required to converge to the 
maximum likelihood solution. 

the expected number of total accidents for the treated 
sites accidents after treatment based on EBEST(EB) and 
based on the classical (FREQ) procedures. 

The following statistics use the comparison group data: 

trteEBC 

trtefc 

tEBC and zfc 

estimation of the cross product ratio using the EBEST 
estimate (this value minus one times 100 gives the 
percentage of increase or reduction due to treatment in 
percent). 

the estimation of the cross product ratio using the 
classical estimate. 

the test statistics for testing the significance for testing 
the significance of the effect. These are compared to 
standard normal z-values at some desired level of 
significance for testing the hypothesis that there is no 
treatment effect. 

The next line of statistics correspond to the same items as above but use the reference 
group for adjusting for time trends. If there is a big difference in the conclusions drawn 
using the reference group versus the comparison group, the user should carefully consider 
which is more appropriate in adjusting for time effects, etc. 

Table 42 lists the data for each site in the treatment group. The column heading are 
defined as: 

id 

count 

exposure 

rate 

the number of the site (identification). 

the total accidents at the site. 

the exposure for that site. 

the accident rate, z/e. 
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exp. rate 

exp. count 

diff. count 

diff. rate 

LB,UB 

the EBEST estimate of the accident rate for that site. 

the EBEST estimate of the total accidents. 

the shrinkage coefficient (Those sites with values close to one 
are being shrunk more toward the group mean. The more 
values in this column near one, the more r-t-m bias in the data). 

the difference between the observed number of accidents at the 
site and the estimated number of accidents. 

the difference between the observed and estimated accident rates. 

the upper and lower 95-percent confidence interval about the 
estimated accident rate at that site. 

The last two columns should be compared to the observed site accident rates, y. 
When the observed rates fall outside of this interval, it means that the accident rate for these 
sites is significantly higher (or lower) than expected. This can be a criteria for identifying 
high hazard locations (volume I, 3.2). 
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- Chapter 5 - Potential Problems ------------------• 

The numerical complexities of obtaining the maximum likelihood estimates for this 
problem can result in computational problems and program failure. An iterative numerical 
algorithm which requires initial estimates is necessary. Many algorithms exist, and the one 
selected here was compared to others and found to be superior to other alternatives. <1l 

Nonetheless, computational handicaps exist and are a function of the quality and quantity of 
data available. 

These computational problems are in addition to the problems that could occur when 
EBEST assumptions are violated or certain data elements are not available. In these cases, 
the BEA TS program cannot find a numerical solution. This happens when the data for 
whatever reasons, seem to represent an unusual likelihood function where a unique 
maximum cannot be found. When this occurs, the algorithm will not converge to a solution. 
A limitation of 25 iterations is built into the program to prevent it from executing 
continuously. After 25 iterations, if convergence is not obtained, a message to this effect 
will be printed. 

Unfortunately, there is no simple solution to this problem. There is some 
incompatibility between the data and the assumed models, and only with the assistance of a 
statistician can it sometimes be resolved. Experience to date indicates that this phenomenon 
is rare and not likely to occur. It did occur occasionally during the simulation study. These 
instances seemed to occur when the number of sites was small and the variability in 
exposures was large or when exposures were large relative to the number of accidents. 

The user should be alerted to the possibility of this problem. When it occurs, the data 
should be scrutinized for violations of assumptions of the model. If the problem cannot be 
corrected, the EBEST method cannot be used. This can occur with any statistical method 
when the data is not compatible with the assumed model. Whereas most other statistical 
methods will still numerically provide a solution, though incorrect, without warning, the 
EBEST method will simply fail and no solution will result. Perhaps this is preferable to 
providing a solution but a wrong one. 

13 



_Menu Screens 

Table I. Screen I. 

Baya■ ian Estimation or Accidents ln Transportation stud.la■ 

8888 EEEE • TTTrr 555 
8 8 E •• T 5 
B 8 E • • T 5 
888B EEE ..... T 5S5 
8 8 • • A T s 
8 8 • • A T s 
BBBB EEEE A A T SS5 

-------------Pr••• any key to continu", .. ___________ _. 

Table 2. Screen 2. 

Development and imple••ntatlon ot this 111ethodology was conducted. 
undac the auspices ot the Texas Transportation Institute ('ITI) 
under • contract vlth the Federal Highway Administration. Dr, Olqa 
Pendleton was Principal Investigator. Or. Carl Norris, 1Jnlverslty 
ot' Texa.a Center tor Statistical Science was consultant to the project, 
Or. Morel■ developed th■ bplrlcal Bayes (EBEST) methodology and 
conduct.ad data analysis with assistance fro• qraduate students Mary 
Bishop and Cindy Chrlatlansen. The co■puter proqram and data analyaia 
were conducted. by Or. Ot'alla Goru:al ■ z and Dr. Horac:iD Duarte • 

._ ___________ Pre.a■ any Jtey to continu•-------------

Table 3. Screen 3 . 

. ~~--~~-",,.>·~--/::<:..-· ~.e ~--- .. ·,: 
t .. 
t 
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Table 4. Screen 4. 

This proqraa provide& a method ror obtalnlnq expect.eel accident 
rat.ea or lrequem:les for ■ ,ylven data &et. The stat.lstlcsl methodology 
used (the EBEST method] ls a pl'"ocedure which uses prior Jnt:orm11tlon 
to adjust for pot.entl11l reqress.ion-to-the-mean effects. EB.EST at.11nda 
for Empirical Bayeel■n Ei&tl•iltion of Safety ln Transportatlon. 

Pr■ l'lo ■ 

L..-------~nr k■ y - n■ w:t ■ ell'."■■nJ r:sc - ■aln ■•n.,...---------' 

Table 5. Screen 5. 

Regra1111lon-to-the-mean 

Reqresslon-to-the-■ean can be II ctmt'oundlng factor ln accident 
analysis. 'Ihls ls specially true when evaluatlnq the e[fectlvenes& 
of a safety treatment, 

slnca troat■ent sit.ea are not generally se)ected at IC"llndDm, but 
rather nccordlng to high accident eicpcrlence, these sites D'lclf 

rep£esent a biased 1n111151le-blased ln the dlrec:tlon of h~9h accident 
rates. Thei-et'tt11""e, a t"ll!ductl1:H1 in a.ccldent :rates In oub'1eguent year111 
could be anticipated apnrt: t'ro111 any treat111ent eC!ect sl111ply becau9e 
tha (uture accident rat• la moving (regressing) toward tha true mn11n 
rate ot tho population ot potant.lai tn111t111ent 11lte11. 

In order to l110lata true treatment eflect9 in accident• fro• 
rl!:qresslon-to-the-p,ean effects, 111 lllOl"e realistic est.Ima.ta foll" the 
ex.pactad accldent rat• at. the treated site ■ ls needed. 

Precs 
any key - next ■cr1111n1 "9Up - pll"avlou11 11craan; ESC - m.aln menu ___ _, 

Table 6. Screen 6. 

Empirical Baye■ Eatlmatlon or Safety in Transportation - EBEST 

'Empirical Bayes e15t.l111ates are ba!led on knowledqe about the 
entire population or potential treatment &ites. Thi ■ knowledge 
ls obtained .l'rom data representing thls population. With this 
knovledqe, thf! axpacted accident. rate .l'or the treated 15ltes Cllln 
ba adjusted for any sn1pllng bla.s due t.o t.he treatment. alte 
isclect.ion proce&A. This then provlde!I a more re.a.listle estl-te 
of the expected number of accident.a .apart .l'rom any t:re.at111.ent. 
eUuct. 

Press 
any kay - naxt. acraen1 PqUp - previous acreen, ESC - maln menu, ___ _, 
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Table 7. Screen 7. 

Short tutorials are avalll!lbla to sssist you in understanding 
how BEATS works and what are lta data reCIIJlremanta, 

BEATS can perform three tasks: 

1, Ev11luate the e!C'activene1>e ot a safety 
treatment in a before/after atudy. 

2. Rank sit111o. according to their satety as 111ight 
be deaired to identi:Cy high hazard locations. 

3. ComDine aatim&tea or safety treatments tram 
multiple sources (studies). 

,._--------.re11■ eny key to go back to the main menu,---------' 

( 

Table 8. Screen 8. 

BEA.TS 
Hen1.1 -------------------

l 

.i 

Fl 
Fl 
r, 
F4 
F5 

•• 
F7 
F8 

Introductlon 
Treatment Evaluation "'l"utorial 

.Ranlcinq Tutorial 
~eta.-A.nalysis Tutorial 
Treatment Eval. Data Analysis 
Ranldl"lg Dnta Analysis 
Het.a-A.l'lalysis 
Qua 

1---~-----

Table 9. Screen 9. 

Data requirements: 

In ord7r to adequately evaluate l!I sa,ety t:reat':llent using 
BEATS you "'1.ll need ':.o consider tha validity or s=ertain 
assumptions required ot the method (EB£S1'). Also, you ...,111 
need t<:> satisfy certain minimal d11.ta requlrements • 

' ,j 

' 

._ ________ any kay - naxt sc:::~: ESC - main menu,---------..! 
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Table 10. Screen 10. 

Treatment qroup 1 

The treatment group is (le[lned II!. 11 ccllet;tlo11 or loca.tion!I 
which ha.,,e received 1510r.1e sa!ety treatr.,ent. A:::-:;:ldrnt countg for 
some c1aeignated period bet.ore and aCter treatment are rl!qulred. 

The duration or. these t.lr:ie period~. bet'oni a:id aft.er, need 
net be equal but you wlll need to specify the Fericc:h ln some 
unit (m<inth'll, :r'ears, u':.c.). Additional info:nn&tlon about. these 
sites, euch as tn1t.Cic volume, sect.Jon length, etc. r:iay be ..,.er}"' 
vital to edequately e,..aluate tl"'e tr~;)trrent. This will depend on 
the asgui.,ptlon or exclH1.,igeabillty whh:h will be de!ined in tutur-e 
pro:Dpte. 

Frc1111n 
any key - naxt ■ 0r ■ an1 PqUp - pn~vlous 111crean1 E5C - 111aln ~enu----

Table 1 l. Screen 11. 

Refere11ce group1 

The ret'erenc:e group .!nd treat:"a!:nt group collectively 
represent the entire popula.tion ot potential tre1!.tment Bitel!II, 

The quality ol the relerence group ha9 slgnl!lci1nt impact 
on the quality ol the EBEST estimJtes anc:l &Ubsequentl:; on 
conclusions about t.he treab:umt er!ectl..,eness. 

Pre&e 
any key - ne1<t screen, PgUp • prevli:;,uB 6creen; ESC • m11ln 11H!nu---_, 

Table 12. Screen 12. 

Basically, the reference gro1.:p 16 i=roviding additional 
inforr.iatlon on the entire population ol ~ite& '-hlch n,11,y have 
baen candldate9 !or the treatment, It tl:e treatment group ie 
biasedl.y sampled, thlil re!erence group ,.,oul~ torn the complement 
cl: thu treatmiint group. In ttiat &ense, the re[erence group may 
be biased a9 well but in the opposslr.g direction, i.e. to..-ard 
lower accident re.tesi. In!onnation from the reference and 
treatment group9 c11n then be used to estimate the amount ot 
bl!'l.s ln the t.reatnent group. The tr:-eatraent group alone cannot 
provide this inton:i,ation. 

any k.111y • n111xt &creen1 PgVp - previoue 11c:reen1 ESC • main 1:1enu----' 
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Table 13. Screen 13. 

Althou,gh jlQU w-ill need data. on the t["eatme!"lt 1!11.te!!I hoth 
before and after treatment, you will only need d~t.a on the 
reference group t'or the before period for the anBly5ls about 
to be coniildered. Ir reference group data ls e.v3ilable for 
the after period, thle datll. !T'1'1Yr under certain conditions, 
be ueed in lieu or a co111p.?1rlson gr-oup. 

p ..... 
any k•Y - next acr■•n1 Pgup ~ pr ■ vlou11 acreen1 ESC - ■aln ••n,----~ 

Table 14. Screen 14. 

c0111parlson Group: 

A compflrlson 9roup i!'! det:1ned as a group of sites lo'hlch 
ls independent of the treatment. The coripadson group need 
not be a separate group et sites but may be the liii:H'e sites under 
a different condition which l!I n-ot affected by the treatn,ent 
[weather, time or ijay, etc.). The eo1T1pac-ison group provides 
information about the anticipated eaccldent change fror:i the before 
to arter periods. The estlnllte or thi!. e.ntlcipatecl c~!'lnge is then 
used to adjust the Qi,:pected accident counts at tha treated sites 
J.n order to reHect a trand in ti1:1e. 

Press 
any key - next •creen, PqUp - previou• screenr ESC - main u.enu,----

Table 15. Screen 15. 

A comparison gro\Jlp ls n0t a reference gro.Jp, It provides 
int'ormatl0n only about tl!'lle tC"end, not re'3ression-to-the-me11.n. 
Co:1'pariaon gr0ups are selected n-ot. beca1.,;se t~ey represent a good 
sar.,ple t'C"o111 the same population ,of potential treat/:lent sites, but 
because the change in accidents from befo["@ to aft@[" time peri0ds 
for the compaC"ison group ls cons ldered to be a good estin::;,,te of 
the anticipated change in accidents for- the treatn:.ent ,;iroup apart 
froi:i any treat11urnt effect. 

A typical example ._ould be uslmg d["y weather accidents before 
and after a resurfacing traatJT.ent as a c:or,,parison gl"oup for wet 
..,.eather acc:idents at thos;e saima &ltes. The change in dry we11ther 
acc:id@nts "Would eec-v@ as an estlmate for th,;, ::hange anticipated 
1n wet weather aecide.:-,ts apart rrom an:r resurfaclr-1. Althou1h 
this t:1l~ht be a good cct!'par1&on condition, dry 1,1eather accidents 
would not forr.i an apprcprlii.ta re-f~rence qroup for ._-et ._.eather 
accidents since they do not represent the same populations. 

Press 
any k.ay - n111xt screen, PqUp - pravi01.1s screen: ESC - maln aenu----
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Table 16. Screen 16. 

Th'il reference ,group n,ay be used in plece ot a comparison group 
lf Clut'Oclent data llll ~vailablli!I for bot!"', b,;fore anj after perlod11,. 
Thoe E:B!ST procedure adjust, for 1"egresslon bias ln the reference 
gt"OIJP the sace w-ay lt adju•ts tor blae in the treat111ent group. 

Whethec you use refererice group data or comparise:-n group d-,te 
ls optlona.l, HO\Ja.rar, at least one of the1oe Is re:::iulred to ad:)uet 
for the time t.n!'!nd. You will nef!!d, then, tre11tmer,t group d&ta 
before ,11nd after l'llnd e!ther r@ferenee group data beron1 and attar 
or cor:.parlaon 9roup data before end ,11fter. 

Preaa 
any key - n11111t. eier••nt Pqup - pr•vlou• •~r•1u11 1':SC' - ai.aln m•n-----' 

Table 17. Screen 17. 

Exchange,11blll.ty Assumption: 

A critical assumption in \:Sing EB TT,eth:-ds le @l(chan,;e
ab1.lity. Basically, this 1T1e~ns thnt I.le t-.a\le no reaeon, ln ;,.dvance 
or data collectlon, to kno.,, .,hich Gites ln ot.:r da::a set ...,ould ha~·e 
hiqher acc1dent r11taa. Thie as1n.1mptlon can be best defined UBlng 
an exaIDple. 

Pres!I 
any key - next ac::raen, PgUp - p.cevlot.:s screun: £SC - ca.in 111enu----' 

Table 18. Screen 18. 

Exarripla or axc:h.!ringeabillty: 

Suppose that t.he only datl'I !'lvall1!1~le for III group or slte!I. is 
their 11.c:cldent counts. Wlthou:: ,".ir.y ether ir-el'lsures of eKreaura. 
auch a& tra!!lc volu!T'a, the accident count ~ust GeI"Ve as a 
surrogate tor ac;c:ldent rata as it is the only a.vallable measure of 
aare::y, Suppo&e, r10;,,,, th,-t some ,.,ery busy urban lnterGcc:tlons are 
combined with low volume reGidentlal intersections in the treat111ent 
gc-oup. B1;!fore any accident data ls e~·en observed one could guess 
,,.hlch intQr!iection would have 1r.;,re a.ccid!:nts. Jn this ex~r.-ple, the 
exi;:hangeabillty assur.iption ilbout the true site J11ean!l is violated. 
To liati&fy it, traffic volu!T'e dilta hi needi:d. In this v;sy, the 
a111ount or lnforl!lation contributed by aach elta c11n ba 1,,,·9lght'lild )Jy 
traf!lc volume. 

Press 
an:( kl!l:i - neloCt ecre0n1 Pgt:p - previo'Js screen; ESC - a:aln menu----
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Table 19. Screen 19. 

Although trat't'lc volume is the 1:1ost obvious vari,..ble which 
at't'ects exct-.angeability, other variables c:.!ln !:le a factor-. For 
exa111ple, lil~Cti~Hl length 111ay vary a:i,ong sites in !'l:o-ria t.reat~ent 
studies, Another !actor miqht be time periods. For construction 
:z.ona trest:,iantlll, r:turi!ltlon or t.n.e construction period 1:1ay vary, 
Collectivl!!ly, these factors can ba termed as exposure factors. 
If sit.ea vary in their exposures, data on the amc11,1nt of expoaura 
is e.ssantlal to the analysis. 

Press. 
key - next acreen; PgUp - previo\ls ocroan, ESC - main menu__J 

Table 20. Screen 20. 

Asking HE.ATS to evl"lluate a 11efety t-rlll!,atrnent for alt.ea 
-.1th differant traffic volumes but not providing thl!l voluma11 
la llk.e trying to evaluate a diat whera the dieters a.te 
&ubstantially ditterent q,.iantitias but. not 11pe.cUyin9 how 
c:auch aach pe.cson 11.ta . 

._ _______ Prass 11.ny key to go back tot.ha r:aain manu--------..J 

Table 21. Screen 21. 

J BEATS f, 

'

~!' __________ M_e_n_• _________ __,r. 
1 Fl Intr0duc-t.i0n I ~ 

! F~2 R!~:~;~a~t!~i!ra ticn Tutorial 
· ,1 14 Hat.a-Analysis Tutorial 

··l F5 Treatment Evl!ll. Data Malysia 

I 
FS Ranking Data A.nalyBiB 
F7 He ta-Analysis 

,,''j F8 Quit 

',-.--------
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Table 22. Screen 22. 

Data requirements: 

In ooc-der to edequat.ely rank the Gite9 according to their 
&afety potential ui.in; the EBEs·r methQd you ,d.11 reed to c:011slder 
the valldlty or cer;taln assurnpt l,;ns requinid or the r,e':hod end you 
'Will need to satisfy certain rninlmal data requ.ii-e1:1ente.-

l't•"· 
,._ ________ any key - na.1tt ■ cra ■ n1 ESC - 1:1aln menu---------• 

Table 23. Screen 23. 

Exchange.abi.llty lu;suuiptlon: 

A CC"lth:;iil assu:nption in u5ln~ EB :-et.hod!! ls e:-:change
ablllty. Ba&lcally, this :i-eans th;:.~ we have no rea!H:ln, in advance 
of data collection, to kr~._. •hlch oit@r. ln our data r.et ""0Uld tiave 
higher nccldent c-ates. ThiB osGu:rrtion can be hf'st define:1 u!lin; 
an e)C4mple. 

Pn!5S 

any k.ey - next BCt"een1 Fq:Jp - .:,r,;,·.,iouu scn!en; [SC - m11ln men,~----' 

Table 24. Screen 24. 

Suppose that the only d11t.a l!'-'dllat>le !-::r a group or e1te9 19 
their accident counts. i,;Lthc..it 11nt ot.hr.r 1T11".-.o;ure9 or e){~onure, 
euch au trarrlc volume, tha accident .:;ount r-,-.;c;t ol!r..,e an a 
i.utTOg!!lt.e to• accldent t"ata 1!.!'i l':: l11o "t 11P. only nv.,!li.'lble neasure ot 
safety. Suppose, no•, tnat some ,..1ny busy '.Jtb.?.:-i intcl'"SP.ctiong ate 
com.blnod wlth lo,... -..olume resld,.nt.lal ~n'::e::-!.ecticn!. ln the tret1tn,ent 
group. Beror@ any acclC.rn': data Is e·~c.n ol:-ser.-e:I ore coul:I 9uess 
which ln':l"rsc-ctlon would have l"IO:'.E'! accldc-nts. In this (>){arple, the 
f!){Changeoabilit:t l!IG'll.lll'ptlon l!lbout '::h@ true ~;ite m~ans j,s -..-iolatod. 
To satisfy it, '::rarrlc vclu!T'o t11t~ la n.-.c::1"',J· In thin -.,,,y, the 
.r:inour,t o! lntormatlon contril::..ited by each i;lte c:i.n bo ""aightl!'d by 
trattlc volutte, 

Pres~ 
any ),;ey - next ecreo:,; P,:;iUp - prevl:;,JE;. ecreen: E'.C' - tnaln mc.nu----

21 



Table 25. Screen 25. 

Although tr&tfie voluT>e ls the most ob..,.ious variable which 
11t:feets exchangeabi.11'!.y, othl!!r variable!!I can be a !'actor. For 
example, section length r:iay vary a111or.g sites in so1:1e tre11tment 
stud!ea. Another fact.or might be '!.ime periods. For constrcction 
zone treatC\ents, dur!ltion of t.he const.ruec.ion period 1:1ay vary. 
C:ollectively, t.hese factors can ba termed as exposure factors. 
I! sites vary in th,air exposures, data on the amount ot' exposure 
is as&ential to tlla anal:l'sis. 

Press 
kay - next screen; Pgt.:p - previoug 11erl!en: ESC - main menu,----' 

Table 26. Screen 26. 

Asking BEi\TS to rank a group of sites with different 
tratfic volu111es but net ~roviding the ..,,.oh.11:1es is like t.rying 
to rank diet.an• ..,ho ate di.fferant q'..lantities a,::,::ording to 
their -weight loss without spe,::ifying ho• :nuch each per11on a.te. 

'--------Pr1111sS1 eny kay to ,go back. to thliil main manu, ________ _. 

Table 27. Screen 27. 

t BEATS 

l----------"-·-"-"----------
1 
'~ 

'Fl Introduction 
Fl Treatcient Evaluation Tutorial 
FJ ;tanldng Tu:.orial 

F4 Meta-A.:ia:..ys1.s Tu-c.orial 
f'5 Treatment Eval. ::at.a Analysis 
FIS Ranking Data 1\nalyi;ia 
F7 Heta-An11lysia 
F8 Quit 

1 
-••-•,c -~--•'"·--·. ___ ,_; 
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Table 28. Screen 28. 

Meta-analysis retet"s to the science cit' obtaining quantitative 
inCo:CTJ.at!on fr-om a collection ol scl!'.'ntl[lc studie~. In re.latlon 
to caunten:1ea5ure evaluation using eccident datl'l., a specific 
appU,catlon ,:,t' i:ie':.a-analysl!I \.'O\Jld he the combining of treatriient 
e!t'ect estimates tror:i mol'.e thl'ln one study !or a particular safety 
treetme,nt. 

f'r••• 
L.--------eny k•Y - riext •cr ■ 11n1 £SC - m!!iln menu----------' 

Table 29. Screen 29. 

Conibinlng lnt'or-matlon on 11'.any studies is typically the 
objective or synthesis rep~rts en specific safct:,· tt"e;,t:rente. 
However, these studie~ often Call to ~rav.i.dc ft q'..lant!tatl\ra 
est!1:1ata a! the overall et'fect when co:tl>ln.1.ng etudlce. 

It ls lrrpo["tant to note that 111eta-1u1alyc.ls ls 8pplicable 
when only a p::irtio:, ot' the study data .e.re available, 6uch 1u1 
mel'!.ne, Vl'!.r!aneee 1'1.nd oth@r descriptive &tati&tico:. G1·•en the 
hand!Co!lp OJ" l'IOt r111vlng tli.e raw date for et1eh ,study, meta
analysis provid@IJ thl!!I beet statistic-al ~sth:iate possible using 
the reduced data. I.I" the raw data is available, it 1s al1.1ay111 
.better to use all of tho dat& thl'!.n just & pot:tion ot' it. 

Frese 
any Jt;.ey .. neitt screen, Pg~p - previous screen: ESC - main 1:u:m~---~ 

Table 30. Screen 30. 

In pr!!.ctico, decioiong often nee::1 to be t;;at;e::1 on data whh::h 
is provl';!ed ir 60:..e co:idenr,ed fore1. Tt'.ese dec:1:.lons are t1·pic:a.l.ly 
rnade Gt;bjectlvel}' t::eca;,i!;e quantitative e~tiraat,;u1 ore not availablo. 
tlata.-enaly&ls can pro'wldu s..ich oest.icates. 

,_ _______ Pre11a l'lny koy to go back to the 111~!.n ~enu--------"" 

23 



Table 31. Screen 31. 

BEATS 
Henu 

Fl In~roduc:t:ll'ln 
F2 Treatll'lent Elfaluatlon Tl.lt.orial 
Fl Rankinq Tutorial 
F4 Heta.-11.nalysis TutoC'ial 

F'5 Treatment Eval. o,-t.a A1H1ly1S1h1 
FS Ranking Data i\nalysi& 
F7 Hee.a-Analysis 
FB QlJit 

Table 32. Screen 32. 

Dat.a Requlramante i 

Data ara needed on all v~riableg whicn mi9ht c:auee Rite.a to 
vary in tha1r exposure. or accident. risk potential. 

S:lnca gite!I rarely hava the saoe traffic volumes, it l!I highly 
reco~ended that data ahat.ys 'be avai'...able. on t.rattic volumes and 
u&e::! 1.n this prQcadura, Rarely ..,ill o:r.isslon o.t trattlc volume ba 
just.Hied.. 

The axchangaabilit.y a.611.ur:iptlon tor t.ha expected true accident 
:-ate hi extret11aly 1:q:::or-tant and si,;n1t'icant violation of this 
asi.u.optlon vlll produca arrona1.111 re&1.1lts and concluelcn5, 

i:ress 
'---------;a.ny key - next 11crl!en: ESC - main menu----------' 

! 
Lany 

Table 33. Screen 33. 

Do you ~BVl"I exposure data foC" t:he sites in youC" 
analysis -..r,,ic!'t will resu:...t ll"I satisl"yi:,q the 
e.xehangeability a.s!lu:i:pt.ion? 

Please enter: 

l - 'ial!I, I have exposure 

l - Ho, I do not. have exposure 

Press 
.key - next scre11n; P~Up - previous screen: ESC - m.ain cienu, ___ _, 

24 



Table 34. Screen 34. 

Do you have retez:cr,ce group da'.:a for the after 
per:lod to esti1:1ate the t.lcce trend? 

Please 11H1ke a sel<ectlon: 

2 - No 

Pree!! 
any key - next 9C["een1 PgUp - prevloue ecr,eenr £SC - m11ln manu,----o 

Table 35. Screen 35. 

Co you have cor.,pllrison gro:..p data for the after 
pac-lod to eatl1:1ate th@ time tC"end7 

Pll!IIBEI onter: 

l - YES 

2 - NO 

Press 
any key - naxt acreenJ Pgup - pravlo1.1,; sc:re@:ii ESC - 111a.ln 1toenu, ___ _, 

Table 36. Scn.-en 36. 

Your file 1:1uet be ln ASCII fcrrnat ar-d c:ont.i.l-, the follo..,ing data 
ite1C111 (allow at leeist one space b!!:tween entries): 

- Identi!icatlon (site nulll.bl!r, year:, county, etcj, 

- 1 .lt' before treatment period, 2 1! aftei: treat111ent pec-lod. 

- l lf treat1::111nt group, :I .lf rlilllenn·.ca group, J it' co;,-,psrh1on group, 

nul!lber of acc.ldoents (z;). 

- axposur-e. (t-rarrlc volume. section ~cngth, nur,bcr oC month9, oC" 
t~e pC"o~uct or !':lore thllln Cr!! exposure variable). f;Jo:;-,o,;;·Jrlil 
unlt5 IC!IJ' be CCl!.led t.o whatevec c'Jlmenslons desinl!d such 119 
AAD'T/10.000, mlle.s, etc. 

Pr-css 
any key - next eoreen1 PgL'p - preYlo•JS GCree:-11 ESC - main lJ'enu----' 
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Table 37. Screen 37. 

A. typical record woul.d boa: 

1 1 L 550 1234.56 

representing eita 1, a treatlllen.t site before trel!lttnent, vit.h 550 
accide.nt.s per year and 2214.56 average annual dally traffic. 

Press 
._ __ ...,,y lc.ey • n-..t acreen1 PgUp - previous screen: ESC - main men"_,.. ___ ,. 

Table 38. Screen 38. 

Please enter the naae or: your input file 

cri.bcbl 

Pleaae entar the name af your output t'ile 

out.crib 

.,_ ___________ IPrea• any key to continu-------------

Table 39. Screen 39. 

} ., J: f------T_r_•_•_ta_•n_t_E_v_•_1_~_:_~"-1Q_n_O_•_t_•_•t_•_•_t_• ______ :, 
. , ·.1 

" . ·." l. ~: .. ' J 
Fl Liat estimates for all site!!I by id 

n List esti.11ur.tes -ror top 20 sites by rate 
Fl Li!lt egtlmates ror top 20 sites by c:ount 
f'4 Llst global statistics only 
FS Quit 
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EBERT Method unlng both Comparison Croup and Reference Croup as 

Comparison Group with Ewpo9ure Data 

6UHKAJlY OF SAFETY TllEA.THEHT EVI\LUI\TIOII RESULTS 

In this study thern wer~ 20 trea~ment nlte~. 2D cc~pnrlecn oltea. 
and BO rete~•nce eltes. The total number o[ ~ccldr11ts ot tl1co~ oltna 
during thl ■ perlod ar• llated In tha OegcrJptlv~ 9totlr,tlcp Tobl~. 
Thi ■ tobl• al ■o llsta the maxlmu111 nnd Trtlnlmul'?I olte t1ccldent trequenclef"I', 
the total eNpoeuree, the rna•imum and minimum e~pooureo, arid the nccldent 
rate, i.e. aocident■ per unit expo ■ ure. 

Three ~ethoda were used to eatl~ft~e the tc~atmrnt effect: the 
EBEBT method uelng thn comparleon group (1( avallnblr.), the rcequontlst 
or eroaa pc-oduet ratio. and the EBE'ST method using th'! reference gc-oup 
in placa oft.ha comparison group, if available. 

U•ing the frequentlst method nnd the comparison group. tho expected 
number of accident& et the treatment nltes after is assumed to equal the 
number before, hamell, 111. There va~ a -57.28\ cl1anqe ln accidents 
uslnq thlR method wh ch la &tatlst1cally sl9nlrlcant at th~ 5, level of 
algnlficanca if -4.09 la gceater than 1.96 ln abGolute value. 

U&lng tht £BEST ~ethod and the cowparlson group, the expected 
number of accidents at the treatment sites after a~1usted for reg~esslon 
-to-the-mean is ,4.9. There wa5 a -44.06\ change ln aecider,t9 u9lng 
this method vhlch is statistically Gignlflcant at the 5\ level of 
■lgnlflcanco lt -3.38 ls greater than 1.96 ln absolute value. 

Using the frequentlet method and the reference group, the expected 
number ot accldent9 at the treatment aites after 1s assumed to equal the 
nu~ber before, namely, 111. Thete was a -14.6J1 change in accidents 
ueln9 thle •ethod which in etatlstically slgnlflcant at the 51 level of 
algnillcanca if -6.29 la greater than 1.96 ln abGolute value. 

Using the EBEST method and the reference group, the expected 
number of accldenta at the treatment sites after e~juste1 for regression 
-to-the-mean! ■ 64,9, There was B -$6.631 cl1ange In nccldents using 
thla method which ls atatlstlcally slqnlflcant ~t tl1e s\ )~vel of 
,lgnlflcance ll -4.86 la greater than 1.96 in absolute value. 

Tha fflethod you aelect to u~a depend~ opon g~ve~al thtn~9 end If you 
are not awnra ot these loeueh you ,:hould revl-:?w th~ tut:orlaln in thln 
prog~am. Bnalcally, to evaluate the nmount o[ rc1ce~slon-to-the-menn 
which may be preaent ln thls ~ate set. co~p~rc tl1c averag~ shrinkage in 
your datn aet, "a~ely, 0.95, to 1.0. If tl1ls ntimhcr l~ clog~ to 1.o, 
you have eubstantlal regreenion-to-tl1e-m~an a11d ~l1ould une 0110 of tl1e 
EBEST methods. It the average ahrinkage ls clo5e to z~ro 1 you do not 
have much of a regreasion-to-the-~ea~ proble~ and the three ~ethods 
should yield comparable results. 

the 
the 

Deciding between the £BEST method wlth the comparison group versus 
relerence group depends upon which data set you (c~L best re(lecta 
expected change in accident ■ over tl~e independent of eny treatment. 

The other etatlstlce on this output pertain to the EDEST estlm~ten 
for the pr:lor dJatrlbutJon parameters, muhat and rhat, the method of 
~omenta eatl~atea for these quantitle~ (HOM) vhlch were used ag starting 
value& far thn l!lnxlmum 1Jkel1hood solution, max and min obscryed 
frequenclea in the trentmant plug reference grovpg {z), everag@ 
exposures tor this group, (Avg(el), &Md th~ ratio of tl1e maxl~um to 
minJmum expoeurea for th19 group (ratio(e}J. The numb~r of ltecatlons 
required in th& maxlmura likelihood proeeduc-e ls also given. The 
eetimatee of treatment effect uglng the EBEST procedure with comparison 
group (trteEB), the !requentLGt method {trtet), the EBEST procedure using 
the reference grovp ttrte£Br) and their reapcctlve teat ■ tatletlce, tEB 
and tt ara also 1iated. 

A llatlng of h@fore trentment mite dnte lo tl1~n 7lven ord~red by nlte 
JO. The do,ta includaa the observed accldr?nt !reqvencleo, r., thn t')(f'.IOBUCB 
e, tho obaerv~d rnte, y-z/e, the ~otlmated true olte mean unlng EeEST, 
lhat, thA eatl~ated eccldent frequency uolng EDEST1 ~hat, tl1e el1rlnk~ge 
coetflcient. Bl, the difference between obeerv~d and expected eccidente, 
r.dlr, tha dlffflrl!nC8 bet1.1een obef!lrved end e)(pected TatC"l'l, yh"t, 'Jnd the 
upper and lower ,,1 confidence bounds about tl1e estlmat~d ttue site rate, 
LB and UB. If the observed rate, Y~ falls outside of this interval, it 
can be considered a ■ aignlflcantly different from the rate one would have 
expected at tbat site. Thie information can be uge[ul in !dentltylng hlgh 
hazard locetlone, I.e. eltea which are experiencing unusu8lly high numbers 
ot accidents. 

Figure 1. Safety treatment evaluation narrative computer output. 
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Table 40. Safety treatment evaluation descriptive statistics computer output. 

Group 

trt. 

trt. 

comp. 

comp. 

ref. 

ref. 

E8EST Method using both Comparison Group and Reference Group as 

Comparison Group with Exposure Data 

Descriptive Statistics 

Time No. of Total Max. Min. Total Max. Min. Rate 
period sites Freq. Freq. Freq. Exp. Exp. Exp. (freq/exp) 

before 20 111 7 4 280.5 24.6 10.2 0.3958 

after 20 35 4 0 280.5 24.6 10.2 0.1248 

before 20 55 8 0 281. 0 26.7 10.1 0.1957 

after 20 53 7 0 281. 0 26.7 10.1 0.1886 

before 80 181 4 0 1034,7 25.7 10,0 0.1749 

after 80 225 11 0 1034.7 25.7 10.0 0.2175 

28 



Table 41. Safety treatment evaluation detailed statistical results. 

EBEST Method using both Comparison Group and Reference Group as 

Comparison Group with Exposure Data 

Empirical Bayes Statistics 

Max(z) Min(z) Avg(e) ratio(e) 

7 0 13 .15 2.57 

mu(mom) r(mom) Avg(y) Var(y) 

0.2268 101. 34 7 0.2268 0.02026 

MuHat RHat Bavg No. Iter 

0.2224 228.980 0.946 7 

Expected After Accidents 

EB FREQ 

64.93 35 

Treatment effect and test statistic using comparison group 

trteEBc trtefc tEBc zfc 

-44.06 -67.28 -3.38 -4. 09 

Treatment effect and test statistic using Reference Group 

as a Comparison group 

trteEBr trtefr tEBr zfr 

-56.63 -74.63 -4.86 -6.29 
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id 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
ll 
12 
13 
14 
15 
16 
17 
18 
19 
20 

Table 42. Safety treatment evaluation data listing. 

EBEST Method using both Comparison Group and Reference Group as 

Comparison Group with Exposure Data 

EB statistics for all sites ordered by ID 

expo- exp. exp. diff. diff. 
count sure rate rate count Bi count rate LB UB 

4 13. 0 0.3072 0.2269 3. 0 0.95 1.05 0.08 0. 1790 0.2796 
4 10.2 0.3910 0.2296 2. 3 0.96 1. 65 0.16 0.1811 0.2828 
5 10.7 0.4686 0.2333 2.5 0.96 2.51 0.24 0.1845 0.2869 
5 18.0 0.2778 0.2264 4.1 0.93 0.92 0.05 0.1790 0.2784 
5 10.5 0.4757 0.2335 2.5 0.96 2.55 0.24 0.1846 0.2871 
5 24.6 0.2029 0.2205 5.4 0.90 -0.43 -0.02 0.1743 0.2711 
5 10.8 0. 4617 0.2332 2.5 0.95 2.47 0.23 0.1844 0.2867 
5 14.6 0,3429 0.2296 3.3 0.94 1.65 0.11 0.1815 0.2823 
5 14.8 0.3376 0.2294 3.4 o. 94 1.60 0.11 0.1814 0.2821 
5 12.6 0.3981 0.2315 2.9 0.95 2.09 0.17 0.1830 0.2847 
5 11.0 0.4525 0.2330 2.6 0.95 2.43 0.22 0.1842 0.2865 
5 19.4 0.2575 0.2251 4. 4 0.92 0.63 0.03 0.1780 0.2768 
6 11.7 0.5128 0.2365 2.8 0.95 3.23 0.28 0.1874 0.2903 
6 12.7 0.4710 0. 2 3 55 3.0 0.95 3.00 0.24 0.1866 0.2891 
6 12.2 0.4902 0.2360 2.9 0.95 3 .11 0.25 0.1870 0.2897 
7 13.2 0.5283 0.2391 3.2 0.95 3.83 0.29 0.1899 0.2930 
7 10.2 O·. 6890 0.2422 2.5 0. 96 4.54 0. 45 0.1923 0.2968 
7 13.7 0.5121 0.2387 3. 3 0.94 3.74 0.27 0.1896 0.2925 
7 14.2 0. 4923 0.2382 3. 4 0.94 3.61 0.25 0.1891 0.2919 
7 22.2 0.3157 0.2306 5.1 0.91 l. 89 0.09 0.1831 0.2826 
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