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FOREWORD 

This study was conducted by the Northwestern University Traffic Institute, Evanston, IL, under 
Federal Highway Administration (FHWA) contract no. DTFH6 l-9 l-C-0005 1, The report 
identifies, in detail, the issues and costs related to collecting and managing highway safety data 
and proposes ways to resolve them. 

Two related reports, completed under the same contract, are also available. One entitled 
Highway Safety Data: Costs, Quality, and Strategies for Improvement, Executive Summary 
(FHWA-RD-96-027) provides a summary of the costs and quality of highway safety data and the 
strategies to improve the data. The other, Highway Safety Data: Costs, Quality, and Strategies 
for Improvement, Final Report (F’HWA-RD-96- 192) provides details on data collection ’ 
methodologies and how to package them effectively to meet the needs of individual agencies. 

Copies of these reports will be available from the National Technical Information Service, 5285 
Port Royal Road, Springfield, VA 22 16 1. A limited number of copies will be available from the 
R&T Report Center, HRD-11, FHWA, 9701 Philadelphia Court, Unit Q, Lanham, MD 20706. 
The phone number for the R&T Report Center is (301) 577-0818. 

Director 
Office of Safety and Traflic 
Operations Research and Development 

NOTICE 

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 This report does not constitute a standard, specification, or regulation. 

The United States Government does not endorse products or manufacturers. Trade and 
manufacturers’ names appear in this report only because they are considered essential to the 
object of the document. 
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Executive Summary 

The goal of analyzing the collection and management of highway safety data was to identify 
issues and costs, and to propose means of resolving those issues and reducing the costs. This 
research report summarizes the findings and proposes strategies designed to improve both collec- 
tion and management of these data. It is a synthesis of numerous reports produced on various 
aspects of the research over the 3-year period of investigation. 

Initially, the research team addressed known elements of the highway safety system with empha- 
sis on collecting and storing relevant data. Concentration was on what the literature had de- 
scribed and what the States, local agencies, and researchers throughout the Nation were doing to 
improve the handling of safety data from the three largest sources: traffic crash, roadway inven- 
tory, and crash injury (emergency medical services and trauma). Early in the project, a decision 
had been made to limit the scope of investigation to collection and storage. Some review of uses 
for the data occurred, particularly as these uses affected how safety data were collected and 
maintained. However, a major investigation of uses and users remained outside the project 
scope. 

As part of the initial assessment, members of the team visited various sites throughout the 
country. During these visits the team viewed the processes involved in collecting, reporting, and 
managing data. They also timed police officers in an attempt to separate the times required to 
manage the traffic-crash scene from those needed to collect and report crash safety data. Al- 
though some discussions did involve the collection of emergency medical services and trauma 
data, the team discovered that the current state of work in this area was very limited. Little could 
be determined related to the costs and issues of handling these data. Therefore, this source is 
treated to a lesser extent in this report than issues and costs related to handling data from vehicu- 
lar crash and the roadway. 

‘Although the uses of highway safety data were not addressed in detail, major functions of use 
were summarized. This summary shows how these functions use the data related to: case man- 
agement, problem identification, countermeasure selection, program evaluation, and administra- 
tion. The elements of use are important in helping classify the issues and subsequent strategies 
for improvement. 

The visits to the sites also helped identify and classify issues. They identified exemplary prac- 
tices which later served as one basis for designing strategies for improvement. Additional 
information related to issues, particularly those of quality came from the review of literature. A 
total of 41 issues were listed which affected collecting, storing, and managing traffic crash, 
roadway inventory and medical data. 

Substantial attention is given to the issues related to quality. The literature has addressed these 
issues with emphasis on coverage and accuracy. Even without agencies reducing the number of 
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crashes investigated, there already exists serious problems with a failure to report many of the 
crashes that occur. Although most fatal crashes may be reported, more than 60 percent of those 
involving only property damage may be missed. This percentage is climbing as States increase 
thresholds for reporting, and agencies reduce the number of incidents in which they are willing to 
prepare a report. 

Accuracy of data is most critical in properly locating crashes to allow highway engineers to use 
the reports for improving design. However, review of reports submitted by some of the agencies 
visited during the course of the project showed that accuracy (and completeness) can have 
significant gaps. As a result, many of these reports may have limited value in their use for 
improving highway safety. 

A major thrust of the research was directed toward identifying the costs of collecting, reporting, 
and managing safety data. Because information was available or could be gathered relatively 
easily for handling traffic crash data, the development of a cost model was restricted to this’ 
source. The model was not extended to collection and management of data for roadway inven- 
tory or emergency medical services. In the case of the roadway inventory, much of the effort is 
undertaken for highway maintenance and construction. Distinguishing the aspects related solely 
to safety could not be performed easily. Additionally, only a small amount of the data collected 
in the roadway inventory applies to highway safety. 

Identifying costs for collecting and managing crash injury data faces the same problems as for 
roadway inventory. In addition, no mechanism is available for centralized handling of the data. 
Each source operates independently; gathering costs from even a sample of the sources would 
have been a prohibitive task. 

In order to measure the costs of collecting and reporting crash data, an attempt was made to 
measure the time required by those responsible for obtaining them. The team attempted to time 
the work of police officers at the scene. Because few crashes could be observed, several agencies 
also provided time on a self-reporting form. From these data, the research team was able to 
generate an estimate of time which they believed represented at least the minimal amount. Using 
the estimates provide a basis for estimating the costs of collecting and reporting data. Added 
were costs of their management. These latter costs came from budgets provided by agencies 
which the team visited. 

All three processes, collecting, reporting, and managing crash data are estimated to cost 19.20 
dollars per crash report filed. Using the times gathered along with estimates of changes in 
activity based upon the severity of a crash and the number of vehicles involved, the report is able 
to estimate a range of costs by severity of the crash, number of vehicles involved, and region of 
the country. These ranges were found to be significantly less than those estimated by others. 

In order to help evaluate strategies for improving the process of handling the data, the report 
defines a set of goals and objectives, along with principles which govern implementation of the 
strategies. Five goals and sub-goals are presented: 
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1, Minimize costs collecting and managing the data; 

2. Maximize the safety in collecting the data, 
a. maximize effectiveness of the operation at the scene; 
b. Minimize the exposure of involved parties; 

3. Minimize effects on the organization; 

4. Maximize quality of the data for users, and 

5. Maximize suitability of the data for the users. 

Established for each of the goals and sub-goals are objectives along with measures of effec- 
‘tiveness. A set of principles also was identified. These prescribe expectations affecting the 
system, persons who work in the system, and data from the system. 

As a prelude to identifying strategies, the report describes practices currently undertaken by 
states and local agencies which attempt to resolve various issues. Many of the practices are 
unique and have proven effective, although few have been evaluated formally. 

Finally, the research team identified 23 strategies which were capable of being introduced 
without requiring substantial additional effort. Each of these strategies was evaluated as it 
related to meeting the goals and objectives, and to reducing costs of operation. Effort was made 
to limit strategies to those which were non-technological in nature, particularly as they applied to 
collecting and managing highway crash data; however, technologies were considered where 
appropriate. The description and evaluation of strategies displays 11 strategies which should 
reduce the costs of collecting and managing crash data; nine are considered to have a relatively 
high cost-effectiveness. For the roadway inventory, three strategies were considered to have 
relatively high cost-effectiveness. These strategies were technical in nature. Seven strategies, 
also technical in nature, were recommended for collecting and managing emergency medical 
data., 

Finally, the report concludes with discussion of how strategies may be grouped and introduced as 
a package. In many cases, strategies do not stand alone; they can be combined and introduced as 
a group. Regardless of the method used for introduction, many of the strategies are considered 
important enough to be implemented now. Even though some are technical in nature, their appli- 
cation is possible in the current environment and their costs are reasonable. All of the recom- 
mended strategies will provide both short- and long-term benefits. 
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Highway Safety Data: 
Costs, Quality, and Strategies for Improvement 

Research Report 

1. Introduction 

. 
Scone of the Prolea 

The analysis of highway-safety data addressed issues related to collecting and storing these data 
along with strategies to address the issues. Four objectives guided this analysis: 

1. 

2. 

3. 

4. 

Determine the costs currently associated with collecting and managing highway-safety 
data with emphasis on traffic crash reporting. 

Determine the quality of data collected for three sources: traffic crashes, roadway inven- 
tory, and emergency medical services provided to crash victims. 

Identify issues which affect the collection, storage, and use of data from the three sources. 
s 

Recommend strategies for reducing costs, improving quality, and resolving other issues 
which affect the collection, management, and subsequent use of the data. 

Three key data sources, crash, roadway-inventory, and medical files, are used by the safety 
cornrnunity to help select countermeasures, and to serve as a basis for evaluation of safety 
programs and applications. The data form an integral part of the safety management system 
(SMS) concept commissioned in the Intermodal Surface Transportation Efficiency Act (ISTEA). 
SMS provides assistance in making cost-effective decisions. 

The research team focused upon collection and management of the data. How users employed 
the data were outside the scope of the project except as how users might affect collection and 
management of those data. 

This document provides a summary of the research methods used. It describes what the research 
team learned and provides descriptions of strategies which will provide a better product. In- 
cluded in the activities were the following: 

l Initially defining the problem based on the literature and contacts with State highway- 
safety personnel to determine what individual States had been doing. 

l Designing methods to collect additional information particularly through visits to various 
agencies selected because of practices which appeared noteworthy. 

l Developing a cost model. 
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l Identifying users and uses of highway-safety data. 
l Identifying issues associated with the use of data and a set of strategies designed to ad- 

dress these issues. 
l Assessing the strategies to establish relative cost-effectiveness. 

The last two activities relate to strategies which provide the guidelines for improving the high- 
way-safety system. I.mpiementation will be of value to the managers of the systems. 

The Hmav-Sarfetv System 

Managers of the highway system will use an information system which supports managerial 
activities and decision making. The decisions can be divided into four primary areas: 

1. Problem identification. 
2. Countermeasure selection. 
‘3. Program implementation and operation. 
4. Effectiveness evaluation. 

The manager selects guidelines, policies, programs, etc. to improve the operation of the highway 
system. While some of these are directed at the highway-management system itself, most . 
become inputs to the highway system, which in turn produce mobility, risk, and other socioeco- 
nomic impacts. 

The focus of this project is the safety-information system which assists decision makers. Safety 
data are collected, in part, because of the desire to provide decision makers with information 
regarding past conditions in the highway system. Because the purpose of the information is to 
support decision-making, those data should be selected and defined specifically to serve that 
purpose. 

Data regarding traffic crashes also are collected and processed for use by the social system for 
related activities, e.g., criminal- and civil-court actions, and for other administrative needs 
remotely connected to highway-safety functions. Because the scope of this project is intended to 
include only data required for safety analyses, a careful definition is provided for elements to be 
included within the rubric of safety data. 

av-Safetv Da& 

Safety data for highway crashes derives primarily from police crash reports. However, a number 
of other agencies or individuals obtain or provide safety data in the course of performing func- 
tions not directed toward the four areas of activity listed above. These occur at four levels within 
the system; Federal, State, .loca.l, and private. The prime sources are shown in table 1. With the 
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exception of traffic law enforcement, a preponderance of the data available is used for purposes 
other than highway safety. 

Addressing all of the sources identified in the table 
is not feasible. The primary focus selected for the 
project was the police crash report (PCR) produced 
by traffic law enforcement. However, the use of 
roadway-inventory data from engineering also was 
selected to be addressed, with emphasis on road 
attributes. Finally, medical sources were considered, 
where feasible, primarily to evaluate them for acqui- 
sition of data on injury severity and driver condition 
prior to the crash. 

The crash report is used for two primary purposes: 

Table 1 
Sources of Highway-Safety Data 

1. Traffic law enforcement (TLE); 
2. Engineering; 
3. Medical; 
4. Motor vehicle administration (MVA) 
5. Automobile insurance industry; 
6. Adjudication; 
7. Education; 
8. Highway-safety agencies; 
9. Involved persons; and 
10. Involved private companies/agencies. 

1. Ease management. 
2. Safety analyses. 

Case management involves use of the PCR for dealing with the individual occurrence, as may be 9 
required for law enforcement, adjudication, sanction and insurance purposes. It may also include 
uses by governmental agencies for such things as rectifying government-property damage, or 
ensuring financial responsibility. These uses are often considered the primary reason that law- 
enforcement personnel are used to investigate crashes. Some of the objectives of case manage- 
ment include creating a safer highway. However, they do not specifically relate to highway- 
safety analyses. 

In general, safety analyses are performed on sets of records from PCR’s, or aggregations derived 
from sets of PCR’s. Safety analyses may address individual crash reports, but this is usually in 
the context of trying to establish underlying patterns. Examples of data that are useful for safety 
analyses include the driver’s intended maneuver, the location of the crash, the manner of colli- 
sion,‘and the contributing circumstances. 

Differentiation between the two functions of the data when costs are estimated for collection and 
management is important. The costs associated with cask management should not be assigned to 
safety-data collection and management. Where the same data are used for both purposes, a 
logical rule is needed for handling the associated costs. This is discussed further under the 
section on cost. 

Because the agencies listed in table 1 (with the exception of the highway-safety agencies) are 
collecting the data of interest for principal reasons other than safety analysis, the costs associated 
with them are not to be considered safety-data costs. That is, the costs experienced by these 
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other agencies in collecting their data would be experienced whether or not the safety analyses 
were being performed. However, if the data from these sources are to be used in safety-data 
analyses, the cost of acquiring those data from the alternative sources should be included in cost 
estimates. 

Orvania;pltion of the ReDo@ 

This report contains 8 chapters. The next chapter identifies processes employed for collecting 
and analyzing data for the project. Chapter 3 addresses uses and users of highway-safety data. 
Collection and analysis of safety-data are described in the fourth chapter. Costs of collecting 
these data form the basis for chapter 5. Goals, issues, and noteworthy practices appear in chapter 
6. The seventh chapter presents strategies and analysis of their cost-effectiveness and ties 
together the previous discussion. Finally, chapter 8 provides a summary of the report. 
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2. Processes Employed to Collect and Analyze Data for the Study 

Initial Work 

The study set out to determine what was known related to costs and quality of highway-safety 
data, then to fill key gaps in the knowledge. For this purpose, initial work was based upon: 

1. Literature reviews. 
2. Responses received from an initial inquiry to the Governor’s Highway Safety Represen- 

tative of each State. 
3. Pilot studies conducted in one State. 
4. Previous knowledge of the project team. 

As a result, the team discovered a large body of knowledge regarding the functions and issues 
related to the collection and management of crash data, but limited published material regarding 
the other two sources, roadway-inventory and emergency medical services data. The literature 
describing costs of obtaining and managing traffic-safety data was almost non-existent. The 
initial work produced: 

1. A synthesis of the literature. 
2. A plan for field data-collection. 
3. A framework for analyses. 
4. Preliminary models for estimating the cost of collection and management of crash data. 

Data Collection 

Selection of Sites for Visiting 

An integral part of the project tias visiting traffic-safety agencies in several States to document 
processes and issues related to crash data, roadway inventory, and emergency medical services 
(EMS) and medical (trauma) data management. Sites selected were considered representative of 
the Nation. Selection was based upon: 

1. The response to the initial letter of inquiry sent to each State. 
2. Specific attributes of interest regarding the safety-data systems in each State. 
3. Geographic distribution. 
4. The existence of urban centers in the State with major highway-safety system operations. 
5. Opportunity for scheduling some visits in the course of other project-team travel. 

. 
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A letter was sent to the safety-data agency director in each State, This letter requested informa- 

tion about their processing of safety reports, copies of crash reports and manuals 
associated with them, and contacts for safety-data reporting, roadway-inventory, and medical 
data. Thirty six States responded. Even though they had not responded to the initial survey, the 
States of Michigan, New Mexico, and Utah were added because they maintained exemplary 
practices which the project team believed should be studied, or they were members of the 
Highway Safety Information System (HSIS) operated by the U.S. Department of Transportation, 
Federal Highway Administration (FHWA). 

From a matrix of attributes about each State, deci- 
sions were made as to what sites should be visited. 
Data about attributes were obtained through tele- 
phone interviews of safety-data base managers or 
State traffic engineers. Supplementing the interviews 
was information gathered from a number of sources 
including personal contacts. The States also were or- 
ganized by region - northeast, south, north central, 
and west. The list of States selected as sites appears 
as table 2. 

Table 2 
List of States Selected for Visits 

New Jersey Michigan 
Pennsylvania Wisconsin 
Virginia Illinois 
Florida Utah 
Ohio California 

Characteristics of the selected States appear in table 3 (on the following pages). States A, B, G, 
I, and J served as primary ones. The work done at secondary sites was a sub-set of the compre- 
hensive package. Most often, the work at secondary sites focussed upon documenting the cost 
and procedure for managing PCR data. At the five primary sites the research team performed a 
comprehensive set of activities, including: 

1. Direct measurement of police officer’s PCR completion-time. 
2. Documentation of PCR data-management costs and procedures. 
3. Documentation of roadway-inventory data collection and management procedures. 
4. Documentation of medical data collection and management procedures. 
5. Conduct of focus groups with users of highway-safety data, regarding uses of the data. 
6; Documentation of noteworthy practices. 
7. Acquisition of selected crash-reports and crash-files for further assessment. 

The results of the visits are summarized in several reports, the most comprehensive of which 
contained a review of safety-data management, roadway inventory, costs, and exemplary prac- 
tices, This was the State Data Book submitted separately to the FHWA with a copy also main- 
tained at the Transportation Library, Northwestern University. 

PCR Completion-Time 

Limited data available in the literature regarding the time that a police officer, or other type of 
data collector, spent at traffic-crash scene, and how much of that time was spent upon safety-data 
collection. The project team devised a simple form to measure time an officer spent in safety- 
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data collection along with other activities at a crash scene. Direct measurement confirmed an 
anticipated low productivity for obtaining direct measures of PCR completion-times. Therefore, 
the team devised a self-reporting instrument for officers to complete for the project. While this 
approach had less validity than direct measurement, the potential sample sizes and cost-effective- 
ness was considered superior. Adjustment of self-reporting by officers to account for inaccura- 
cies, by relating it to direct observations, proved more difficult than anticipated. 

Data-Management Costs and Procedures 

Similar procedures were used to document data-collection and management procedures for 
PCR’s, roadway inventories, and medical sources. In each case principal managers of the, data at 
the State level were interviewed regarding the process. Representatives from local agencies, 
which represented data collectors, also were interviewed. Furthermore, in the case of PCR man- 
agement, the interviewees were asked to provide as detailed a set of information as feasible 
regarding the costs associated with the operation. In many cases, more than one State agency 
was involved in managing PCR data. In such cases, each agency’s representative(s) was inter- 
viewed. In almost every case, the project team observed the process, as well as collecting 
manuals, diagrams, and other materials which documented the procedures in more detail than 
could be derived from the interview. 

Conduct of Focus .Groups with Users 

During visits to primary State-sites, at least one focus group session was held with users of 
highway-safety data. The groups averaged about five users, some had twice the average, 
Although the selection of users was left to the ultimate judgement and willingness of the local 
host, the groups were generally well rounded with local and State users from a variety of disci- 
plines, and even participation of representatives of a few private groups. The group first was 
asked to describe their agency’s functions and what safety analyses they performed. One of the 
project team members serving as moderator, selected several examples of safety analyses and 
requested members of the group describe how the prepared and used the analyses in detail. The 
group also was asked to comment on the quality of the data, using a set of definitions for quality 
that were provided by the group leader. Finally, they were asked to describe any analyses they 
were unable to do because of lack of data, or accessibility to the data. The summaries of these 
sessions provide insights for the assessment of data quality, and was used for identifying issues 
and designing strategies. 

Documentation of Noteworthy Practices 

During the course of interviews and focus-group sessions, as the team members identified some 
practice being used that was considered unique or exemplary, they would pursue documentation 
of it. A general framework was developed for the interviewer to follow, but the interviewees 
were given complete latitude to describe the practice in a manner they saw fit. 
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Table 3 
Attributes of State Systems Studied 

States Selected 

Attribute A B C D E F G H I J 

Total Crashes Procsd. 137,822 122,887 50,660 113,913 356,458 280,258’ 364,848* 4 10,980 196,176 49 1,000 

Fatal Crashes 579 760 269 1,385 1,303 966 1,290 1,249 2.218 3,707 

Injury Crases 40,792 50,865 22,490 86,3 10 119,509 98,5 12 97,478 103,246 125,338 215,000 

P.rpty. Damage Only 96,450 7 1,262 27,901 46,218 235,646 180,780 265,130 306,485 68,620 272,000 

Reporting Threshold $500 $1000 $750 Injury or $150 $500 $400 $300 Injury and $500 
tow3 fatal4 

Single Form Used? Yes Yes Yes Yes Yes Yes Yes Yes5 Yes No 

Motorist Report? No No No Yes (rarely No No NO Yes No No 
used) 

Short Form? No No No No No No No Yes Yes No 

Type of Form Traditional6 Template Template Traditional Traditional Traditional OMR Template Traditional Traditional 
& Computer 

based 

Principal Agency Transporta- Motor Public Transport- Highway Transport- State Transpor- Highway Highway 
Managing tion Vehicles Safety,’ ation Safety ation’ Police tation Safety Patrol 

Transptn. 

Other Agencies none State Po- (see none none Motor none Secretary Transporta- Motor 
Managing lice above) Vehicle of State, tion, Vehicles, 

(commer- Services, State Health & Transporta- 
cial vehi- Highway Police Rehabilitive tion 

cles) Safety Services 

Manner of Data Entry One-step - Two steps One-step - Two steps Two steps One-step - One-step One-step - One-step - One-step - 
full entry - skele- full entry - skeleton, - skeleton, full entry - scan full entry full entry full entry 

ton, full full entry full entry then 
entry keyed 



Acquisition of Selected Crash Reports 

During the course of the interview with the primary manager of PCR data, a request was 
made that the project be provided with copies of between 25 and 50 crash reports as they 
existed prior to any handling. In addition, a printed copy of the records created from the 
selected set of crash reports was requested. The selection of the set of crash reports was 
left to the agency, to avoid creating undue burden by imposing a randomized process. The 
agency knew, however, that the purpose of the request was so that the project team could 
analyze the quality of the original PCR and the degree to which the management process 
improved the quality. Review of reports received suggested that agencies selected reports 
from a recently arrived batch without any further selectivity applied; therefore, the sample 
appeared to be representative of that agency’s handling of crash reports in general. ’ 

Interviews of Managers of Federal Data Bases 

The cost and quality of highway-safety data bases cannot be fully addressed without 
considering the files operated by Federal agencies. Seven were chosen as the most relevant 
to this project. The manager of each was interviewed regarding data collection and 
management of the systems, as well as associated. The managers also provided materials 
about their respective data bases. s 

A series of analyses were performed on the data collected during the site visits, as well as 
that acquired from other sources. These include: 

1. Tabulation and development of descriptive statistics for PCR-completion times. 

2. Derivation of total and unit costs for PCR data-management. . 

3. Assessment of crash-report data quality by analyzing copies of PCR’s as submitted 
by law enforcement agencies, and comparing them with the final data base record 
created from each PCR. 

4. Derivation of estimates of national frequencies of highway crashes, by type, using 
the General Estimates System (GES), maintained by NHTSA. 

5. Derivation of estimates of average law-enforcement personnel rates, using a data 
base available through the Law Enforcement Management and Administration 
Statistics (LEMAS) data base, maintained by the Bureau of Justice Statistics of the 
U.S. Department of Justice. 

6. Summary of costs and attributes of the selected Federal data bases. 
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Table 3 
Attributes of State Systems Studied (continued) 

F 

States Selected 

D 

Pre-edit, 
Online, 
Batch 

Maximum 
degree of 
interpreta- 

tion 

E 

Pre-edit, 
Online, 
Batch 

Reliance 
on officer 

coding 

Manual, 
Batch 

Reliance 
on officer 

coding 

Automated Automated Manual 
(tape (prison 

transfer) system) 

Relational Relational 

Veh & DL, Tape 
Rdwy in- transfer 
ventory 

$8.50 $7.04 

Flat file’ 

none 

$7.10 

- 

L 

B I C Attribute I A G H 

Online, 
Batch 

Online, 
Batch 

Online, 
Batch 

Online Manner of Editing Online, 
Batch 

Manner of Crash-Data 
Coding 

Reliance on 
officer 
coding 

Reliance 
on officer 

coding 

Reliance 
on officer 

coding 

Reliance 
on officer 

coding 

Manual 

Flat file 

Reliance 
on 

officer 
coding 

Auto- 
mated 

Flat file 

Reliance on 
officer 
coding 

Manual 

Moderate 
degree of 
interpreta- 

tion 

Manual 

Flat file Flat file 

Manner of Location 
Coding 

Manual 
(prison 
system) 

Tme of Database I Relational 

none DB Linkages Used for 
Data Entry 

Veh & DL, 
EMS 

(planned) 

Roadway 
inventory 

none 

$9.50 
I 

$20.10 $2.40 Data Mgmt Cost per 
PCR per Year 

* 

$6.30 

latest available statistics are for 198 

$2.40 

2 1991 data 

’ tow is required because of crash dsu 

4 accepts police report of PDO on short form, but not motorist’s 

’ slight variation of form for one city 

6 changing to optical mark recognition in 1994 

’ both the Departments of Public Safety and Transportation maintain crash safety data bases; Public Safety codes data first and concentrates on driver and vehicle data 
primarily for financial responsibility purposes 

* all reports go to Division of Motor Vehicles first; then are distributed 

9 changing to relational 



The voluminous notes and materials collected for the project have been synthesized to a 
great extent into a set of summary materials. These were distributed to the FHWA as a site 
data book.’ 

’ A copy also is available at the Northwestern University Transportation Library. 
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3. Uses and Users of Highway-Safety Data and 

Issues Affecting the Uses 

A Framework for Users and Uses 

A variety of public and private entities use or potentially would use highway-safety data if 
it were available in a convenient form. 
Each of these entities has a set of 
objectives, To achieve the objectives, the 
people in the entity require information 
and carry out activities based on the 
information derived from the data. The 
hierarchy of organizing information is 
shown in figure 1. 

pF-j 

established for and by 

p+q 

which meet 

As an example, the objectives of a state 
department of transportation include the 
design of safe highways. The highway 
engineering function, i.e., planning, 
design, construction, operation and 
maintenance of highways is required to 
achieve this objective. The activities 
include the development of design 
standards that reflect safety considerations. 
To arrive at those safe standards requires 
information on the relative safety of 
different highway geometics. That 
information is generated by combining 
crash and roadway data With other data, 
and performing the appropriate statistical 

I FUNCTIONS 

A 
which are conducted to perform 

ACTIVITIES 

used to make decisions regarding 

: 

I INFORMATION 
I I , 

4 
assembled to provide 

I DATA 
I 

Figure 1 
Flow of Information to Users 

analyses. 

Affecting the users and uses are issues 
related to collecting and managing data 
from the three sources: police crash report, roadway-inventory, and crash injury reporting. 
During site visits and resulting from discussions with collectors, managers, and users of the 
data, the project team identified a number of important issues. These issues are addressed 
at the end of this chapter. Chapter 6 identifies noteworthy practices that have been taken at 
State and local levels to help address many of the issues. 

Highway Safety Data: Costs, Quality, and Strategies for Improvement - The Traffhz Institute 
12 



Traffic-Safety Data Uses 

Listed in table 4 are the functions that the highway-safety data users perform which are 
likely to require the use of safety data. This list is not exhaustive, and the entities’ reliance 
on safety data for their functions ranges from minimal to extensive. The activities which 
are conducted by these data users can be grouped into five basic types, as they relate to the 
use of traffic-safety data: 

Table 4 
Users and Uses of Highway-Safety Data 

Data User 

Law Enforcement Agencies 

Traffic Safety Administration 

Highway and Public Works 
Departments 

Motor Vehicle Administrators 

Medical Providers (EMS 
Systems/Hospitals) 

Adjudication System 

Legislators/Regulators 

Insurers 

Schools (Public and Private) 

Commercial Road Users 

Vehicle Manufacturers 

Independent Research 

Other Interest Groups 

Functions of this User 

Enforcement of traffic laws (at all levels of government); 

Developing annual highway-safety plans including program funding; 

Planning, design, construction, operation and maintenance of highways; 

Licensing, registration and control of drivers and vehicles for highway use; 

Management and treatment of highway trauma including emergency response and * 
plans for patient receipt; 

Administration of law to highway operation; 

Enactment of laws and regulations to develop and control the highway system; 

Provision of insurance for road users; 

Training highway users; 

Commercial transport of goods, and public transport of people; 

Design, manufacture and repair of vehicles; and 

Examine causes of, and potential remedies for, crashes but not as a part of other 
entities here. 

Representation of special interests related to highway safety (Natiohal Safety Council, 
American Automobile Association, Motor Vehicle Manufacturers Association, 
Mothers Against Drunk Driving). 

1. Case Management - The handling of individuals, vehicles, and other property 
associated with a single crash. 

2. Problem Identification - Using safety information to determine the existence and 
nature of safety-related problems. 

3. Countermeasure Selection - Using safety information to guide choices actions. 
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4. Program Evaluation - Using safety information as part of the information set to 
determine the effectiveness of an action or program. 

5. Administrative - Using safety information to support planning and operational 
decisions of the entity. 

Activities for Which Highway-Safety Data Are Potentially Useful 

Combining the functions for highway-safety data users and related types of activities 
provides more specific examples of what occurs within each of the entities. Table 5 
summarizes uses. Again, the focus is on any use of safety data rather than on the extent of 
that use. Quantifying use is difficult; further functions of the various entities frequently 
overlap or are otherwise replicated at different levels of government. 

Not all entities will conduct all activities in performing various functions nor will different 
entities conduct similar activities even though they may be performing the same function. 
In general, the safety-management, legislative, and research functions may carry out 
activities which address any aspect of other functions. 

Project Scope 

This project focused upon the middle three activities described above: problem 
identification, countermeasure selection, and program evaluation. Case management and 
administrative activities, while arguably related to safety analyses are addressed minimally. 
The scope also was limited to the data collection and management aspects of the process. 
Additionally, this project has focused upon three data sources out of the many which can 
provide data related to safety needs: 

1. The crash report, produced primarily by law enforcement agencies, 

2. Roadway inventories produced primarily by highway engineering agencies. 

3. Medical crash data produced primarily within the trauma care system (limited to 
driver condition prior to the crash, and severity of injuries resulting from the crash). 

Examples of Data Uses 

During the site visits conducted as part of this project, a variety of uses and users of 
highway-safety data were discussed and observed. Users represented most of the entities 
listed above. Uses relied upon data from the three primary data sources listed. 
The number of potential uses of highway-safety data is quite large along with the number 
of data user types. This project addressed how innovative approaches to the collection and 
processing of highway-safety data facilitated use of the data. It would be very difficult to 
assess how even a single new collection or processing strategy would affect all uses and 
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users of the data. When a set of such strategies is considered, assessing them across all 
uses is clearly not possible. Instead, a set of scenarios was developed as described in 
chapter 7 of this report. Evaluation of the strategies was based on these scenarios. 
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Table 5 
Use of Highway-Safety Data: Functions and Activities 

Function Case Management Problem Identification Countermeasure Selection Program Evaluation Administrative 

Enforcement of 
Traflic Laws 

a. Track prosecution of 
ViolfUOrS. 

b. Perform crash analysis and 
reconstruction. 

c. Provide court liaison and 
testimony. 

a. Analyze attributes of crashes 
and violators (for selective 
enforcement). 

b. Identity problem drivers, 
locations, environments, 
laws and regulations. 

Choose from among alternative 
selective enforcement, trafllc 
direction and control, public 
information, education, 
emergency medical service and/or 
escort programs and legislative or 
regulatory actions to impact 
suspected problems. 

Determine 
appropriateness of 
terminating, modifying, 
or expanding existing 
programs. 

a. Staff Resource Allocation - 
Determine the amount and 
schedule of personnel to 
perform duties and carry 
out programs. 

b. Implement selected 
programs. 

d. Request driver re-evahtations c. Support tort liability 
to propose license defense. 
cancellations or revocations. 

Administration of 
Highway Safety 
Programs 

Analyze attributes of crashes and 
violators, and identify problem 
vehicles, drivers, locations, 
highway features, laws and 
regulations. 

Evaluate and/or select among 
administrative, highway 
engineering, enforcement, public 
information and education, 
medical, legislative, regulative 
and/or vehicle design strategies to 
correct suspected problems. 

Determine 
appropriateness of adding, 
terminating, modifying 
and/or expanding existing 
programs. 

. 

Planning, Design, 
Construction, 
Operation and 
Maintenance of 
Highways 

a. Identify high-hazard Evaluate and select among Evaluate the safety impact of Support defense of tort liability 
locations. proposed alternative engineering changes in standards and actions. 

actions, including alternative practices, as well as recently 
b. Determine needs for facility and network designs. implemented highway facilities 

engineering a&ion at specific and controls. 
locations (spots, segments and 
areas). 

Licensing, 
Registration and 
Control of Drivers 
and Vehicles 

a Provide driver and vehicle 
data to legal system. 

b. Conduct Hearings (where 
authorized). 

c. Examine and license drivers 
(e.g., use of “point” systems 
for violations and crashes). 

d. Assure financial 
responsibility. 

Identity problem drivers (by 
attributes such as age, area of 
residence, type of vehicle driven, 
etc.). 

Evaluate and select among 
alternative driver control and 
improvement actions (e.g., 
warnings, training, suspended 
license, revoked license, 
alternative samtions), legislative 
and regulatory changes, 
enforcement activities and/or 
public information and education 
programs. 

Evaluate the effectiveness 
of programs undertaken to 
determine if they should 
be modified, extended, or 
terminated. 

e. Track prosecutions. 

f. Provide court liaison and 
testimony. 



Table 5 
IJse of Highway-Safety Data: Functions and Activities (continued) 

Function Case Management Problem Identification Countermeasure Selection Program Evaluation Administrative 

Management and 
Treatment of 
Highway Trauma 

Evaluation and treatment of 
injuries to persons involved in 
trafiic crashes, relating crash 
specifics to injury specifics. 

a. Identify emergency response Identify and evaluate alternative Evaluate the effectiveness 
and trauma care system means for overcoming identified of programs undertaken, 
inadequacies and/or failures problems. to determine if they 
(e.g., response time, quality should be modified, 
of diagnosis, quality of extended, or terminated. 
treatment, effectiveness of 
treatment, number of 
personnel, type and amount 
of facilities, and amount of 
associated costs). 

b. Identify vehicle, highway 
and human attributes which 
contribute to severity of 
injury, and degree of 
rehabilitation required. 

Administration of 
Law Applied to 
Highway 
Operation 

Track and manage prosecutions 
and dispositions, as well as 
establish sanctions. 

Evaluate operations and monitor 
performance ofjudiciary and 
other officers of the court. 

Identify and evaluate actions to Evaluate the eff‘ectiveness Employ and schedule personnel 
overcome identified problems of programs undertaken, and provide facilities to process 
(e.g., alternative sanctions, to determine if they cases in an efficient and just 
administrative adjudication, should be modified, manner. 
judicial and/or attorney training). extended, or terminated. 

Enactment of 
Laws and 
Regulations to 
Develop and 
Control the 
Highway System 

Identify policies, programs, 
regulations, legislation, funding 
levels, vehicles, and elements of 
the highway system which 
present hazards to the motoring 
public. 

Identify and evaluate legislative 
and regulatory strategies to 
overcome the identified problems. 

Evaluate the effectiveness 
of legislative or 
regulatory actions to 
determine if they should 
be modified, terminated, 
or maintained. 

Provision of 
Insurance for 
Highway Users 

Claims settlement and legal 
defense. 

Identity vehicular and highway 
system problems which result in 
claims being tiled, as well as 
identifying problem drivers. 

Identity and evaluate alternative 
means for reducing claims 
frequency and amounts. 

Evaluate the effectiveness 
of programs undertaken, 
to determine if they 
should be modified, 
extended, or terminated. 

Perform actuarial functions. 



Table 5 
Use of Highway-Safety Data: Functions and Activities (continued) 

Function Case Management Problem Identification Countermeasure Selection Program Evaluation Administrative 

fraining Highway 
Users 

Identify patterns of driver 
attributes particularly associated 
with crashes. 

Identify and evaluate alternative 
training content and methods to 
affect driver, pedestrian and 
bicyclist attributes. The focus will 
be on those attributes associated 
with crashes which, when 
corrected, have potential for 
reduction of crash frequency and 
severity. 

a. Assess the 
effectiveness of 
driver training 
programs in 
enhancing highway 
safety. 

b. Evaluate the 
effectiveness of 
public information 
and education 
activities conducted 
in the school system. 

Transport of 
Goods and Public 
Tmnsport of 
People 

Claims settlement and legal 
defense. 

Identification by fleet managers 
(e.g., of large trucking firms, 
transit agencies, taxicab 
companies) of vehicular and 
driver problems which contribute 
to crashes and/or increase injury 
severity. 

Identification and evaluation of 
fleet managers of alternative 
means of reducing crash 
frequency, severity and costs. 

Evaluation by fleet 
managers of the 
effectiveness of programs 
undertaken, to determine 
if they should be 
modified, extended, or 
terminated. 

Assess actual and potential 
liability for fleet. 

Design 
Manufacture and 
Repair of Vehicles 

Claims settlement and legal 
defense. 

Identify vehicular problems 
which contribute to crashes 
and/or increase injury severity. 

Identify and evaluate alternative 
vehicle design, manufacturing 
and/or repair actions for reducing 
crash frequency, severity and 
COStS. 

Evaluate the effectiveness Assess actual and potential 
of designs, practices and liability for design and 
programs undertaken to manufacturing. 
determine if they should 
be modified, extended, or 
terminated. 

Independent 
Research 

While much highway safety research takes place either within the other entities described above, or under contract to them, there is additional research conducted outside of the 
highway safety management system. Much of this research takes place at colleges and universities. Often the purpose of this research is to test a hypothesis and not necessarily 
to support management decisions. As such, the activities of this kind of research do not fit into the “case management, problem identification, etc.” structure since the research is 
not necessarily oriented to a specific fimction. 

Representation of 
Other Interests 
Related to 
Highway Safety 

Public and private interest groups exist for almost every aspect of highway safety. With regard to safety data, they may be considered similar to the highway safety managemcn~ 
function. Current areas of emphasis for these groups include DUI, occupant restraint use, records systems, and vehicle design. 



A Taxonomy of Safety Data 

Police crash reports. To facilitate discussion and analyze the nature of the data that are 
applicable to safety analyses, a taxonomy of data was created for the crash report which is 
usually completed by investigating police officers. This appears as table 6. 

Table 6 
Taxonomy of Traffic-Crash Data: 

Categories and Types 

DATA 
CATEGORY 

I 
DATA 2 
TYPE 3 

4 
5 
6 
7 
8 

INVOLVED 
PERSONS 

Identifiers 
Injury 
Condition 
Tests 
Treatment 
Attributes 

INVOLVED 
TRAFFIC 

UNITS 

Identifiers 
Damage 
Condition 
Disposition 
Maneuver 
Attributes 

ENVIRONMENT 

Road Attributes 
Weather 
Visibility 
Damage 
Traffic Control 

D IE 

GENERAL 
CRASH 

DESCRIPTION 

ADMINISTRATIVE 

Location 
Date/Time 
Collision Type 
Facts 
Accident Type 

Report No. 
Jurisdiction 
Agency 
Collector Id. 
Investigation 
Enforcement 
Processing 
Medical 

Many data elements are collected about a traffic crash as a basis for both case management and 
safety analyses. For example, the police crash report (PCR) contains information regarding 
personal identifiers, vehicle identifiers, and agency identifiers which are needed to provide: 

l Insurance companies with information about the parties and vehicles involved. 
l Courts with similar information. 
l Law enforcement administrators with operational data. 
l Linkages with other relevant data bases. 

While some aspects of case management may be linked to highway-safety efforts, the 
relationship is minor when compared to the other types of safety analyses listed above. 
Examples of data that are useful for safety analyses include the driver’s intended maneuver, the 
location of the crash, the manner of collision and the contributing circumstances. 

Roadway inventories. The taxonomy adopted for roadway-inventory data is shown in table 7. 
Unlike the use of elements from the PCR by multiple users, those elements which appear on the 
roadway inventory are used almost exclusively by the highway engineering community. 

Emergency medical services. The reporting of data from emergency medical services and 
medical trauma as related to vehicular crashes is not standardized. Further, consideration of 
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medical data was limited to “driver condition prior to the crash” and “injury severity” (generally 
through use of the KABCO scale). Issues and potential strategies which apply to medical data 
collection are discussed in chapter 7. 

Table 7 
Taxonomy of Roadway-Inventory Data: 

Categories and Types 

DATA 
CATEGORY 

A 

LOCATION 

B C 

ALIGN- CROSS- 
MENT SECTION 

D E F G 

PAVEME TRAFFIC ADMINISTRA .MISCELLAN- 
NT TIVE EOUS 

1 Govern. Unit Horizontal Lanes Type Volume Dates Special Features 
2 Referen. System Vertical Shoulders Condition Composition Jurisdictions Structures 

DATA 3 Route Roadside Controls Linkages 
TYPE 4 Intersection Median Restrictions Year Built 

5 Direction Appurtenances Signals Modifications 
6 Clearances 

Data Needs for Safety Analysts 

A brief general summary of data needs of highway-safety analysts appears in table 8. It provides 
an overview of needs across all highway-safety functions for the data types identified above. 
Each of the three major data sources selected for study in this project is addressed. 

Classification of Issueg 

During the course of identifying how highway-safety data were gathered and managed, the 
project team documented a number of issues and noteworthy practices at sites throughout the 
Nation. This chapter briefly describes important issues. Framework for the discussion is that 
portion of the highway-safety information-system related to collecting and managing data. The 
data-collection phase can be further divided into collecting data at the scene and away from the 
scene. The issues relate to the three sources of data under discussion: crash, roadway inventory, 
medical. Table 9 shows nine possible classifications for the issues based on phase and 
component. These classifications will serve’as the framework for subsequent discussion. 

Data collection is the phase of obtaining and recording data about the crash or roadway which 
will become part of the highway-safety information-system. Data about a vehicular crash may be 
obtained both at the scene and away from it. The latter activity is used to add facts that the 
investigators were not able to obtain at the scene. Much of the collection of trauma 
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Table 8 
Data Needs of the Highway-Safety Analysts 

Source of Data 

Crash Report 

Data Types 

1. Involved Persons - There is limited interest in specific identifiers of involved persons, other 
than for providing linkages. The primary interest is in the following data types: 

- Injury 
- Condition 
- Tests 
- Treatment 
- Attributes 

2. Involved Traffic Units - The nature of interest is similar as for involved persons. The primary 
interest is in the following types of data: 

-Damage 
- Condition 
- Maneuver 
- Attributes 

3. Environment - Interest is potentially high in the all of the data types included in this data 
category. The need of any specific analysis will depend upon its objective and scope. 

4. General Crash Description - Interest is potentially high in all of the data types included in this 
data category. The need of any specific analysis will depend upon its objective and scope. 

5. Administrative - The data of interest here are primarily for the purposes of data linkage and, 
possibly, jurisdictional variations. 
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Table 8 
Data Needs of the Highway-Safety Analysts (continued) 

Source of Data 

Roadway 
Inventories 

Data Types 

1. Location - Location data tie primarily used to,provide linkage to crash data for merging data 
elements for analysis. 

2. Alignment, Cross Section and Pavement - alignment, cross section and pavement data are 
primarily used by engineers for analysis of specific locations, determination of design 
standards, and construction needs assessments. Insurance industry users could have an 
interest in these data in a manner similar to training agencies and citizen groups seeking to do 
problem identification, or develop public education and information programs and materials. 

3. Traffic - Traffic volume and composition data are primarily used in performing highway 
engineering and general safety management functions, to provide an exposure base for safety 
analyses. Traffic control data are used primarily by highway engineers. 

4. Administrative - Data on date of construction, as well as modifications, can, be useful in trend 
analyses. Otherwise, administrative data generally are not used for safety analyses, but are 
employed by the data base administrator. 

5. Miscellaneous - Miscellaneous data include special features or structural information that win 
be of interest to the same potential users, as may employ alignment and other geometric data 
in their analyses. 

Medical Reports 1. Driver Condition Prior - Driver condition is not readily diagnosed by a police officer or other 
(EMS, Medical non-medical data collectors at the site of a crash. The medical diagnoses performed by the 
Examiner, Hospital trauma care system provide the potential for better quality data in this critical area than can be 
and Trauma obtained elsewhere. 
Records) 

2. Injury Severity - Although many analysts need only a severity classification of fatal, personal 
injury and property damage crashes, the injury descriptions obtained from crash reports are 
not sufficiently accurate or precise for some analyses. The more informed and trained 
observers in the trauma care system may provide a useful alternative source for any user 
interested in details on injury severity. 

and related medical data, e.g., treatment, admittance, and outcome, are collected at the hospital or 
other treatment sites which are away firom the scene. 

Data management is the process of entering data into manual and automated files, and 
maintaining those files. Where automated systems are used, data are entered into a data base 
through keying, scanning, or image processing. What is stored should be available for those who 
require information about highway safety. 
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Table 9 
Classification Framework for Handling Highway-Safety Data 

Sources of Highway-Safety Data 

Data 
Collection 

A. Collecting 

B. Renorting 

Traffic 
Crashes* 

Medical* Roadway 
Inventory 

Data C. Data entry 
Management and storage 

* can be “on-scene” or “away-from-scene” 

The issues affect costs, quality, safety, and protection of privacy, often in combination. 
Resolution of issues may involve expenditures or redirection of processes. However, it often 
faces a conflict between the provision of safety data and management of the incident, which 
includes any case deriving from that incident. The discussion below highlights issues which the 
project team noted during their study of processes at sites nationally. 

. 

Issues Affecting Collecting and Reporting Data 

Traffic crashes. After the responding officer has arrived, assessed the scene, and taken steps to 
stabilize the incident, he begins to collect and record data about the crash. These data will be 
used for case management and for crash reporting. In addition, the officer may leave the scene to 
collect additional data. The most common case is when the officer goes to the hospital to collect 
more information about injuries. 

As the data are collected, the officer records them. The standard form is the police crash report 
(PCR) which contains information about the crash and serves for both case management and 
safety data. The officer handling the crash, support offricers, or special investigators, such as the 
accident reconstruction offtcer,. may prepare supplementary reports. Generally, these reports are 
used for managing the case rather than for safety data. An exception would be the Fatal Accident 
Reporting System (FARS) analysts at the State safety agency ihrho might used the supplemental 
reports for additional data required by the FARS data base. A summary of issues related to 
collecting safety-data from crashes appears in table 10. Table 11 summarizes issues related to 
reporting those data. 

Roadway inventory. Much of the data used by the roadway inventory is collected on-site and 
reflects the quality of that collection. Additional data come from construction and maintenance 
records. Generally these data are submitted to the State department of transportation where they 
are recorded on the roadway-inventory file. 
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Table 10 
Issues Related to Collecting Crash Data 

Collecting Data - at the scene of the crash 

I. Potential conflict among officer roles at a crash scene may degrade the quality of safety-data collected (roles noted in 
priority order): 

a. determine needs for further response 
b. stabilize scene to prevent further harm 
c. traffic control 
d. manage operations at the scene 
e. collect data for managing the case; begin in-depth investigation 
f. enforce traffic and other laws 
g. collect crash safety-data 

2. Perceived need by officer to establish fault, for insurance and enforcement purposes, may bias the collection and 
interpretation of data 

3. Inconsistent coverage of vehicular crashes yields biased samples and includes 
- state and locally mandated reporting thresholds eliminate crashes, and 
- lack of police resources and motorists not reporting minor crashes to the police. 

4. Incorrect use of resources may reduce quality of data collected resulting from: 
- lack of clearly defined roles for police at the scene, and 
- distractions while collecting and recording data. 
- multiple data gathering without proper communications of findings 

5. Inaccuracy and imprecision in locating the crash, positions of vehicles and persons involved in the crash, and crash 
debris reduces usefulness of data for later analyses. 

6. Collection of dataperceived by the o@er as having limited use will reduce the incentive to provide quality data. 
7. Danger to officer at the scene reduces incentive to complete a thorough investigation of crash. 
8. Inadequate initial and refresher training results in low-quality data gathering, as well as 

- limited feedback received by investigator, and 
- infrequent opportunities to investigate crashes 

9. Adequate tools or means for collecting some of the data are not available, resulting in low quality including 
inaccurate or incomplete data 

10. Disturbance or destruction of the scene by traffic, fire, rescue, tow vehicle operators, as well as less well trained 
police offtcers. 

Collecting Data - away from the scene) 

1 I. Needs for gathering additional data from vehicles and persons may affect completeness of crash report, particularly 
when data are required for case management. 

12. Sources of data may not be readily accessible to the investigating officer because 
- extent of injuries and medical treatment are not available; 
- vehicles taken to different locations, and 
- reluctance of witnesses to be interviewed 

, 

Tools used for collection range from handwritten forms to automated processes. Even with an 
automated process, there may not be verification built in during the collection of the data. One 
of the most common forms is use of photologging whereby roadway data are captured on 
videotape. These tapes may or may not be converted into a data base. Table 12 addresses issues 
related to collecting and reporting roadway-inventory data. 
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Table 11 
Issues Related to Reporting Crash Data 

1. Requiring officers to make judgements on matters for which they do not have adequate training will result in low- 
quality data, for example: 

- estimating speed, extent of damage, extent of injuries, and 
- determination of fault. 

2. Care given to completing police crash reports often is directly related to the severity of the crash, resulting in 
inconsistent reporting. 

3. Inadequate initial and refresher training results in low-quality data recording, 
4. Poorly defined and inappropriate data elements and codes contribute to incomplete and inaccurate recording. 
5. Even when comprehensive sets of codes are available for a given element, officers tend to select and use only a few. 
6. Lack of codes or elements for specific needs results in loss of data. 
7. Size and complexity of crash reports appear directly related to the likelihood of incomplete or inaccurate responses. 
8. Reporting data which are also available from other sources or multiple recording of the same data increases the 

likelihood of inconsistency among data sources. 
9. Completing report away from scene results in problems with accuracy and completeness because of failure to collect 

or forgetting data. 
10. Review and quality control varies dependent upon attention and priority given to crash reporting by agencies, 

Table 12 
Issues Related to Collecting and Reporting Roadway-Inventory Data 

Collecting Data 

1. Lack of automated equipment to assist with collecting roadway data may result in inaccuracy, imprecision, and 
incompleteness in data collection. 

2. Longitudinal geometries (horizontal and vertical curvature) are not collected and will affect relating the crash to 
roadway characteristics 

3. Roadway features may not be located accurately because of lack of proper measuring tools or assistance in 
measuring. 

Reporting data 

1, Limited feedback regarding accuracy of recording reduces the likelihood of collecting high-quality data. 
2. Procedures for recording data are not available during construction and maintenance of roadways which affect 

quality. 

Medical information. Data related to injuries, initial handling of the victims, and treatment are 
recorded at the scene by emergency medical services (EMS) personnel, and at treatment sites 
(trauma centers, hospitals, and other medical facilities) by other medicalpersonnel. The data can 
provide substantial information related to the potential causes of injuries, the treatment given, 
severity, and the prognosis for recovery. 
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An over-riding issue affecting both EMS and trauma data is the lack of standardized methods for 
recording them. Once recorded, there are few centralized repositories which can be used by the 
safety-data community. Table 13 depicts issues with coliecting and reporting data both at the 
scene and away from the scene, generally the hospital. In addition to the issues which 
specifically relate to handling of trauma data by EMS and hospitals, some of the issues related to 
collection and reporting of crash data also apply to medical information. 

Table 13 
Issues Related to Collecting and Reporting Medical Data 

Collecting Data I at the scene of the crash 

I. EMS personnel may not have information about the events leading up to the crash, deformations to involved 
vehicles, and location of persons in the vehicles limits later diagnosis of injuries. 

2. Unavailability of correct names or accurate identifiers of injured persons precludes later attempts to match injured 
persons with a crash report. 

3. Not all injured persons are seen or handled by EMS personnel. 

Collecting Data - away from the scene 

4. Inability to link patient with crash precludes associating injury data and treatment with crash facts. 
5. Confidentiality of medical records precludes associating injury data and treatment with crash reports, 
6. Classification of injuries is related to need for treatment and potential threat to life; it can not be related to the cause 

or outcomes, e.g. permanent disability. 
7. Not all injuries are seen by medical units that might keep records of trauma-induced injuries. 

Reporting Data 

1. Forms are not standardized, both at the EMS and treatment levels. 
2. EMS reports may be completed after delivery of the injured to a medical installation and rely on the memory of 

EMS personnel for accuracy and completeness. 
3. Reports may not be prepared for persons not transported by EMS personnel causing loss of data regarding injuries. 
4. Multiple responding EMS agencies each may record differing data about persons treated in a specific crash. 

Issues Affecting Managing the Data 

Data management is comprised of two parts: entry and storage. Data entry involves the act of 
preparing data contained on reports for subsequent storage. The activity may involve 
microfilming or imaging, manual editing, distribution to various processing units, and the actual 
keying or scanning of the data themselves. Not all reports are entered into data bases, or if they 
are, the data bases may not be centralized. Medical data, particularly EMS forms, rarely are 
captured on a system. 

During storage, data are maintained for later recovery and use. Data may be stored in paper files, 
as images on microfilm and computers, and digitally. The computer format may depend upon 
out-dated software or up-to-date, data base management systems. They may be linked to images 
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and to data residing in other data bases. Some States come close to having a distributed data 
base system, at least at the State level. The crash safety-data may be linked to driver, vehicle, 
roadway-inventory, and medical tiles. However, each file is maintained separately, and duplicate 
fields exist. No states currently integrate local data bases with the State files. 

The most important issue affecting the quality and availability of data is costs. Upgrading 
systems, including the development of distributed systems is expensive. Few States have 
committed resources to upgrade their highway-safety management systems. 

Traffic crashes. Data storage for traffic crash reports ranges from paper files at many police 
agencies to linked data base systems in some States. Some State and local agencies also are 
introducing imaging systems to store reports. 

Once completed and reviewed at the local level, the PCR is sent to the State safety-agency,for 
processing. An exception is reports which do not meet the reporting threshold established by the 
State. Some agencies also will record crash data on a local data base, normally from the police 
copy of the PCR. Only in Ohio (of those sites studied) does the local agency enter data directly 
to the State safety data base. 

After receiving the report, all States key data into a safety data base. More than one agency may - 
key data from the same report, some successively, others on a parallel path. Data may be entered 
at one time, or in two steps with some form of skeleton file being produced first. During entry, 
most States provide some form of manual review prior to keying the data. Many States have 
online editing systems which require correction of specific fields before the entry is accepted. 
They often use some form of batch editing to make corrections. 

In addition to the computer data base, local agencies and the States keep images of the 
documents on file. Most organizations keep a paper file. Many also will microfilm the crash 
reports. A few agencies are beginning to use imaging systems to maintain copies of the 
documents. The issues which affect management of crash data appear in table 14. 

Roadway inventory. Most roadway inventories are not linked to the crash safety data bases. As 2 
a result, information about locations on the roadway where crashes are occurring have to be 
matched manually to summaries from the crash safety data base. Where locations of the crashes 
are not accurately coded, a problem in many States, the usefulness of the crash data is limited. 
Issues unique to roadway inventories appear in table 15. 

Medical information. Most data related to medical information from both EMS and trauma 
organizations are not maintained centrally. Several States have been taking, steps to centralize 
these data. However, because of privacy laws and the threats of litigation, data may not be 
shared even though they are available from a central source. The CODES project currently being 
funded by the National Highway Traffic Safety Administration is seeking ways to associate data 
with crash reports and to make them available for users. Many of the issues related to traffic 
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crash reports also are related to medical data. The issues which affect the management of 
medical data are shown in table 16. 

Table 14 
Data Entry and Storage: Crash Data 

I. Local agencies enter data into their tiles prior to transmitting reports to the State, thereby increasing delay in 
availability at State level. 

2. Maintenance of paper files can reduce flexibility in access and use of local data. 
3. The number of steps required for handling reports increases delay and likelihood of errors. 
4. Separation of duties for recording data allows differing levels of quality and timeliness at the State level, 
5. Multiple databases, particularly local and central, increase delays in data available centrally and increases handling 

of data. 
6. Use of outdated database management systems reduce the likelihood of making changes and usually preclude 

linkages. They also can restrict the number of years of history maintained. 
7. Editing is performed without access to original facts which limits ability to provide accurate and precise data; 

.8. Lack of automated assistance increases time required to process reports particularly for location coding. 
9. A long period from crash occurrence until data are available from central source delays availability to users. 
IO. Paper files are the primary source of crash narrative and diagram limiting general availability of these two elements 

to of users who need them for specific crashes. 
I 1. Variable confidentiality laws reduce availability of data to users. 
12. State level processing not integrated with local level, reducing feedback needed for improving quality and quality 

assurance. 
13. Change in forms without adequate review of entire process results in loss of data or quality of the data. 
14. Lack of direct access by users reduces feedback needed to address quality as well as usefulness of data being 

recorded. 

Table 15 
Data Entry and Storage: Roadway-Inventory Data 

1. Not linked to state safety data base reduces precision of information to that base. 
2. Roadway inventory does not reflect maintenance and construction changes reducing accuracy of inventory. 
3. Crashes are not part of inventory thus reducing ability to access one source in order to determine relationship of crashes 

and roadway elements. 
4. Lack of longitudinal geometries (horizontal and vertical curvature) results in less complete information relating the 

roadway to the crash. 
5. Accuracy and precision are variable, limiting usefulness of determining role roadway may have played in crash. 
6. Lack of inventory for classes of highways reduces coverage. 
7. Identification of roadway features imprecise because of measuring schemes. 
8. Long intervals between times of updating the inventory will not reflect changes which may be related to increases or 

decreases in traffic crashes. 

Table 16 
Data Entry and Storage: Medical Data 

1. Confidentiality of medical records limits the association of injury data and treatment with types of crashes. 
2. Lack of data bases prevent single access to data and unavailability of data from many sources. 
3. Medical data not available until after discharge or admitting creates long delays in availability of data. 
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4. Collecting and Managing Safety Data 

Overview 

This chapter briefly addresses the aspects of quality as it affects safety data. The issues of 
quality are important in the subsequent derivation of costs discussed in the next chapter. After a 
discussion of quality, the chapter concludes with a discussion of the processes related to collect- 
ing and managing highway-safety data. It focuses on the main sources of data: crash, roadway- 
inventory, and medical (emergency medical services and trauma injury). 

. ualltv of Safetv Data 

,Dimensions of Quality 

Quality is difficult to quantify. It has several dimensions. Within each dimension, the quality 
rating of a given set of data may vary according to the user and need for information. For 
example, one user may need substantial precision while another needs approximations. The 
coverage of the data needed may be wide ranging or very narrow. As a result an almost infmite - 
number of quality requirements arise from users (see also O’Day 1992). For the purposes of this 
project, six “dimensions of quality” are used: 

1. Coverage: Proportion of the universe sampled. and representativeness of the sample. 

2. Accuracy: Degree to which the crash report is correct, both in terms of what the report 
requires of the collector, and what the collector reports; includes retention and translation 
of the report in’processing, both in terms of data entry and preserving the edited record in 
an unadulterated form. 

3. Completeness: Data which are missing either because they are not collected, reported, or 
entered into the system, or which are inaccessible for reasons of confidentiality or 
“ownership.” 

4. Precision: Degree of detail. 

5. Consistency: Among observers and collectors, and over time. 

6. Timeliness: How soon the data are available after the event. 

Discussion following will addresses issues of quality as it relates to the police crash report 
(PCR), roadway inventory and medical data with concentration on the PCR. Many of the issues 
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related to quality appearing in literature also were raised by users interviewed during the course 
of the project. A fmal section under this part presents an analysis of crash reports obtained from 
sites visited. 

Previous Studies of PCR Data Quality 

Coverage, accuracy, and consistency are the dimensions which have attracted the most attention 
in the literature. Precision, completeness, and timeliness tend to be most explicitly dealt when a 
review is made of a specific traffic-records system. 

The degree to which the entire universe of traffk crashes is captured by the Coverw. 
system is a function of several factors. Reporting levels are established by agencies so that low- 
severity crashes are not required to be reported by the police. The trend is to reduce the number 
of cases which require completion of the PCR. These reporting thresholds vary considerably 
across the States, as well as across agencies within a State, and are based on estimated costs to 
repair, injury severity, and combinations. 

At one level involved parties go to the nearest police station to have an officer complete a “desk” 
report. Even with at-scene reporting, the number of elements reported will vary depending upon 
severity of the crash along with its likelihood of requiring further case management. 
Furthermore, regardless of laws and policies which require reporting, the motoring public often 
does not comply. 

The degree of coverage, whatever it may be, seems to be declining as available resources within 
the law enforcement community decline. A recent report on the situation in one State [Univer- 
sity of Texas at Austin 19841 expresses what is generally believed across the U.S. 

“The level of reporting . . . is becoming an increasingly serious problem. The result of 
these movements has been a pecrease in the amount of police-reported accidents and an 
increase in the amount of driver-only reported accidents. This situation has important 
implications... 

- Many accidents go unreported; 
- Driver-reported accidents may not be as reliable as police reports; and, 
- Systematic biases are introduced into the data, if drivers report certain kinds 

of accidents, while police report others.” ~ 

A recent Transportation Research Board (TRB) report [TRB 19871 concludes that “most States 
do not have a good estimate of the number of missing accident reports, but it is generally agreed 
that large numbers of property-damage-only accidents and many minor injury accidents are not 
reported.” This is considered by some analysts of the field of traffic safety to be the most 
fundamental issue to be faced with numerous studies and reviews of crash coverage in the 
literature [Hauer and Hakkert 1989, also Hutchinson and Kennedy 1964; Morrison and 
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Kjellstrom 1987; Harris 1990; Chapman 1983; Turner - National Safety Council 1989; and 
O’Day 19921. 

An overview of 18 studies conducted through 1985, [Hauer and Hakkert 19881 concluded that in 
the US. a range from 35 to 55 percent of all crashes are reported by the police. Fatalities can be 
estimated to an accuracy of +/- 5 percent using reports from the police, while only 80 percent of 
the injuries requiring hospitalization and 50 percent of all injuries are reported. Equally 
important, the authors conclude that there are inconsistencies in coverage according to crash 
attributes, e.g., whether the injured party was a driver, passenger or non-occupant of a vehicle, 
and the number of vehicles involved. In spite of the important impact of coverage issues on the 
accuracy of analyses, State traffic records assessments being conducted by NHTSA [Brown June 
1992, November 1992, and July 19931 do not explicitly deal with this issue. 

The 1987 TRB report expresses the opinion that there is “widespread concern Acc~. 
about the difficulty of the job that reporting police offricers have. . . . Errors are common in 
reported data such as occupant restraint usage, injury, severity, location references and vehicle 
identification numbers.” The results of a survey based upon 35 respondents from 100 randomly- 
selected cities vrban Transportation Monitor 19901 indicated that 7 1 percent believed the 
accuracy of their available crash data to be “good,” while 26 percent rated it “reasonable” and 
only 3 percent found it to be “poor.” On the other hand, a mail survey of the highway authorities 
in Great Britain [Ibrahim and Silcock 19921 resulted in conclusions that law enforcement 
agencies expended significant time on resolving officer reporting-errors. Location referencing, 
narratives, vehicle identifiers, road classification, and attendant circumstances were the most 
problematic. 

The difficulty in assessing the accuracy of crash data is the availability of objective criteria, 
especially for the data collection. Judgments about accuracy of a crash report are difficult 
because those conducting the assessment were not present when the officer completed the PCR 
and have no other source of information about the crash. In some cases, it is possible to obtain 
data on the crash from other sources; however, the relative accuracy of the alternative source is. 
not ,objectively known either. I 

An attempt to verify accuracy appeared in a study [Shinar, Treat, and McDonald 19831 which 
used a sample of 214 crash reports prepared by trained accident-investigation specialists matched 
to State and local PCR’s. Using statistical measures of agreement and disagreement between the 
two sources of inform&ion on the crash, the authors reported that the “police are highly reliable 
in observing the correct location and date and may be considered to be sufficiently reliable in 
noting the day of week, number of drivers, passengers and vehicles involved in each accident.” 
On the other hand, reporting of ambient weather, road and light conditions was moderately 
inaccurate, while the poorest agreement occurred with police notation of vertical curvature. 
PCR’s were also identified as inadequate for reporting crash severity, primarily because 
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approximately 15 percent of the crashes classified as property-damage-only (PDO) had personal 
injuries. 

For traf?fic unit variables, i.e. vehicle and driver data, there was a greater difficulty arriving at 
valid conclusions because of the significant amount of missing data discovered. The conclusion, 
in general was that “the use of police data for evaluation the frequency and type of vehicle 
defects in accidents is very questionable.” 

Finally, the analysis of causes attributed to the crash on the PCR yielded the conclusion that “the 
police in fact are conservative in their attribution of causes since the probability of false alarms is 
extremely low for all causal factors . ..‘I More detailed analysis resulted in the conclusion that 
the police are best at judging direct human-contributions, e.g., failure to yield, while the indirect 
human contributions, e.g., alcohol and fatigue, as well as the environmental contributors to the 
crash, are the ones that the police are least adept at identifying. 

The findings of Shinar were echoed by Howard [ 19791 in South Australia. Inconsistency and 
very low accuracy also were found by Hutchinson and Kennedy [ 19641, Hargroves and 
Hargroves [1981], and Stein [1993]. 

Hall [ 19841 attributed inaccuracies in coding highway factors as causes to police bias which 
looks for driver errors. He is supported by others [Baker 1983; Hutchinson 19871. The study 
also cites the need to replace the collection of many data elements by police with linkage to 
related archival files which contain driver, vehicle and roadway data in a more accurate and 
precise form. 

Very limited information is available on how data-management affects accuracy either through 
correcting inaccuracies or by introducing new ones. A limited review of coded data was 
conducted in one State [Roy Jorgenson Associates, Inc. 19861 using fifty fatal-crash reports from 
1985 found at least one error in every field captured by the’trtic records system. Most errors 
resulted from inaccurate location coding; review of randomly selected fatal-crash reports showed 
differences from reported to actual location from 0.032 km to 2.17 km (average of 0.804 km) 
[see dso Hall 19841. 

One State F(ounce, Delucia, and Hilger 19911 recently conducted an evaluation of the quality of 
data which comes from its reporting system. This was done by identifying projects which used 
the crash records in the process of making a decision on investments in improvements at specific 
sites. The project team compared the contents of the automated record with the original PCR. 
No serious problems were found with the accuracy or completeness of the crash data file “vvith 
regard to seven variables typically used in problem identification and funding allocation 
decisions.” This suggests that the translation of the report to the record does not suffer 
significantly in quality. It does not address the accuracy of the original PCR. Even so, the 
authors found errors ranging from 3.3 to 4.2 percent. 
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Comnleteness and Precision. The results of a survey based upon 35 respondents from 100 
randomly selected cities [Urban Transportation Monitor 19901 indicated that 57 percent believed 
the level of detail of their available accident data to be “good,” while 40 percent rated it 
“reasonable” and only 3 percent found it to be “poor.” As cited in Shinar, the PCR’s tend to be 
incomplete in reporting of vehicle and driver causal factors. A study of 1,088 PCR’s, for crashes 
in Illinois in the early 1960’s [Hutchinson and Kennedy] found 18.3 percent of the reports were 
not completely filled out. Although the State of Illinois depends upon the collision diagram for 
coders to enter certain data into the system, 15.3 percent of this sample did not include a collision 
diagram. 

A study in another State [Hargroves and Hargroves 19811 found an overall omission rate on its 
PCR’s of 1 percent of the data elements. They translated this into “one out of four accident 
reports contains one or more omissions.” However, the omissions might be centered on a few 
elements of the form and may not significantly affect the quality of safety-data analyses. The 
series of State interviews [Hughes, et al. 19931 identified significant occurrence of incomplete 
reporting of Vehicle Identification Numbers (VIN’s), crash diagrams, and narratives. 

With regard to precision, there is a need to balance between report designs which require overly 
specific responses and ones that offer only vague options. The former can lead to excessively 
long lists of choices and inappropriate response options. The latter can result in no useful - 
information. The State study cited above [Hargroves and Hargroves] concluded, on the basis of 
analysis of a representative sample of 10,000 PCR’s, that “in many cases, vague or poorly 
defined response options were the most commonly used items for the data element.” 

WY. The set of critical automated reporting elements (CADRE) was developed to 
help standardize reporting of specific elements. A study of the crash reports used in 2 1 States 
(Wu 1993) concluded that most States do not contain the CADRE elements. Where they do, the 
codes adopted for the element were not completely in agreement with those recommended in the 
CADRE system. He also concluded that there was little consistency between the States. Even 
where common variables appeared for crash facts, the codes used for them were widely 
divergent. 

While little else is available regarding this in the literature, one study [Gerrard and Mosher 19601 
compared PCR’s in the State of California with alternative archival sources of crash-related data, 
documented the variation between PCRs submitted by the State police and those submitted by 
city police departments. The data elements of interest on this study were those that could be 
derived for traffic units from DMV files, weather related data, and ambient light conditions. In 
almost all cases, there was an overlap of confidence intervals for State and city agency PCR’s. 
The intervals for cities tended to be larger, possibly associated with the significantly smaller 
sample-sizes of the city samples. 
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Timeliness. The timeliness of safety data, i.e. its currency, is a subject of concern among 
safety analysts, but not one on which there is complete agreement. The results of a survey based 
upon 35 respondents from 100 randomly selected cities [Urban Transportation Monitor 19901 
indicated that only 38 percent considered the timeliness of their available crash data to be 
“good,” while 38 percent rated it “reasonable” and 24 percent found it to be “poor.” A study by 
Hughes, et al. showed data to be available to end-users from 25 to 210 days after the crash. In 
one State [Brown November 19921 a two-year backlog of crash reports for data entry existed. 
Added to this delay was a reduction in completeness and coverage for those data eventually 
entered. 

The varying needs of the users result in a range of currency required from the data. Unfortu- 
nately, some State systems have a combination of limited resources and inefficient processes 
which slow the availability of data. One State’s review [Kelsh, Reitzler, and Rauth 19841 
identified crash data which were as much as 3 months old as a major operational deficiency. 
Another State system study [Illinois Department of Transportation 19881 identified problems 
with processing which seemed to be the major reason for a delay of 6 months before crash data 
were available to safety analysts. Efforts have been made to demonstrate the application of new 
technology, use of streamlined processes, and injection of additional staff to reduce the time until 
the data are accessible to analysts [Lucke and Stenzel 198 11. 

User-Identified Quality Issues 

As part of the focus groups conducted for this project in several of the States visited, users were 
asked to comment upon the quality of the data which they derived from safety-data sources. 
Table 17 summarizes comments and gives a “flavor” of the responses received. Appendix A 
contains a more complete set of those comments. In general, the comments are those made in a 
particular State, or city, so they are not representative of all the States visited. In a.few cases, the 
comments were repeated among multiple groups. 

Assessment of State Crash Files 

Selection of crash reports. Rare opportunities are available to place the crash data base of a 
State under detailed analysis to assess the overall quality of what resides in the tile. Most States 
do not do this as a regular, or even infrequent, practice. There,are exceptions to this general 
state-of-practice. Some States conduct regular quality-assurance reviews. However, the results 
of these generally are not available in a form useful for research such as occurred with this 
project. The team, therefore, sought to conduct limited analyses of its own on crash-report data 
where a State was willing to cooperate and expend some resources to provide the data. In, 
addition, the review of quality HSIS [Council 19911 is used to supplement findings summarized 
by the project team. 
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The team arranged to acquire a small set of PCR’s from each of five States. They were selected 
and copied at-random (but without specific instructions on how to achieve randomization) upon 
receipt at the submitting agency, but before any processing was started. The reports then were 
compared to the final data base record. 

Table 17 
Comments from Users Regarding Quality of Crash Data 

Coverage l Reporting of PDO crashes varies among jurisdictions; local thresholds vary from the State threshold. 
l Pedestrian, bicycle, and hit and run crashes are not well-reported. 

Accuracy l Officers tend to be accurate on reporting the “when, here, and who” aspects of the crash, but less accurate 
with the “how and why” aspects, They also do not report roadway related elements accurately. ” 

l On scannable reports (OMR), officers mark the wrong “bubbles.” 
0 Use of “other” and “unknown” occur too frequently. 

Completeness l Seating positions and occupant injuries often are missing. 
l Reports lack details on contributing circumstances for roadway elements. 
l Pedestrian age and drinking, and helmet usage is not determined. 

Precision l Precision is highly variable, and the narratives and diagrams tend to be oriented to establishing fault, rather 
than recording facts. 

l Officers often provide insufficient information to locate crashes precisely; they frequently use “other” for 
coding elements. 

l Some codes for contributing circumstances are imprecise, e.g., “careless driving” or “speed too fast for - 
conditions.” 

0 Roadway elements are reported imprecisely. 

Timeliness l Crash and citation data are available barely in time for preparation of the State Highway Safety Plan each 
year. 

l Need for timeliness varies significantly among users. 
l Agencies create their own files because of lack of timely data. 

Consistency l Reporting thresholds and injury severity is not consistently reported. 
l Reporting of contributing circumstances increases with crash severity. 
l Narratives and coded elements often do not agree, particularly for driver condition. 

A total of 246 reports were received from the 5 States as shown in table 18. Of these, one half 
represented reports of injury-producing crashes, the other half for PDO. Because the relationship 
between PDO and injury crashes is not of the magnitude of 2: 1 as exists nationally, the results of 
this review can not be taken inferentially. Finally, of the crash reports received, 14 from 1 State 
contained collisions with deer. The special manner in which these crashes are reported resulted 
in removing them from the sample. 

From the remaining 232 reports, 16 elements were selected for analysis. Six represented 
. descriptors of the crash; 10 covered the vehicle, highway, and driver. The data elements for 

safety-belt usage, speed limit, and estimated speed were added because the literature has 
identified these as problematic. Criteria included that the elements are common to most States, 
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and that the elements were important descriptors of the crash. Not all States reported the same 
elements, A list of the selected elements is shown as table 19. 

Table 18 
Crash Reports Submitted for Review 

* excludes 14 reports involving a vehicle and a deer (all reports missed one or more elements) 

From the remaining 232 reports, 16 elements were selected for analysis. Six represented 
descriptors of the crash; 10 covered the vehicle, highway, and driver. The data elements for 
safety-belt usage, speed limit, and estimated speed were added because the literature has 
identified these as problematic. Criteria included that the elements are common to most States, 
and that the elements were important descriptors of the crash. Not all States reported the same 
elements. A list of the selected elements is shown as table 19. 

Table 19 
Elements Selected for Review 

I. Crash 
a. Manner of collision 
b. Severity of the crash 
C. Location relative to road 
d. Condition of the road 

F 
Time of day vs light conditions 
Most harmful event 

2. Vehicle, Highway and Driver 
a. Safety equipment used 
b. Driver condition 
C. Severity of injury (driver) 
d. Driver contributing factor 

;; 
Vehicle contributing factor 
Highway contributing factor 

B. Vehicle type 
h. Estimated vehicle speed 
I. Posted speed limit 

I j. Maneuver preceding collision 
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Although a review of 232 crashes provides a limited basis for conclusions, it does highlight 
issues. The most important ones are discussed in greater detail. In general, the findings suggest 
that as many as 6 percent of all elements coded may be in error. 

Errors detected - general. The 232 police crash-reports had 301 “errors” among the 15 
elements. These errors included both misreported and missing data. Table 20 and figure 2 
present a summary of the findings, showing the variation in errors among the States. Overall, 
missing codes accounted for more than one half of the errors. These incomplete elements 
occurred on more than one-third the reports analyzed. Of the driver and vehicle elements 
studied, no errors appeared in the reports from one State; another had errors in 30.6 percent of the 
elements. 

Degree of correction of the errors was variable among the States. None of the errors detected in 
crash reports from, state B were corrected in the data base records. On the other hand, State I 
detected and corrected 91 percent; however, 20 of the 21 corrections applied to improperly 
labeled “direction of travel.” 

Although a “total of errors” is shown in table 20, it is descriptive only. Each State describes and 
codes elements slightly differently. Errors occurring in one State, e.g., the “manner of 
collision,” might not occur in another because of these differences. This highlights the 
inconsistency in definitions used for data elements. 

Sources of error. Errors found can be divided into several sources. The most important were 
those appearing because: 

l Directions for completion appeared unclear. 
l Data are not available or the element may not appear important. 
l Failure to record the data properly. 

The most common example of unclear needs was where the officer left “contributing cause” 
blank more than 50 percent of the time. As noted above, the officer appeared to interpret the 
instructions to mean “complete this only if the element is ‘at fault’.” 

Missing “posted” and “estimated speeds” are examples of data which are not recorded because 
they are not available or may not appear important. When speeds were entered, they were not 
consistent with apparent damage done, e.g. speed of “5 mph” when both vehicles appeared to be 
total losses. 

The final case of error stems fiomfailure to record data properly. The most frequent example of 
this failure was miscoding ,the “location of the crash relative to the road” which occurred in 
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Table 20 
Elements Reviewed and Errors Identified 

UMBER OF 
,EMENTS REVIEWED 
:ash 
chicle/Driver 
LEMENTS IN 
KRORS OR MISSING 
:ash - Number 

PDO 
Injury 
All Crashes 

- Percent * 
PDO 
Injury 
All Crashes 

chicle/Driver - Number 
PDO 
Injury 
All Crashes 

- Percent * 
PDO 
Injury 
All Crashes 

A 
5 
9 

B 
6 
4 

C 
6 
9 

D 
4 
8 

ALL 
E STATES 
6 5.4 (avg) 
8 7.6 (avg) 

18 8 19 0 1 46 
10 4 9 0 6 29 
28 ‘12 28 0 7 75 

24.0% 7.4% 5.3% 0.0% 1.2% 7.3% 8 
28.6% 6.1% 4.5% 0.0% 2.9% 4.6% 
25.5% 6.9% 5.0% 0.0% 2.4% 6.0% 

77 6 60 12 9 164 
20 4 14 11 13 62 
97 10 74 23 22 226 

30.6% 4.5% 6.1% 10.0% 4.0% 10.1% 
17.1% 6.7% 2.7% 2.6% 2.8% 4.2% 
26.3% 5.2% 5.0% 4.2% 3.2% 7.3% 

* percent is based on average errors per report divided by number elements reviewed 

1. 
’ 1 

Figure 2 
Errors on Crash Reports 
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States A, B and E. Generally, if the crash occurred at mid-block, it was coded as such even 
though the narrative clearly indicated that the crash was “intersection or driveway related” and 
codes for “intersection-related” and “driveway” were available. In other cases, officers 
mismatched time of day and the light condition, and recorded vans as cars or trucks even though 
the code for “van” was available. Data entry personnel rarely corrected these mistakes. 

Quality of State crash files from HSIS. The Highway Safety Information System (HSIS) is 
sponsored by the Federal Highway Administration, and operated under a contract with the 
University of North Carolina, Highway Safety Research Center (HSRC). It currently maintains 
crash and roadway-inventory files created from “raw” files supplied by five States: Illinois, 
Michigan, Minnesota, Ohio, and Utah. The HSRC team reviews the data that are received from 
the State before the files are re-structured for HSIS purposes [Council 19911. 

In general, their reviews show that each State’s files are relatively complete and accurate. 
Specific problems that were identified-varied from State-to-State, many of which focused on 
variables considered non-essential for the expected uses of HSIS. Variables with significantly- 
high incompleteness included: 

1. Contributing factor, or cause of crash. 
2. Driver physical condition. 
3, Driver/occupant ejection. 
4. Safety equipment (one State did not enter this into the file because it was considered too 

unreliable). 

Inconsistencies occurred in the distributions of coded values for some of the key variables. 
These appear to be caused in many cases by changes in the design of the form. Both the addition 
and deletion of variables caused inconsistencies in reporting, when comparing the years before 
and after a change. Alteration in the code structure also caused inconsistencies in reporting, 
either because officers apparently continued to use old codes or misunderstood the new ones. In 
a few cases, the codes themselves created problems, especially when they were ambiguous or the 
alternatives were not mutually exclusive. 

Analysis of univariate distributions suggested several areas of inaccuracies. Most consistently 
cited problem variables were those dealing with driver physical condition (generally related to 
DUI), safety equipment usage (generally related to indication of seat-belt use), and classification 
of the crash, i.e., as rear-end, head-on, right angle, etc. 

Summary and conclusions from the error analysis. The analysis indicates that errors are 
occurring at a rate as high as 50 percent for some elements and approximately 6 percent of all 
elements studied. These errors often arise from missing data and are rarely being corrected. 
Even those States which pride themselves on substantial manual pre-editing, as well as auto- 
mated editing both online and in batch mode, did not correct the errors identified from this 
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cursory analysis. With perhaps the exception of errors in manner of collision and location 
relative to the road, one might argue that others are not critical to analyses of highway safety- 
data. However, that argument then questions the need for the element in the data base. 

Putting the argument for “need” aside, this analysis confirms that errors of both omission and 
inaccurate recording occur frequently on police crash reports. The number of errors and their 
source vary from Stateto State. No patterns could be discerned regarding elements more or less 
likely to be incorrect. Most significant of the errors, however, was the frequency with which ele- 
ments were not coded. The other important finding was that during data entry, many of the 
errors are not corrected even where missing values occurred. Most States are pressed to com- 
plete the recording of data in a timely manner and would not have the personnel and time avail- 
able for such a thorough review. Because a completely error-free file is not feasible, the collec- 
tors, managers and users are faced with making decisions about tradeoffs between quality of data 
and other considerations. 

. 
Collectiw and Manawe Tr affk Crash Da@ 

Initial Handling of the Crash 

The police crash report (PCR) represents the core source of safety data. It is the focus for this 
project on the cost of data collection. Figure 3 presents a diagram showing the process of 
collecting and managing PCR data. Issues related to costs and quality are presented following 
each section discussing aspects of collecting and managing traffic-crash data. 

Before any police involvement can occur relative to a crash, they must be made aware of its exis- 
tence. In most cases, a report of a crash is made to a public safety dispatch operat,ion by a citi- 
zen; in rare instances, the police may find the crash while on patrol. 

Police officers initially arriving at crash scenes have other duties to carry out prior to, as well as 
in conjunction with, crash-data collection. The first is to stabilize the scene. This may require 
controlling traffic, providing medical assistance to the injured, and summoning others to assist 
with or take over those tasks. 

After carrying out this initial assessment, the officer must determine how (or if) the crash is to be 
reported. If the damage is below the jurisdiction’s reporting threshold, the officer will advise the 
involved parties as to their responsibilities. In other instances, the first arriving officer may 
determine that specialists will be needed because of the circumstances of the particular crash. 
They also may do preliminary data collection, or may elect to leave all such activity to the spe- 
cialists. 
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Even if a report will be 
needed, the initial 
responding officer may 
continue to manage the scene 
including controlling the 
flow of other responders, 
traffic, and bystanders. He 
also will assist and complete 
administrative activities such 
as advising involved parties 
of their rights and 
responsibilities. As- 
signment of a civilian 
investigator can start 
the process of data 
collection earlier. 

The majority of the 
non-data collection 
activities take place 
prior to most data 
collection and 
reporting, but some are 
concurrent. An officer 
who is directing traffic 
can observe facts about 
the accident scene and 

*“ppl.m.ntPy COLLECTloN AND 
.up.?vhJy “.“I.W RLPORTINO 
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vehicles that will be recorded later. Similarly, 
discussions with EMS and tow personnel can provide information on persons or vehicle damage 
that will be recorded on the report form later. 

Cost issues. Costs involve personal and equipment needed for dispatch and response.’ Most of the 
costs derive from personnel time along with some attributed to use of equipment. In general, 
however, these activities are not attributable to safety-data collection and recording. 

’ Note: In many jurisdictions minor crashes are reported at police facilities rather than in the field. 
These instances usually involve a desk officer or clerk filling out the crash report form based on informa- 
tion provided by involved parties. For these cases, costs are limited to the time needed to ascertain basic 
crash facts and till out the report form. 
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Oualitv issues, Because management of the scene does not involve data collection, quality is not a 
direct issue here. However, in managing the scene, the officers involved must often use judgment as 
to the importance of preserving marks, debris, and position of vehicles and persons involved in the 
crash. Also, the degree to which the officer is prepared and able to make mental notes about the 
crash scene while assessing and managing it, will increase the likelihood of quick and accurate 
reporting of the crash. Rapid response is important to arrive before potentially useful items of 
evidence can be lost or destroyed. 

Data Collection at the Scene 

Drivers and others persons. Information from and about people is an important and 
time-consuming part of data collection. It involves acquiring and recording elements which fall 
into two categories: general descriptors and crash-related facts. General descriptors include: 
personal identifiers, addresses, and individual attributes, e.g., age, physical characteristics, and 
sex. Crash-related facts include any information about the drivers, occupants, and other involved 
persons. They will include determining facts and obtaining opinions regarding events and 
a&ions of involved parties. Also included is initial determination of injuries, although the 
reporting officer may change the level of severity after a later visit to the hospital. 

Cost issueg. In a complex crash, the officer may take a significant amount of time to locate the 
involved parties, including witnesses. The recording of names, addresses, telephone numbers, and - 
other identifiers consumes a major part of the time spent upon data collection. Most of these are not 
considered safety data. However, completion of a narrative, and to a lesser extent, a diagram, is 
usually based upon information gleaned from talking with involved parties. Some State-level data 
management depend upon the narrative and diagram to provide the data. The officer also may 
perform tests and prepare citations. While these are data which may be useful in a safety-informa- 
tion system, the tests are being performed for law enforcement purposes. Only the cost of acquiring 
test results and entering them into the safety data base should be counted. 

Oualitv issues. The most common problem is inaccurate coding of injury. A crash may be consid- 
ered severe if a person is transported by ambulance even where only a “complaint of injury” occurs. 
In addition, the narrative and diagram often lack accuracy and precision because the officer sees their 
use in a different light (case management) than does the safety community. 

Involved traffic units. Data elements are needed for each involved vehicle. As with informa- 
tion about involved people, the traf3ic unit elements can be separated into two categories, general 
descriptors and crash-related facts. The general descript&s include attributes about the vehicle; 
crash-related facts refer to damage, pre-crash elements, and maneuvers. The process involves 
recording data from a registration document and the vehicle itself, in addition to information 
obtained from drivers, passengers, and witnesses. 

Cost issues. The major effort involved in recording these data is associated with identifying the 
attributes of the vehicle and describing damage. The officer may be asked to record make, model, 
vehicle type, color, registration data and the Vehicle Identification Number (VIN). Damage and 
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vehicle condition descriptions must be entered based upon the officer’s inspection of the involved 
vehicles. All this effort can use a significant amount of time. 

Oualitv issues. Incorrect recording of the VIN is a significant problem. Officers are also not 
adequately trained to make good judgments on how to classify damage to the vehicles or identify 
equipment violations. Further, most PCR’s are not well formatted to capture equipment defects or 
information about the vehicle and its damage. An exception is the federally mandated commercial- 
vehicle reporting standards, developed by the National Governor’s Association WGA Elements], 
which are beginning to appear as States up-date their crash reports. 

Roadway environment. Data elements are collected on both permanent and temporary 
environmental conditions. This includes both highway features and weather-related conditions. 
Many of the roadway items are observable directly by the reporting officer while approaching the 
scene, and immediately upon arrival. An item, such as the functioning of traffic control devices, 
usually must be actively sought after initial handling of the crash. 

Cost issues. Most of the data are usually entered by checking appropriate boxes. This aspect of the 
data collection usually does not involve a significant amount of officer time. 

. , uallty Issues. There is evidence that officers do not do an accurate job of recording the basic 
roadway data. Furthermore, the data requested on the PCR is generally highly qualitative and not of _ 
sufficient detail to support many analyses. 

Observe, note, and measure elements related to the crash. In some cases, the officer may 
need to note information that will be useful for later crash reconstruction or independent 
determination of the sequence of events of the crash for identifying and locating: types of debris, 
tire and other marks, e.g. gouges, and pools or trails of vehicular fluids. The officer or specialist 
may need to take pictures of the traffic units involved, and measure their positions, as well as the 
positions of debris and markings. Often these data are taken only when a serious injury has 
occurred or other potential need for accident reconstruction may be present. The proper 
collection of measurements and photographs often requires special training; therefore, it may 
.require a specialist to be at the scene of the crash. 

Cost issues. Most of the data are acquired when criminal or civil litigation is expected, The data 
rarely are added to the safety data base. Therefore, the costs should not be applied to collecting 
safety data. 

QJ&Q issue%. Use of a specially trained individual to identify and interpret the marks and debris 
associated with a given crash usually enhances quality as opposed to those obtained by a patrol 
officer. 

Post-scene activities. For many traffic crashes, the reporting officer completes all tasks and 
forms prior to leaving the scene. He may also complete reports at a nearby off-road location. In 
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some cases, information will be collected away from the crash scene or through return visits to 
the scene. 

The most common need for off-scene data collection arises when crash-involved persons are 
taken to hospitals before the police can take statements from them. In this case, the officer will 
travel to the hospital, but may try to talk to the person by telephone. For serious crashes, the 
police may take witness (and suspected-offender) statements in a controlled situation, such as a 
police station, rather than at the scene. When detailed examinations of traffic units are needed, 
these too will be done at off-scene locations, such as a salvage yard. 

Although increasingly uncommon, some jurisdictions require that all reports be typewritten, 
Therefore, an officer would complete only field notes at the scene and then type the report at a 
plater time. It is more common for officers to recopy (or type) the accident report form for serious 
accidents where litigation is likely. 

Cost iw. Significant amounts of officer time can be devoted to post-scene data collection and 
reporting. Most of the costs can be ascribed to case management rather than handling safety data. 

Oualitv issues. Other than taking statements at a hospital, post-scene data collection is usually 
carried out by a specialist. The quality of reporting is high. 

Law enforcement agency review and processing. The officer will submit completed PCR’s to 
the immediate supervisor at the end of the shift, or at some other specified interval. The 
immediate supervisor and then higher level management may review the PCR for completeness, 
consistency, accuracy, etc., for both case management and safety-data collection. Errors in the 
PCR may be modified by the reviewer (with or without consultation with the submitting officer) 
or returned to the submitting officer for additions or corrections. Review practices vary from 
almost non-existent (especially in larger urban police agencies where no traffic unit exists) to 
careful scrutiny and quality control especially where an exemplary traffic unit is in operation. 

Cost issues. While the unit cost of personnel time to perform the review functions is usually higher 

than that of the officer, the aniount of time involved per PCR is small, so that the added cost is a 
small proportion of the total. 

ISSUE. The care given to quality of safety-data collection at this stage of the operation can 
potentially have a major impact on the overall quality of the data in the information system. This is 
not just because of the importance of correcting errors at a point nearest to the source of the report, it 
also creates a message for the officer about the departmental interest in quality for this aspect of the 
officer’s job. 

Circumstances affecting data collection time 
Number of involved vehicles & persons. The single variable that appears to have the 

greatest impact on the time expended for safety-data collection and reporting is the number of 
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vehicles involved in the crash. Each additional vehicle involved requires the investigating officer 
to record another set of vehicle descriptors. Increasing the number of involved persons, such as 
occupants, also increases reporting time. 

Tvpe of Vehicles. The involvement of a commercial vehicle can significantly increase the 
time spent on the scene. However, data obtained generally are not safety related. 

As the severity of the crash increase, particularly for fatal crashes, officer time Severity. 
involved in reporting a crash can increase dramatically. Most officers recognize the increasing 
probability of litigation as crash severity increases and will more carefully record more detail in 
their investigation. 

Hit-and-run crashes. Crashes where one or more ‘drivers leave the scene can result in major 
time expenditures for police officers. As with severe crashes, time spent at the scene generally is 
attributable to case management rather than collection of safety data. 

Other circumstances. In addition to the circumstances specifically described above, which 
can significantly affect crash reporting time, other spurious conditions that can also affect offker 
time. An example of this is adverse weather conditions. In some cases, police stop investigating 
all but the most serious crashes. . 

Local Processing of Crash Data 

Originating law enforcement agency. Processing by the law enforcement agency originating 
the PCR may involve data entry, copying, or image processing of the form both for distribution 
to, or access by, other agencies, and for transmittal to other agencies, both at the State and local 
level; Data are then stored and maintained for the use of the agency or other units of local 
government. Hard copy of the form may be maintained for a period then microfilmed. At .least 
one State has begun to use local agencies for direct entry of data into the State’s data base to 
eliminate duplication of entry at the local and State levels. If data entry occurs, generally there 
will be editing at the local level. 

Processing by others. Even though a local enforcement agency may maintain an automated 
data base of the PCR’s it originates, other local agencies such as engineering often will maintain 
their own file based on the PCR’s. This usually occurs because the system operated by the 
enforcement agency is not readily accessible to the other local agency and may not readily 
support the different use intended by the other agency. 

. Although costs occur in managing crash data at the local level, they duplicate those efforts 
performed at the state level. Therefore, the costs are not included in the model. 
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Processing by the State 

Initial State processing. Copies of the PCR are transmitted usually via US mail to the State 
agency having official responsibility for maintaining PCR tiles. Receiving clerks usually will 
sort the PCR’s into groups to fit the nature of the state-agency’s process. Initial processing will 
include matching of PCR’s with other sources of information on the crash, primarily citizen 
reports where they are required by the State. Scannable forms require significant attention to 
assure that the form is not bent, wrinkle, stapled, etc., to prevent jams to the scanner or a high 
proportions of rejections. Computer-developed forms may have been uploaded, or may arrive on 
disk. In some States, local communities already are widely using computer-based forms and 
compatible data base systems. Unfortunately, some States are not able to accept the electronic 
forms, thus requiring the originating agencies to submit hard copy of the electronic report. 

The initial processing also can include manual editing of the PCR’s. Some States will assign 
skilled personnel to conduct a thorough review of the form at this stage with corrections made 
based upon evidence gleaned from the entire report. 

Forms management also usually occurs. This can include establishment of batches, with 
associated batch controls, photocopying or image processing. The point at which the PCR is 
imaged, if at all, tends to occur either at the outset of the process or at its completion. 

Cost issues. Most obvious of the cost issues is the duplication of data management that occurs at the 
State and local levels. The lack of systems integration results in redundant processes being 
performed. Also, where significant editing is involved at this stage it is labor-intensive. 

Oualitv issues. The quality of data entering a crash data base primarily is affected by the editing and 
correction performed at this stage. Manual editing can be successful because the reviewer has access 
to the narrative and diagram to assess the accuracy of other entries which is not possible yet with 
automated editing routines. At least one State has found that, the use of local data entry for state 
databases has improved quality because the entry operator has ready access to the originating officer 
and does not hesitate to interact. 

The point at which imaging is done can affect quality of information, when the PCR is later 
referenced, as is often done for site-specific analyses. If the report is imaged before editing and 
correction, a person reviewing the image may not see the results of the corrections. Where corrected, 
or supplemental, reports are filed, most systems have procedures to link the corrected report to the 
original one. 

State data entry and edit. Many variations exist among the States of how this part of the 
process operates. Some States will create an initial or skeletal record completing it at a later 
point of the process. Others separate the coding and entry activities, so that each is performed by 
a different group; some have only one point in the process at which coding and entry occur 
assigning the task to one person. In a few cases different agencies will do coding and entry of 
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different parts of the form into the same data base. For example, one State system creates an 
initial entry when the motor vehicle administration agency enters driver and vehicle data. The 
form then goes to the department of transportation (DOT) for location coding and entry of other 
crash facts. One State has a control group through which each PCR must pass at each stage of 
processing. The report moves between groups of one kind or another at least seven times while 
being processed. 

Manual location-coding is often done by a separate group because of the special knowledge and 
skills required. Location coding is most often done by the group in the DOT most directly 
responsible for maintaining a highway inventory. At least two States use prison labor for 
location coding. Some States are performing location coding assisted by automated systems. 

The manner for coding of crash facts is highly varied, and depends somewhat upon the design of 
the PCR. Some States will employ highly skilled coders who will interpret the narrative and 
diagram, along with other data on the form, to establish codes for many elements not appearing 
on the form. Many States are tending to move away from this, using a PCR designed to have the 
officer do the coding on the report. A scannable or optical mark sensitive (OMR) form can 
eliminate the need for some manual data entry, but still involves significant entry of identifiers 
and similar items that can not use OMR. While one State is using optical character recognition 
(OCR) and OMR for its statewide EMS run sheet, this is in the experimental stage. - 

Some States are linked in real time with files from their motor vehicle administration agency. 
These will serve as sources for entering data about persons and vehicles. Use of this linkage 
reduces the number of entries made from the PCR. In a few States, linkage is two ways. The 
crash record links to data from driver and roadway files, and provides a record of the crash to 
these two files. 

A few States provide no verification at data entry. On the other hand, many use both an on-line 
edit system and a batch edit, the latter being performed at the point when the dati base is to be 
updated. 

The federally mandated Fatal Accident Reporting System (FARS) operation usually requires 
special handling of fatal crashes. Data entry for fatal crashes ranges from uncoordinated opera- 
tions to a FARS unit which handles all data entry. 

Cost issueg . A host of cost issues are associated with data management. Most systems involve more 
than one agency in the process. In the case of location coding, some States were moving crash 
reports back and forth between agencies. The inefficiencies of the movement and attendant controls 
are clear. There are similar problems with multiple data-entry points. On-the other hand, linkages 
with driver and vehicle data bases creates efficiencies in data entry. 
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Manual location coding is another labor intensive effort. Several States have, or are automating this. 
However, where automation has been implemented, many rejected reports occur because of 
inadequate description of the location by the reporting officer. 

The cost of developing and maintaining a modern data base management system for a crash data 
base can be significant. The States visited that had modern systems, experienced costs of several 
million dollars for development and implementation. The cost-effectiveness of these systems is 
accepted, but not well documented. As personal computers, and associated software are adopted, the 
development costs of entry and edit routines may be significantly reduced. 

The use of automated forms can significantly reduce costs. OCR and OMR forms may involve 
special handling before being scanned. On the other hand, they result in the need for significantly 
less data-entry staff compared with traditional forms. OMR forms will continue to require special 
handling that use of OCR can eliminate. 

. . ualltv Issues. While much can be done to improve quality during data collection, the process’ing 
aspect of the operation is the key point for maintaining quality control. Important aspects of quality 
control can occur during manual editing, coding, data entry, and post entry. A variety of manual and 
automated techniques are used. Most States employ on-line and batch edit routines. These routines 
seem to be the single-most quality-assurance technique of any employed by the States; however, 
most of the local agencies with whom the project team spoke, were not familiar with what was being 
checked. A few States share the error reports with the submitting agencies either directly or through - 
periodic visits. 

Once errors have been identified, they must be corrected properly to make the effort effective. In 
some States, the corrections were often based upon coder opinion; other States were able to be 
contact the originating agency. However, limited resources sometimes prevented States from 
pursuing corrections to data elements not considered “critical.” A couple of States do have aggres- 
sive quality-assurance programs in effect. 

As noted, local da&entry is believed to increase quality. Use of computer-based reporting allows 
on-line edits to occur in the field. The officer is then forced to make a correct entrjl to the extent that 
the computer program is able to build in safeguards. 

Another aspect of data quality is lack of timeliness. A fairly common problem among States is the 
extended time required from the moment of the crash to the point when the data are available to 
users in the system. Delays may occur because of personnel shortages, or the process, or both. In 
one State, the processing for the financial responsibility Tequirements had to be completed before 
entry could proceed greatly delaying progress. In another State, limited staff and an ineffIcient 
handling system with multiple changes of hands resulted in significant backlogs. 

Use of automated data-entry methods (e.g., OCR, OMR, and computer disk), while offering potential 
cost savings, can have a negative impact on quality. If the PCR is subject to less manual or 
automated review and edit, the likelihoqd of errors getting into the record can increase. This may 
also be true, to a lesser extent, as more reliance is made on officer self-coding. 
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Storage and maintenance. The final step in the safety-data management involves the conver- 
sion of the entered data into system tiles for maintenance and processing. If a record has passed 
the required batch editing, it will be formatted and added to the data base. The rest of this 
process involves ongoing maintenance of both the files and the system within which the files are 
housed. Most States that were visited maintain 3 to 4 years of data on the computer system. 
Some maintained data on-line for longer periods. Almost all maintained data in tape format for 
at least 10 years. 

Cost iSSUes. A Cost consideration for this aspect of the process involves the amount of data stored 
and the length of time it is stored and maintained. While these costs are small compared to other 
aspects of the process, they are often under scrutiny by the management information systems (MIS) 
operations involved. Further, the cost of maintaining a data base can be affected by its design. 
Modern relational data bases are generally more flexible than the older flat-file designs. Further- 
more, software development for the newer data bases can be done more efficiently. Similarly, 
personal computer and workstation systems can be more easily modified than mainframe systems. 

Oualitv issues. The primary quality issue apparent here is the accessibility of the data. As the dam 
are stored and maintained, the manner of storage affects accessibility, and therefore, the timeliness 
with which the data are available. 

Data-Quality Assessment 

While quality control procedures may be employed during data collection and management, 
some states have identified a need to monitor the effectiveness of those procedures and make 
appropriate changes to overcome problems noted. This quality assurance is not widely per- 
formed among the States visited. However, one State had a comprehensive program which 
included a regular analysis of the crash file to determine the integrity of the data being stored in 
the system. The results of the analyses allowed the state to provide feedback to those completing 
the crash reports, as well as to plan changes in the editing and correction procedures. The 
effectiveness of the feedback has not been evaluated. 

Cost issue& The State performing the quality-assurance program has a dedicated data-integrity team 
consisting of three programmers and an assistant. This group produces error-checking reports on a 
monthly, semi-annual, and annual basis. This effort, however, can be costly. 

Qualitv issuq. The use of data-quality assessments at the back end of the data management has 
proven useful. A balance must be found between stringent control of quality and timeliness of data 
entry. 
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Roadwav Inventorv Data 

Review of Roadway Inventory Processes 

While the primary focus of project was on the police crash report, significant attention also was 
given to roadway inventory data as a source for highway-safety analyses. Interviews were 
conducted with managers of roadway inventory systems in several States visited as part of pro- 
ject. The purpose was to document the process for collecting and managing the data, as well as 
to identify data-quality issues. The process that was documented is shown in a generic form in 
figure 4, parts of which are discussed in more detail below. 

Data that often appear as part of a roadway inventory system may be divided into roadway- 
specific measurements and attributes. The extent of the network for which an inventory was 
maintained varied considerably from State-to-State. Most focused attention on the State’s 
Interstate and primary highways. Some States maintained two levels of detail, thus including 
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mit applications, work orders, as-built plans, construction drawings, and newspaper articles. 

Two States studied, however, operate a regular field data-collection program for updating their 
roadway inventory. Crews in a vehicle are equipped with measuring devices and a portable com- 
puter. In one State, a single crew covers 9,000 Interstate and principal highways on a 4-year 
cycle. In the other State, vans are available in each district for district crews to cover 41,000 
miles of State-maintained roads on a S-year cycle. The computer is used to refer to the existing 
roadway inventory file for comparison of what is seen in the field. The field crew will enter 
changes as they move along the road, stopping as necessary to make measurements. The results 
of the field work are stored on disks which are uploaded to the mainframe system and analyzed. 
In one of the States, if there are major deviations from past records, a crew will be sent out from 
the central office to validate the record. 

Many of the States use photologs. Two that were visited do not have a photolog program 
primarily because of the cost involved. Older systems are being converted from film to video 
disc. One State was using video cameras in the field. Another State included an instrumentation 
package in their photolog vehicle, so that quantitative data could be recorded on the image. 
These included altitude and attitude of the vehicle. 

Oualitv issues. The specific methods and procedures used have a varied impact upon the quality, 
especially accuracy and completeness. Those States that depended upon district offices almost 
exclusively, not only for the data but for quality control, seemed to have the greatest problem with 
maintaining a quality data base. 

In general, photolog operations seem to be handled independently of the roadway inventory. Using 
photolog data as a source for inventory updates does not seem to be widely practiced, but does exist. 
The integration of photolog activities and roadway inventory could result in improved quality. 

The roadway inventory data elements that are collected vary somewhat from State-to-State, but not 
significantly, unless special-purpose tiles are created. The collection of data regarding longitudinal 
geometics, i.e., horizontal and vertical alignment, is the content-area of greatest weakness in most 
systems. Many do not capture any longitudinal geometries. Some will use construction plans and 
as-built drawings, One State is experimenting with the use of data from gyroscopes and altimeters in 
an instrumented photolog-vehicle to derive curvature and cross slope. Most State systems focus only 
on primary State highways. This narrow coverage limits the usefulness of the system for 
comprehensive safety-analyses. 

The currency and nature of traffic data is another matter of concern. While some States have fully 
integrated traffic volumes into the inventory system, others have weakly linked data which are 
derived more from an ad-hoc effort than from a comprehensive statewide-effort 

The State systems studied varied significantly in the types of roadways covered. Most State systems 
focus only on primary State highways. This narrow coverage limits the usefulness of the system for 
comprehensive safety-analyses. 
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Data Preparation, Edit, and Entry 

Several of the States that were visited, process inventory-update forms submitted by district 
offices to a central office. The process at the central office includes reviewing the data in the 
forms, making corrections as possible, and contacting the submitter to resolve problems. It also 
involves coding the data for entry. In some cases, the district is responsible for data preparation 
and entry. Few States have sophisticated editing programs. 

One State used the photolog as a source of some inventory data. They overlay grids on the 
photolog images to take the desired measurements. 

Ouality issues. Data receive combinations of manual and automated edits. These are critical to the 
quality of the file. For instance, remote entry from inexperienced, infrequent users can create errors 
which must be trapped. Review at the central office by experienced personnel would seem to be an 
important aspect of quality control. Leaving review and edit at the district level can lead to 
inconsistencies between districts, unless there is a strong on-line edit involved, or the central office is 
actively monitoring the submittal of the various districts. 

File Linkages and Updating 

When records are updated, or new ones entered, they generally are placed in a temporary file for 
a later batch-update. In several cases, the batch update also includes edit checks. In such cases, 
rejected records are listed with the errors and the central office works to resolve these. In one 
State, if the remote entry meets the edit criteria, the record is immediately updated. Another 
State requires any deviation greater than 6.1 m on the location of an item already in the record to 
be checked in the field. 

Several States download traffic and crash data from other data bases into the roadway inventory. 
Linkage is either accomplished electronically or by tape transfer. Traffic data primarily are 
limited to ADT. These data are usually derived from the State’s regular traffic census, generally 
conducted by the State highway planning agency and residing in one of its highway-needs data 
bases. In some of the States, data from the roadway inventory also is downloaded to the crash 
file. 

. . m . When data are acquired via’linkage the quality of those data are often not subject to 
controls of the acquiring agency. When an interdependency exists, an organizational link is needed 
to allow for resolution of problems and quality assurance. 

The proliferation of “specialized” inventory files, e.g., guardrails, traffic control device, can be 
symptomatic of outdated data base systems. Lack of flexibility to modify data base structure, 
coupled with difficulty the end-users may be having accessing the data, lead to the development of 
independent data bases. This practice can lead to inadequate or inconsistent quality controls, 
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inefficiencies, and restricted benefits being derived, although modem data base management and 
access systems have overcome this problem. 

Assessment of the Quality of Roadway-Inventory Systems 

The site visits made as part of this project did not include specific activities to measure the 
quality of roadway inventory systems. However, a good source of insight on this is available 
through the HSIS operated under contract by the Federal Highway Administration. The user 
manuals produced for the system include an assessment of the files in the system which include 
roadway-inventory data from five States. The five States are not representative of the status of 
systems in the U.S. Rather, they tend to represent the exemplary systems, especially from the 
perspective of having good-quality data, which allows linkages to be made between crash and 
roadway data. 

The analyses of the roadway inventory tiles done for IBIS, were limited to what could be ’ 
derived from the files themselves rather than direct observations and measurements. However, 
the analysis showed these states’ inventory systems were well-maintained and generally of high 
quality for the data represented. 

Although direct measurement of accuracy and consistency was not usually reported in the HSIS _ 
manuals, the general level of accuracy was. In general, a high degree of accuracy was found 
when distributions of variables were compared for related variables within a State, and the same 
variables between States. On the other hand, one State (not in HSIS) that was visited by the 
project team, had done its own study of data accuracy and found that almost half the data 
elements in the inventory fields were in error. This had led the State to institute a comprehensive 
quality assurance program which had reduced errors to below 10 percent. 

Precision was not directly addressed except for location coding. Features having some length 
sometimes were not coded to beginning and end points. Midpoints were use instead, rendering 
precise relationships, e.g., between crashes and roadway curvature, difficult if not impossible to 
perform. In some State files, interchanges were not adequately accounted for making it 
extremely difficult to identify them for focused analyses. 

Most States believe their files to be fairly complete. Instances were found, however, where a 
field was left uncoded (blank) because the feature was not present, instead of indicating lack of 
presence with a zero. In some other cases, blank fields appeared where they had specific 
meanings, even though they were not meant to give that meaning. In a few cases and with a few 
variables, incompleteness appeared to be a problem. In one State, speed limit was not coded for 
41 percent of the mileage. In another State almost none of the records had an entry in the field 
for design speed. Where fields existed for longitudinal data, most of the values were missing. In 
one State, horizontal and vertical curve data appeared only if it was considered sub-standard. 
Files from another State showed some lengths along links longer than the links themselves. 
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Coverage is generally limited to State-maintained highways, principally the high-level ones, 
Mileage for which a full-featured inventory is maintained generally ranges from 9,000 to 15,000. 
However, one State keeps comprehensive inventories on 4 1,000 miles of state-maintained roads, 
Many of the States keep limited inventory data on secondary and municipal segments as well. 
As the requirements of recent federal legislation take affect, this probably will change. 

In summary, roadway-inventory systems seem to be given more attention in the last few years, 
prompted by the antiquity of the current systems, the advances of technology, and the 
requirements of recent Federal legislation. Major improvements are being considered in several 
of the States contacted. The data maintained on these systems were found to be adequate for 
many safety analysis purposes, with the following limitations: 

1. Data collected from a widely-divergent group of district personnel. 
2. Limited quality-control. 
3. Limited content, either because key longitudinal-variables were not included, or the 

values of some of the variables had not been entered in most of the records. 
4. Lack of timely data in the file, and The file may not be up-to-date. 
5. A lack of history of highway changes which allows multiple-year analysis of safety 

issues. 

. Crash-Rel&d M.edlcal Daa 

From a societal perspective, obtaining accurate information regarding injuries is among the more 
important data collection tasks in the investigation and reporting of traffic crashes. Most sig- 
nificant costs associated with crashes are medical expenses and lost productivity due to crash- 
incurred injuries. 

The medical data referenced above are post-crush data. Another, often overlooked aspect of 
crash-related medical data is the medical condition of crash-involved parties prior to the crash. 
(In this context, the term “pre-crash medical condition” is used in a general sense to refer to the 
complete intrinsic physical, mental and emotional state of the involved parties just prior to the 
crash, not just those parties’ basic physical situation.) When assessing’the role of medical data in 
traffic crashes, both pre-crash and crash-produced conditions need to be included. 

Data Collection and Management 

Pre-crash medical data. For almost all circumstances, there is only a single source of readily 
accessible pre-crash medical condition data, the police crash report. In some States the only pre- 
crash medical data collected relate to driver/pedestrian sobriety; others, however, ask the 
reporting officer to indicate pre-crash medical condition more generally. These crash report 
forms usually have an area marked “driver condition” where the officer has a set of listed 
conditions that can be indicated such as shown in table 2 1. 
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Table 21 
Pre-Crash Physiological 

Elements 
recorded in two places, one focusing on condition and the other 
on legal impairment. The collection of pre-crash medical 
information rests almost entirely on the police officer who 
completes the crash report. 

physical disabilities 
previous injuries 
fatigue/sleepiness 
emotional upset 
age 

Terms often are not well defined, and the officer given no illness 
instruction as to whether these conditions are to be recorded any alcohol or drug presence 

time they are present or only when they are factors in the crash. alcohol or drug impairment 

For example, a person could be missing a limb and be stopped 
legally at a traffic signal when another vehicle crashes into 
‘them. That person would clearly have a disability, but clearly that disability was not a factor in 
this crash scenario, Based on what the project team learned during interviews, most officers 
would enter the “driver disability” condition for this scenario. Also, officers are seldom given 
instructions as to how to record situations where more than more than one condition is present. 

Often, impairment as defined legally, i.e. driving under the in- 
fluence of alcohol or other drugs, is recorded in a separate area 
from “medical condition,” or sometimes that information is 

Some pre-crash medical data may be located in hospital records systems. For some emergency 
department treatments, and in almost all cases if a patient is to be admitted to the hospital, 
toxicology screening will be conducted. While notations as to drug or alcohol presence (and 
possibly other conditions as well) may be noted on the patient record, there is little evidence that 
such information is routinely or systematically included in any hospital data bases. 

Management of pre-crash driver medical information data rests mostly at the State level. 
Because the pre-crash condition is usually an objective item, data entry usually is straightforward 
and little interpretation of this item is possible. 

Injury severity. In almost all instances, medical data relating to crash severity comes from the 
police crash report form. Generally, the reporting officer assigns an injury category to each 
involved party and the crash is categorized based on the most severe injury recorded. The most 
commonly used crash-injury reporting scheme (recommended by both ANSI and CXDRE) uses 
five injury categories as defined in table 22.* 

2 Injury codes are rarely revised in either State or local data bases with the exception of an 
involved party’s death. If a party dies in a specified time after the crash, usually 30 days, the crash record 
will be revised to indicate the fatality. 
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Some States go beyond reporting overall injury 
severity and require officers to indicate body 
regions that are injured and separately indicate / 
injury severity for each body area. Other States 
classify injuries only as minor or severe. K - Dead at the scene or before the report was 

completed. 

In most cases, the reporting officer will classify 
injuries based on his interpretation of what the 
injury looks like or on an involved party’s claim of 
a non-visible injury. The “look” of an injury can 
often be quite deceiving, easily resulting in mis- 
classification. 

A- Incapacitating injury 

B- Non-incapacitating visible injury 

C - Reported non-visible injury 

0 - No apparent injuries 

Police officers often will ask medical personnel for their opinion as to injury severity. Most 
often, these medical personnel will be emergency medical technicians (EMT’s) called to the 
scene of the crash. The police officer’s seeking of advice as to medical condition is informal and 
usually consists of simply asking how severe the injuries appear. If the police officer goes to the 
hospital to interview the crash-injured party, a similar question may be posed to doctors and 
nurses there. The final decision as to classifying injury severity is, in any case, the police 
officer’s. 

A flow chart depicting the collection, recording and storage of all data from the medical 
community can be found in figure 5 Unlike pre-crash medical information, however, there are 
other sources of crash severity information. All medical personnel who treat crash-involved 
parties keep records of some nature. However, these records are usually for case-specific 
purposes and the data contained therein are not usually accessible by other entities. 

The greatest potential source of crash injury information is probably through emergency medical 
service (EMS) providers. They usually will check and create a record for all crash-involved 
parties at the crash scene, whether they are claiming an injury then or not. However, most EMS 
records do not address overall injury-severity and consist mostly of narratives describing injury 
or illness. Relatively little objective information on injuries is collected by most EMS systems. 
Further, most States do not maintain a centralized EMS data base. 

Hospital emergency departments do collect and record more information on injury severity, but 
collect it only on persons who come or are brought to their facilities. Most hospitals have 
records systems that describe injuries and outcomes in detail, but for patient confidentiality 
reasons, these records are almost impossible for other entities to access. 

Collection and management of injury-severity information by the medical community is for 
purposes of case management and billings. Little aggregate information comes from the medical 
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community addressing crash 
injuries in any 
epidemiological manner other Ndihication a Dispatch 

than occasional special 
studies. 

Quality of Medical Data 

Pre-Crash medical data. 
When assessing the quality of 
pre-crash medical data by the 
six dimensions of quality 
already defined (accuracy, 
precision, completeness, 
coverage, timeliness and 
consistency), some of the 
dimensions are less relevant 
than others. It is not possible 
to assign values of coverage 
and timeliness to pre-crash 
medical data because pre- 
crash medical information is 
a field on the police crash 
report form and has the same 

r-l 
. 

Edit Report and Enter 
inlo EMS Record 

degree of coverage and 
timeliness of other data on the Figure 5 
report form. Overview of Collecting and Managing Medical Data 

Accuracy is arguably the most important dimension of quality because it is vital to know if pre-crash 
medical condition was a factor in the crash. In most crashes, the information recorded for this 
category will be self-reported by the involved party and subject to bias, e.g. fatigue is believed to be 
a substantially under-reported crash factor. 

ComDletenw is, in most States, a simple matter to assess. Either the “condition box” is completed 
or it is not. If a reporting offker failed to complete this section and the report reviewer failed to 
notice the omission, it is probable that “condition” would be either a missing field or interpreted as 
“unknown” in the data record. Assessment of HSIS State files indicated that this is a significant 
problem [Council 19911. 

. . Prectm of pre-crash medical condition data is, in most states, a function-of the number of 
categories available to describe condition on the police crash report. Further, offkers are not trained 
sufficiently to provide precise diagnoses of injuries. 
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Consistencv of individual officers their interpretation of pre-crash medical condition is usually 
acceptable, but there is no simple method for assessing consistency across officers or agencies. 
Providing clear definitions of the condition options and following up with officer training and 
examples is the recommended approach for ensuring consistency. 

Injury severity. Researchers believe that injury severity information is among the least reliable 
data items found on the PCR, e.g. O’Day 1991. The reason for this is simple. Police are being 
asked to make assessments in areas where they have little if any training, and to record those 
assessments before the full extent of injuries are known. Furthermore the definitions used for 
injury severity levels are often misunderstood not only by the reporting officer, but by users of 
the data as well. Some states use less precise words such as “serious” or “severe” rather than 
“incapacitating” for the most severe non-fatal injury classification. 

Some agencies also assume that if persons have to be removed from the crash scene by 
ambulance, they are incapacitated. In an era of “precautionary medicine,” people whose injuries 
prove to be of no medical consequence are often transported to hospitals be ambulance “just to be 
sure.” Also, some injuries such as head and facial lacerations can look much more serious than 
they are. Conversely, some very serious injuries, e.g. internal injuries may not be visible. This 
emphasizes the problem with the traditional “KABCO” coding system. In general however, the 
police probably err on the side of overstating injury severity. This conclusion is based on project 
team experience, and views expressed by agency personnel during field site visits. 

Data collection by EMT’s usually does not call for objective categorization of injuries like the 
PCR. Typically, the EMT will record, in addition to personal identifiers and relevant medical 
history, patient vital signs, symptoms, complaints, and treatment given. Much of this recording 
is narrative in nature and is not readily transferable to objective coding. 

The most comprehensive system examined in the project, Milwaukee County, Wisconsin, does 
objectively code involved body parts for each injured person and a coded description of the 
injury. Even there, however, no specific indication of overall patient injury is provided. 

When crash-injured parties are taken to a hospital, specific recording of injury severity usually is 
done. Medical information usually is available in two hospital-oriented records systems. The 
first is the hospital trauma registry. All crash victims treated md admitted into the hospital are 
entered into the trauma registry. The registry will contain specific information on all injuries, 
and an Abbreviated Injury Scale (AIS) score for each injury. The AIS indicates the degree to 
which an injury threatens a person’s life, and, to a lesser extent, degree of incapacitation. 

, 

The other hospital-oriented system for determining injury severity is the so-called discharge 
code. This is a code, usually assigned by a medical records technician who reviews the patient’s 
record, that indicates very specific injuries, treatments, and long-term prognoses. The primary 
purpose of the discharge code is for medical insurance purposes. Reimbursement for treatment is 
based upon the discharge code-defined nature of the injury. 
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Cover-. Most crash-injured parties are probably never treated for that injury by a physician, 
Those treated are, to some extent, a self-selected group. While, the most severely injured are usually 
transported to medical facilities, in other cases only those who want to go are taken (or later go on 
their own). Several previous studies, e.g., Hauer and Hakkert [ 19881 have shown that police reports 
sometimes cannot be found for people treated at hospitals for crash-related injuries. Similarly, 
hospital reports cannot be found for people listed on the police crash report as having been 
transported to the hospital. 

Accuracv. This element is the most important dimension of quality. Appropriate classification of 
crashes by severity is important for assessing societal costs of those crashes. For severity based on 
the PCR, the information recorded for this category will be the officer’s best assessment of what he 
sees and hears. The reporting officer wiil almost always ask if the involved parties are injured in any 
way and, for potentially serious injuries, ask medical personnel for guidance as to classification. 

Some studies have compared police officer classification of injury severity with hospital severity 
information. In a recent study completed by the Northwestern University Traffic Institute [Orsay 
and Lucke 19931, a population of crash-injured drivers who were admitted to the hospital for their 
injuries was examined. Admission to the hospital is a good criterion for a severe injury since it 
implies a threat to life,, incapacitation, or both. Of this population, the police assigned the most 
serious injury category to 66 percent of the sample. Seventeen percent were reported to have a mod- 
erate injury, 13 percent a possible injury, and 4 percent no injury. Other similar studies [States 1990; 
Barancik and Fife 19851 have shown comparable (or worse) results. w 

Although medical mis-diagnoses are not unheard of, assessment of injury severity can be assumed to 
be accurate by medical professionals. The exception to this might be EMTs, but they rarely classify 
injuries by severity. Their focus is on field identification of medical problems and providing 
appropriate field treatment. 

mpleteness. Most States require the officer to indicate overall injury severity for the crash (based 
on the most severe injury to any party) and an injury code for ail drivers passengers, and pedestrians. 
(Some States require’passengers to be listed on the report form only if they are injured.) In these 
cases, either the appropriate sections are complete or they are not. Based upon conversations with 
personnel at sites visited, classiftcation of the crash based on severity is a data category that is 
unlikely to be omitted. Also;as discussed earlier, medical records from any source are usually 
complete in terms of describing injuries, but those records are sometimes still not sufficient for 
severity classification purposes. 

precision. The preciseness of severity data from police crash reports is, in most States, a function of 
the number of categories available to describe injuries. These categories range from description of 
overall injury as minor or severe to describing severity on a five or more element scale for each in- 
volved body part. 

Both trauma and discharge codes are precise. Trauma codes have a potential bias in that their focus 
is describing threat to life. People can have injuries that are permanently incapacitating but pose 
little threat to life. 
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EMS records systems. as mentioned before, generally are not precise in terms of classifying severity. 
Often, the only objective classification is a trauma score, which, like the hospital trauma registry AIS 
score, focuses on threat to life. 

Consistency. Individual officers are probably consistent with their interpretation of injury severity. 
However, inconsistencies may occur among officers, agencies and regions of the country. Clear, 
consistent definitions and training remains the recommended .approach for reducing inconsistency. 
Medical professional.must be assumed to be consistent with their classification of injury severity. 

Timeliness. Timeliness and coverage are issues when using other sources to acquire severity data, 
For data based upon hospital discharge codes, the patient must be discharged from the hospital. For 
most cases, this is not a problem since most treatment is only an emergency department visit or brief 
hospital stay. Prolonged hospital stays, however, would clearly affect the timely availability of this 
data item. Timeliness of dam from EMS and trauma registry systems would depend upon the nature 
of those systems and how quickly field dam were entered and output reports prepared. 

Cbsts of Collect-big Medical Data 

The cost of collecting pre-crash medical data is negligible. Providing that information almost 
always consists of only filling out one of the several boxes on the police crash report form. From 
the police perspective, the cost of collecting severity information is not much different from . 
collecting pre-crash medical information. It is also a matter of filling in the appropriate areas on 
the crash report form. 

Occasionally, the police offrcer will seek advice from the medical community in assessing 
severity. Police officers will often ask EMS personnel how serious a person’s injuries appear to 
be. If the officer needs to go to the hospital, the officer will ask doctors or nurses about the 
involved person’s condition. It would be unusual for a police officer to go to the hospital just to 
check on condition, however. Interviewing the person regarding the crash is usually the purpose 
of going to the hospital. 

From the medical perspective,.collecting and recording injury-severity information is done for 
medical purposes. As a result there is no cost that should be assigned,to crash-data collection. 
Costs may be incurred when attempts are made to link medical data with crash records. 

At present there are no known systems where any medical data are automatically linked to crash 
data. Where such linkages have been attempted, they have been for special studies. The most 
ambitious of these efforts is the CODES project currently being conducted by the National 
Highway Traffic Safety Administration. These projects are examining approaches for linking 

. crash-report data bases primarily with hospital discharge data bases using probabilistic software 
to link both files. Each CODES study exceeds several hundred thousands of dollars. 
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Summarv of Cost and Oualitv Issueg 

Most of the time associated with collecting data from traffic crashes are associated with 
managing the cases and providing information which can assist insurance companies with 
liability issues. A small portion of time is spent collecting safety data. As a result, most of the 
costs incurred by police and others are not,applicable to safety aspects. 

The time spent managing data were identified and are used to help develop costs. However, a 
critical element in the time spent relies on how agencies handle the crash reports after they 
receive them. Some systems are relatively streamlined and depend heavily upon computer 
assistance. Others, still require multiple manual processing and can be costly to operate. 

No attempt was made to identify costs for collecting roadway-inventory and crash-injury data. 
Although some of the data from both sources are included with the safety data base, most of the 
data collected are for purposes specific to each source. A number of issues related to quality also 
affect the usefulness of the roadway inventory. 

More critical to the use of data is their quality. Some of the States collecting data have taken 
steps to help improve the quality of data collected and entered into their systems. Most of this 
effort has emanated from the agencies responsible for managing the data. However, because - 
most of the quality rely upon the offker collecting data at the scene, there remains a high degree 
of variability in the quality of those data. Furthermore, some agencies are attempting to enhance 
the quality of their data through the use local data entry and linked systems. More importantly, 
however, is that issues of quality including accuracy, precision, consistency, and completeness 
remain to be resolved. 
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5. The Cost of Collecting and Managing Crash Data 

Computed costs for collecting and managing safety data provide a basis for cost-effectiveness 
evaluations and for establishing policy on sharing costs. Assessment of cost-effectiveness can 
be used to establish policies, review alternative strategies, and evaluate programs for improv- 
ing data collection and management. This chapter summarizes the development of and results 
from a model to estimate the cost of collecting and managing data from police crash reports. 
Specific objectives of this effort include: 

1. Estimating the unit cost of collecting and managing safety data associated with a crash, 
and 

2. Estimating national costs associated with safety-data collection and management 

Assumptiolls 

Two basic questions apply when determining whether a cost should be allocated to safety-data - 
collection and management: 

1. Is the cost associated with safety data, and (given a “yes” answer to the first question) 

2. If safety-data collection were not being done, would the activity occur anyway? 

As the research uncovered, many of the costs are related to case management not the handling 
of safety data, and therefore the answer to the first question is “no.” A “yes” answer to the 
second question indicates that the costs associated with the activity are “sunk costs.” Even 
when safety data were collected, the activity would have been performed regardless; therefore, 
t,he costs would have been incurred. 

Instead of a strict accounting of costs allocated over multiple operations in an organization, an 
alternative approach was used. It estimates the personnel time involved in the collection and 
management of safety data and calculates costs using salary, employee-benefit and indirect- 
cost rates. While this avoids a costly accounting study, it can introduce errors because the 
indirect-cost rate can include agency expenditures not all applicable to safety data but which 
are not feasible to separate, e.g. the cost of a crime laboratory. A rate was derived which 

,excludes, to the extent possible, these potential inaccuracies. 

The approach being taken for this study also has implications for how to treat costs associated 
with the alternative safety-data sources to the PCR. Using the rule of sunk costs just enumer- 
ated, expenses related to collecting and managing data for an alternate source are not included 
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unless those data were collected specifically for that source. Furthermore, costs for all 
sources must be reduced to the extent that fees are collected for the data, e.g. copies of crash 
reports. 

Applicable Cost Studies from L&E&UP 

The highway-safety literature has little to offer on the subject of estimating the cost of safety- 
data collection and management. Initial contact with individual states regarding cost 
experience also was not productive. One state conducted an analysis of costs associated with 
processing crash data (Kelsh, Heitzler, and Rauth 1984). The report contained a significant 
discussion regarding the duplication in the handling of crash reports. Six different groups ” 
within the state managed the reports, often duplicating the processes of each other. Costs 
were estimated for each of these units of government. The results are shown in table 23. 

. . 
Table 23 

Previous Estimates of CSash Data Collection and Management Costs 
Comparative Summary of Annual mh Data 
Pmcessing Costs for All Agencies (Virginia) 

Adapted from Kelsh, Heitzler & Rauth (1984) 
VDH&T = Virginia Department of Highways & Transportation 
DMV = Department of Motor Vehicles 
DSP = Department of State Police 
VHTRC = Virginia Highway and Transportation Research Council 
VDTS = Virginia Department of Transportation Safety 
OPTS = Office of Pupil Transportation Safety 

Other state studies have identified similar redundancies in data management. A CCSRS 
design study conducted for the State of Illinois (Illinois Department of Transportation 1988) 
recommended eliminating redundant entry of crash data by three different agencies at the state 
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level, plus additional handling at the local level. A recent paper (Bozack 1991) summarizes a 
similar problem in the state of Maryland, where nine different agencies were managing data 
from the PCR. 

Miller, et al. (1991) includes estimates of 
the cost of police response to traffic crash- 
es and compares them with an earlier 
NHTSA (1983) estimate. These are shown 
in table 24. The values derived by Miller 
were based upon at-scene time estimates 
provided from a survey of five urban po- 
lice departments and five state police agen- 
cies, each having an automated dispatch 
operation. The estimates are based upon 
total reported time the officers logged on 
the crash. The purpose for their estimate 
did not lead them to further disaggregation 
or refinements. 

Table 24 
Previous Estimates of Gash Data Collection 

and Management Costs 

II I Milier NHTSA 
Severity (1991) (1983) 1 

II Serious I $81 I $111 II 

Because the police officer is the primary 
safety-data collector, national estimates are 
feasible. Police salary data are available 
from The Law Enforcement Management 
and Administration (LEMAS) statistical 
data base operated as part of the Bureau of Justice Statistics of the U.S. Department of 
Justice. These data are collected in a national survey of a representative sample of law 
enforcement agencies, including data from state and local police departments. National 
sources of salaries, benefit rates and indirect cost rates for civilian personnel involved in 
safety-data processing were not been found. This information was acquired during visits to 
state agencies to document PCR management practices. 

Analysis-Units 

When calculating the unit cost of safety-data collection, the desired approach would be to 
compute the cost for each element. However, the unavailability of sufficiently accurate and 
detailed cost data makes such an approach unrealistic. .The approach used in this study WGS 
to address the PCR as a whole. Some attempts were made to separate costs jnto important 
groups of data elements as well. 

Costs of data collection and management associated with a PCR will vary depending upon a 
number of factors. The major cost component for data collection is the police officer’s time. 
The discussion below documents how this can vary depending upon: 
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1. The severity of the crash; 
2. The number of traffic units involved; 
3. Whether the crash is in an urban or rural area, and 
4. Region of the country. 

The classifications used to estimate costs ap- 
pear in table 25. The six basic cases repre- 
sent severity and number of units involved. 
Additional variations result from regional 
factors and area-type. Cost of collecting data 
was derived taking each of these variables 
into consideration. 

Table 25 
Classifying Units of Analysis for 

Cost Estimation 

Severitv 
Property-Damage-Only Rural , 
Minor & Moderate Urban & Suburban 
.Severe & Fatal 

‘For managing data, the cost was calculated in hi&l 
Northeast , , 

a less desegregate manner. There is much 
less variation represented by the factors. 
Furthermore, the nature of the available PCR 
management cost-data limits flexibility for 

Single 
Multiple 

North Central 
South 
West 

analysis. The specific manner in which the costs are calculated is outlined follows. 

Data Collection 

Figure 6 presents the formulas applied to calculating the costs of collecting and reporting 
crash data for any analysis-unit, using the PCR. Although the model allows for four types of 
personnel (patrol officer - PO, crash investigator - AI, support officer - SO, and supervisor - 
SU), data from LEMAS only classifies salaries for a sergeant and a patrol officer. The spe- 
cialist (AI) and support officer (SO) are have the same costs as a patrol officer (generally 
their rank); these are treated together for the remainder of the discussion. 

Because the equations are applicable to any analysis-unit, costs for any portion of the activity 
can be estimated. Needed in such a case are the time estimates for the selected portion of the 
PCR for the each type of personnel involved. 

Data Management 

The approach to estimating data-management costs is somewhat different than used for data 
collection. The estimate starts with the total annual duty time for the involved staff and uses 
an estimate of the percent of the person’s annual time which is allocable to safety-data man- 
agement to arrive at an annual time allocable to the process. This approach reflects the most 
feasible format for measuring safety-data involvement for each type of activity. Once unit 
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Costs for Collecting Safety Data 

and for S, where: 

est imates have been derived, they can be applied in a reverse mode based on the estimated 
nui mber of PCR’s affected. 

In addition to personnel costs, there are often significant computer system development and 
maintenance costs. Although hardware and software costs should be included, the proportion 
of system used in many states usually is so small that it is negligible, unless the’agency 
operating the computer system has a charge-back system. However, at least one state visited 
by the project team used dedicated hardware for its PCR management. Equations 6 through 9 
in figure 7 which is the cost model for data management were developed for use when 
hardware and related data processing is dedicated to safety-data management. 

C,’ = ~(S;/DT,)*I,,*T,‘*(l+f,,,+f,,,) (1) 

for i = PO, AI, SO, and SU 
where: 

c = cost 
u = unit 
c = safety data collection 
S = annual salary (dollars per year); 
DT = annual duty time (minutes per year); 
I r = percent of analysis units involved in; 
T = time spent on dam collection (minutes); 
fB = fringe benefit rate (pet of salary/lOO); 
fo = indirect cost rate (pet of salary/lOO); 
PO = Patrol Officer; 
AI = Accident Investigation Specialist; 
SO = Support Officer; 
SU = Supervisor. 

s, = [S, (1 +g)‘Y p’]*fs (2) 

where: 
Si, = salary from reference data; 
g = inflation (growth) rate; 
yr = year of salary reference data; 
ye = year of cost estimates; 
fs = regional salary factor. 

‘2,’ = N*C, (3, 

where: 
t = total; 
N = frequency of use of analysis units; 

Figure 6 
Costs for Collecting Safety Data 

Determination of Values for Independent Variables - Data Collection 

Values were determined for each of the independent variables, based upon information 
available in the literature, and that collected during site visits to selected states. In some 
cases, ,the values are considered appropriate and well documented. Some values were arrived 
at using assumptions or extrapolations. The discussion below presents the values used and 
outlines their bases. 

Salties and benefits. Salaries and benefits were determined for police personnel from 
published data based upon the results of national surveys contained in LEMAS. Benefits 
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Costs for Data Management 

where: 

C,” = Z(n,*S,“*DT,“*p,) (I+f,+fd (4) 
R = the number of PCR’s managed 

and: 
for i = each clerical and supervisor 
classification involved CS=D+ M (6) 

where: 
S,” = hourly salary; 
DT,” = annual paid-hours; 
m = safety-data management; 
n = number of persons of classification ‘5”; 
p = percent of annual hours of personnel 
time associated.with managing safety data. 

C m = C “/R ” I (5) 

where: 
D = (D’*CR)-(V*SF) (7) 

where: 
M = annual maintenance and operating 
cost 
D’= the lump sum development cost 
V = salvage value of the system 
CR = capital recovery factor 

= lg(l+g)Ll/((l+g)L - 1 I (8) 
SF = sinking fund factor= g/( ( l+g)L - 
11 (9) 
L = life of the system development 
investment (years) 

Figure 7 
Costs for Data Management 

include pensions, health, disability and life insurance, social security or other mandatory re- 
tirement plans, workman’s compensation, and unemployment compensation. Minimum and 
maximum salaries, for both sergeants and patrol officers, are available for 1989 (LEMAS 
1990) as part of a data set created from the survey. These data, and the benefit rate (ex- 
pressed as a percent of salary), were averaged. The results are shown in table 26 and figure 8 
for each of the regions to be used for the analysis-units. 

Indirect rates. The LEMAS data-set does not report indirect costs for agencies. Overhead, or 
indirect costs, preferably would be estimated <directly from a model ,which accounts for all ele- 
ments of this type of burden. In one study, Kelsh, Heitzler, and Rauth (1986) arbitrarily 
decided to use an indirect cost factor of 10 percent of salaries, but this was for data process- 
ing. Based on estimates on the various components of overhead, e.g. equipment, administra- 
tion, and housing, the project team estimated indirect costs at 90 percent of direct costs. 

Annual duty time. Because benefit rates include benefit-time off, the full duty year is used 
for the calculations in the cost formulas. The LEMAS-based reference (Hoetner 1990) 

‘indicates a consistent use of the forty-hour week for law enforcement agencies. This trans- 
lates into 2,080 hours or 124,800 minutes per year. However, actual on-duty hours average 
1760 per year; therefore, the costs must be increased by 18.2 percent to represent actual time 
available. All va1ue.S used for calculating costs appear in table 27. 
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Table 26 
U. S. Law Enforcement 

1990 Officer Average Salaries and Benefits 

I PATROL OFFICER 
REGION MIN. 
Northeast $21,804 

MAX. MD-POINT 
$25,583 $23,700 

I 
$16,963 $20,45 1 $18,700 
$20,192 $23,488 $21,800 

West 
,,All Regions 

$21,796 $26,134 $24,000 
$19,598 $23,258 $21,400 

Officer Pay Scales 
By Type and Region 

‘v)‘ 
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Figure 8 
Otllcer Pay Scales 

Source: Law Enforcement and Management Administration Statistics 
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Table 27 

Cost Factols for Base-Case Calculatious 

R Management Benefits 
ce.r Duty Time-Off Factor 

R Mgt. Personnel Time-Off Factor 
Enforcement Agency Indirect Cost 

R Mgt. Agency Indirect Cost 

r Annual Hours 
Annual Duty Hours 

Personnel costs used Table 27 also displays the resulting total personnel costs for officers 
involved in crash data-collection. It combines the salary with benefit and indirect-cost 
burdens. It also includes the effect of benefit-time off. The values are shown in units of 
dollars-per-minute so that they can be readily applied to the estimates of data-collection time, 
which were estimated in minutes. 

Gash-data collection time - the litemiu~~. As has been discussed previously i$ this report, 
report, police officers assigned to investigate traffic accidents spend time on many activities 
which do not directly involve safety-data collection. “Other” activities involve managing the 
crash scene, taking enforcement actions against crash-involved traffic law violators, or attend- 
ing other administrative tasks, e.g., explaining motorist report forms to involved parties. 
Obtaining the actual time spent collecting safety data proved difficult. ‘. 

“. 
Three studies were located that attempt to address time spent by police officers on the acci- 
dent investigating and reporting ( Howard, Young, and Ellis 1979; Raub and Ferguson 1986; 
and Stenzel and Lucke 1991). While all are well-done studies and have value, each falls 
short of what was needed for the current effort. The most significant difficulties encountered 
in these reports is that they were concerned with officer time spent on the entire AI (accident 
investigation) process, not just safety-data collection. Furthermore, the studies focused on 
somewhat narrow aspects of quality. 
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The most comprehensive of the reports was produced by Howard, Young, and Ellis (1979), 
for the state of South Australia. This was the only effort found that attempted to time 
specific tasks completed by the police in investigating and reporting crashes, While consider- 
able analysis of these timings was conducted for their study, it had limited use for this effort, 
The first limitation is that all South Australia police officers ride in two-officer patrol cars, 
As a result, the Howard study had to account for the time expended by both officers. In most 
cases, one of the officers appeared to do.little that was directly applicable to the reporting 
process, so their time was attributed to “making observation,” thus inflating that category. 

A second difficulty with the report arises because the survey team members who did the 
timings were rarely at the accident scene either prior to, or arriving with, the investigating 
officers. The team usually left the scene before all officer activities were completed. The 
inability of the team members to be with officers throughout the process raises questions as to 
the accuracy of the time intervals indicated on any given activity. Additionally, they timed 
only data collection, not its recording. 

In their report, Raub and Ferguson (1986) were endeavoring to show the total time spent by 
Illinois State Police officers on crash-related activities, and then extrapolate to the total cost 
of crash investigation and reporting. The officer-time reporting system used by Raub had one 
important limitation for making accurate time estimates, however. The times reported appear 
accurate if the officer completed all crash-related activities as a continuous process. If the 
officer logged off an crash, performed other duties (including general patrol) and then re- - 
turned to complete the PCR, the delayed time could not be captured and associated with the 
original event. 

Raub and Ferguson’s study has two limitations relating to this project. The first is the 
problem of capturing discontinuous time spent on an crash, as described above. The esti- 
mates of time spent on crash reporting must, therefore be considered conservative since there 
are no doubt many instances of officers interrupting their time on completing a’report. 
Second is the absence of any differentiation between time expended on safety-data collection 
and time spent on all other accident-related activities such as scene management and taking 
enforcement actions. The available data provide only time assigned to overall investigation 
and reporting, not to any subcategories within that task. t 

A project was conducted for the National Highway Traffic Safety Administration (Stenzel and 
Lucke 1991) to develop a model for estimating the number ,of officers needed for an agency’s 
patrol function. To carry out the computations for the model, agencies need to determine 
their average total time expended on investigating and reporting crashes. For the thirty-two 
state police districts in eight states that participated in the field test of the model, an average 
of 3.1 hours was expended per crash with a range of 0.83 to 5.83 hours. These figures 
included travel times (which were lengthy for some of the rural districts) and all other 
crash-related activities. There was no effort made to focus on safety-data collection times. 
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Field data collection of limes * . 
eshgatlng. The literature provides limited information on the time police 

spend handling a vehicular crash. Where estimates of overall times have appeared none has 
disaggregated the time into components, such as: 

1, Gathering and recording safety data; 
2. Gathering information for case management, and 
3. Managing the scene. 

This section summarizes the work done on 
this project to obtain time estimates for 
components. The initial plan for obtaining 
times for reporting crashes involved observ- 
ing and timing officers as they handled a 

Table 28 
Components of Observatiorrs 

1. Classification by Severity 
a. severe and fatal (K and A-level injury) 
b. minor and moderate (B- and C-level injury) 

crash. The components measured during the 
observations are shown in table 28. A test 
performed in the Rockford, Illinois Police 
Department, showed the process to be work- 

C. property damage only (0) 

2. Components of Reporting Time 
a. inspecting damage 
b. investigating the scene 

able. The observations not only allowed 
team members to measure times taken, but 
also to observe how quality of data collec- 

c. interviewing principals 
d. interviewing witnesses 
e. recording crash facts 
f. recording person data 

tion might be affected during different parts 
of the process. 

g. recording vehicle data 
h. preparing narrative 
i. preparing diagram 

Given the success of the pilot test, direct 
observations were made as various members 
of the research team visited sites for other 
project-purposes. Opportunities were taken 

3. Time Handling the Crash 
a. travel time 
b. at-scene time 
c. other reporting time 

to ride with police officers in the expecta- 
tion of gathering additional data. Overall, the team observed 31 crashes in four states; 22 in- 
volved property damage only, and 9 involved personal injury. The observations were pri- 
marily made for municipal 1a.w enforcement agencies. A strong likelihood exists of the ob- 
server having an effect on the officer’s performance: however, no better means was identified, 
however, for directly collecting this information. . 

Early in the study, the team discovered that few crashes could be directly observed using the 
method adopted. Crashes did not occur with sufficient frequency to use project personnel 
productively. In an effort to obtain enough data to address at least some of the range of vari- 
ables listed above, a self-reporting form was prepared and given to cooperating police 
agencies for their officers to complete. Over a two-month period, the participating depart- 
ments completed these forms for 274 crashes. 
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Local agencies did not provide the level of cooperation for reporting times as did the state 
police. Only six percent of the self-reported cases were from local police departments. The 
remainder came from two mid-western state police agencies. 

Self-reported times were subject to even more measurement problems than direct observa- 
tions, However, these were considered the best available alternative. The project team be- 
lieved that between the two sources reasonable estimates could be derived. 

Analysis of the data gathered has provided a base of time which can be used for computing 
the costs associated with police handling of vehicular crashes. However, the data were not 
sufficient to address many of the dimensions originally identified. Moreover, differences 
between observed and self-reported times were substantial, making estimates tenuous. 

After reviewing the observations and self-reporting forms, several components of the data- 
collection process were chosen for analytical purposes. In accordance with definitions adopt- 
ed for analysis-units for the project, crash severity was divided into three classes: “severe” 
(fatal and A-level .injury), “minor and moderate” (B and C-level), and “property damage only” 
(PDO). Times for collecting and recording data were classified into: 

1. Gathering the data, and 
2. Completing the report (components comprising: objective portion, narrative, and 

diagram). 

Finally, other recorded times also allowed 
computation of travel to, and time spent at, 
the scene. The classifications of data ar- 
rived at, therefore, is shown in table 29. 

Table 29 
Fhal Cladfhtions for 

Recording Times 

Both self-reporting and on-site observations 
1. Severity of the Crash 

a. severe 
were analyzed. Self-reporting produced 
times for 274 crashes (some reports did not 
capture all elements); on-site observations 
provided coverage for 31 crashes. The 

b. other injury 
c. property damage only 

2. Time - Safety Data 
a. gathering data V 

times for collecting and recording safety b. completing objective portion of form 

data were substantially different depending c. narrative 

upon the source. Compared to on-site ob- 
d. diagram 

servations, times reported by officers were 3. Time - Handling Crash 

approximately four times higher. This rela- a. travel to scene 

tionship, as shown in table 30,. held regard- b. on-scene time 

less of the severity of the crash. Most of 
. the differences arose in the component “gathering data.” Police reported times ranged from 

31 minutes for PDO crashes to 95 minutes for serious-injury ones. On-site observation 
showed a range between 8 and 28 minutes. 
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Table 30 
Time Spent Repotting Vehicular Crashes 

Summary of Median Self-Reported and Observed Times - in Minutes 

SEVERITY OF THE CRASH 

numbers in italics indicate n is too small for median values to be reliable 

The differences between reported and observed arose in part because reporting officers were 
not able to separate time carefully; whereas, the observer was able to distinguish among 
various activities that the investigating officer was doing. Further, officers made a mental 
estimate of the time required, rather than using a stop watch or other timing device, and the 
self-reporting forms were usually completed after the crash reporting was finished. 

Finally,the average self-reported values for time were skewed by several high values which 
were considered unreasonable, and therefore likely to be in error. An attempt to use a median 
value from both self-reported and observed times also was unacceptably high because most of 
the times came from self-reporting. To provide times for computing costs, a compromise was 
made. The time to collect and record safety data for PDO crashes was taken from the median 
value for observed cases. The median value for each level of severity was adjusted based on 
differences found in self-reported times among the three levels, PDO, minor injury, and 
severe injury. These values are the basis of table 31. The table also shows the median times 
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for the analysis-units which were derived from proportioning the median times within each 
cell in accordance with the variations among self-reported times. 

Table 31 
Tune Sped Reporting Vehicular Crashes 

(Combined Self-Reported and Observed l?w - in Minutes) 
Showing Severity, Location, and Number of Vehicles 

P.D.O. MINOR INJURY SEVERE INJURY 
(M=22 min) (M=29 min) (M=29 min) 

URBAN RURAL uREL4N RURAL URBAN RURAL 
(M=22 min) (M=30min) (M=22 min) (M=3Omin) (M=22 min) (M=30min) 

12 16 15 21 27 38 

16 22 21 29 37 52 

M - median values 

. . . . 
Involvement of Other in Crash. The above time estimates reflect only 

the time expended by the primary investigating-officer on the various cases. In many instanc- 
es, however, assisting officers and supervisors may appear at the crash scene and participate 
in safety-data collection. Also, in many law enforcement agencies, crash investigation spe- 
cialists will report some of the crashes while others will be reported by general patrol 
officers. No references were found in any literature that addressed time expended by support 
officers at crash scenes or the proportion of crashes reported by AI specialists versus patrol 
generalists. Times for supporting officers could not be obtained. 

In most instances, more than one police unit will respond’to a reported traffic crash, even if 
only one is actually assigned. From experience, the police know that crash scenes are often 
confused and complex, and assistance with restoring the scene is usvally welcome. These 
back-up officers often take over direction of traffic around the crash and work with the 
investigating officer in calling for tow trucks and other needed assistance. 

Occasionally support officers also will record names and addresses of passengers and witness- 
es, and assist with supplementary report forms. The investigating officer still will transcribe 
the personal information onto the PCR. For crashes where scene measurement is needed, an 
assisting officer commonly will help with the tape measure or with recording measurements. 
.However, rarely does more than one officer complete the PCR. 

As crash severity increases, not only does the likelihood of having support officers increase, 
but it is also more likely that patrol supervisors will come to the crash scene. While, supervi- 

Highway Safety Data: Costs, Quality, and Strategies for Improvement - The Traffic Institute 

74 



sors will less often play an active role in managing the crash, they can and will fill the same 
roles as the support-officers. The amounts of time spent by support officers and supervisors 
on safety-data collection are estimated based on the ride-along, interviews with police 
officers, and the experience of the project team, but not direct or indirect measurement. 

Finally, even where agencies assign specially trained crash investigators instead of general 
patrol, these specialists often are compensated at the same rate as general patrol officers. 
Therefore, no differences salaries or benefits were ascribed to these specialists. Table 32 
shows the components used to establish the costs of collecting and reporting data at a traffic 
crash. 

The percent of crashes handled by patrol, support, and supervisors appear in table 32(a). 
Values shown in table 32(b) provide estimates of the percent of effort that each of the four 
groups, of officers are expected to give to collecting and recording safety data from any one 
crash. Finally, using as a base the median times established and shown previously, a set of 
times can be estimated for each group of officers within the classifications of analysis-units as 
shown in table 32(c). 

Unit cost estimates. Multiplying the estimated time spent at the scene from table 32(c) by the 
unit-costs per officer per minute as originally shown in table 27 yields a set of costs to collect 
and record data for the police crash report (PCR). The results of these computations appear 
in table 33. Costs range from 7.00 dollars per PCR for a PDO in a urban/suburban area to 
35.00 dollars per PCR for a multiple-vehicle serious injury/fatality crash in an rural area. The 
values are, for the most part, significantly less than estimated in previous studies (Miller, et 

al. 1991, and NHTSA 1983) as previously shown. However, the values for the previous 
studies were based on time at the scene, not reporting crashes. When applying costs against 
observed and self-timing values for travel and “at-scene” times, the costs for handling crashes 
does come closer to the other two studies. 

Methodology 

One of the principal activities during visits by project-team members to the selected states, 
involved documenting the costs associated with managing crash data. To avoid burdening the 
personnel providing information, the team accepted costs as provided by the host agency, 
validated only as possible during the course of walking through the processing of the PCR. 

Early in the process, the project team discovered substantial variation in practice among the 
states visited. Furthermore, often two, and sometimes three, agencies were involved in PCR 
management. For example, location coding was often done within the- DOT, but the DOT 
might not maintain the data. When DOT maintained the data, location coding might be done 
in a different office of the agency. This made it infeasible to take a single approach to 
estimating the cost of data management. 
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Table 32 
Crashes Handled and Time Spent 

(a) Percent of Crashes (Analysis-Units) Handled by Collector 

Percent of Crashes Usmg 

Principal Colle.ct.or 
No. Traffic AI Patrol support 

Units Locale Severity Supervisor Speciahst Officer Officer 

I I P-0 5% 

I I Rural h PI I2oa 
I 2% I 98% I 0% * 
I Ifs% 

I Sinolr 
-...0.- 

I 

Vehicle 
ISPI & F 

-.--.. _ 
and MA4 PI 

Suburban SPI & F 

PDO 

. ” ,- 
75% 50% - 
IO% 5% I 
50% 50% I 
95% 

5% 2% I 98% I 0% I 

1 90% 5% 
I 50% 25% 

195% 0% 
. 50% 15% 

15% I 25% 35% 

Multiple 
Vehicle 

Rural b PI I-T 
ISPI C F 

b0 

(b) Percent of Time Spent Collecting Data at a Crash 

Percent of Ttme at the Crash 
“Principal Coil. 

Patrol / Al Suovort . . 
Supervisor Specialist Officer 

IO% 1 100% 1 25% 

25% 100% 50% 
25% 100% 50% 
IO% lOO% 25% 

25% 

No. Traffic Units 

Single 
Vehicle 

Locale Severity 

PDO 

Rural MA4 PI 
SPI & F 

Urban PDO 

and .hllM PI 

(c) Estimates of Crash Data Collection Time for all Personnel (minutes) 

Multiple 

Vehicle 

ISPI & F I 15 62 31 

Urban IPDO 2 I 19 5 I 

I 

6 25 I2 

II 44 I 22 I 

PDO = Property Damage Only 

M/M PI = Minor and Moderate Personal Injury 

SPI C F = Serious Personal Injury and Fatal 
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Table 33 
Unit Costs Adjusted for Proportion of Cases Handled 

No. Traffic 

l Includes involvement of support officers, supervisors, and allocation to AI specialists 
l Based on 1989 salary and benefit values from LEMAS database 

In some cases, it was possible to determine a fairly accurate count of full-time equivalent 
(FTE) staff, by personnel classification, associated with each of the major steps in the man- 
agement process. In such cases, the agencies were able to supply salary rates by classifica- 
tion, in some form, as well as a factor used to estimate employee benefits as a percentage of 
salary. In other cases the agency was able to give a total budget for the section managing the 
PCR’s, but could not give any disaggregate information. Further, employee benefit-factors 
and indirect (overhead) costs were not known, nor could be found. Because some operations 
used the same personnel to perform several functions during PCR management, the teams 
could not disaggregate the costs of the different activities. However, a cost estimate was 
made for each state, using what was available and making assumptions where necessary to 
complete the analysis. ). 

Estimates of the Data Management Costs 

Table 34 and figure 9 provide a summary of the estimated costs for PCR management. The 
estimates are disaggregated to show data-management, entry, and edit activity costs separately 
from location-coding, as well as those associated with the development, implementation and 
maintenance of hardware and software systems. 

The volume of PCR’s managed ranged from as few as 15,000 to almost 500,000. Some 
states had recently revised, or even re-written their computer processing systems while others 
were laboring with systems that had remained stagnant for ten or more years. Each state 
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Table 34 
Summary of PCR Management Cost Estimates for Study Sites 

Data Mgmt. 

Entry & Locn. Sub- 

Hardwrl 

Softwr 

Annual State PCR Management Costs 
Ten State Systems 

I q Mgmt 81 Coding n Locn Coding H Systems I 

Figure 9 
Annual State PCR Management Costs 
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determined the information that would be captured in the file from their PCR and the types 
and severity of crashes that would be reported. Each also decided which crashes would be 
location coded, and how much supporting information from other computer databases would 
be accessed and added to the basic PCR data. The variety of functions performed by the- 
states in this study, the range of sophistication of their computer systems, and the variations 
in PCR volume, make it difficult to compare one state to another. However, several observa- 
tions and conclusions can be made that pertain to all the states studied. 

Most noticeable in similarity between the states was the high proportion that manual proce- 
dures were of the total management cost. In one state, 94 percent of the cost of processing 
PCR data was associated with manual handling of documents and entry of data into computer 
systems. The lowest percents (low 60’s) were found in states which had recently upgraded 
their computer systems and purchased dedicated computer hardware to improve handling of 
PCR data. 

The two states with the lowest cost per PCR (2.44 and 2.42 dollars) had volumes of 350,000 
and 400,000 respectively. The high volume in one of these states provided the incentive to 
automate their PCR processing by developing a scannable form. The other state had a 
relatively old computerized database-management system which meant its annual automation- 
costs were low. However, it also used- a single set of individuals to perform most of the tasks 
of editing, coding and entry, thus minimizing personnel paper-handling, s 

In contrast to these two states, one state which processed almost 500,000 PCR’s in 1992 had 
an annual cost of 5.67 dollars per PCR processed. This state has not yet chosen to use online 
computer systems for processing the data. Instead, it uses a batch entry and editing system 
with individuals who specialize in just one aspect of the process. In this state, the paper PCR 
document must be circulated between various specialist-groups and agencies, and is monitored 
by production-control employees to insure PCRs are not delayed, mis-routed, or lost. 

Some state included in this study extract pertinent information from other databases through 
computerized linkages. These data, such as driver name and address, or roadway features, 
can then be automatically included with in the PCR record. The linkages can be relatively 
expensive to develop, but eliminate manual keying efforts when implemented. These linkages 
may reduce the time required by an officer to complete a PCR in the field by reducing the 
number of data items that must be captured. However, a few data elements are gathered in 
this manner, and cost savings are therefore not likely to be significant. The major benefit 
may be in the accuracy of the data. 

Certain conclusions can be made concerning the factors that affect the overall cost of process- 
ing PCR data: 

1. Economies of scale can occur with high-volume PCR processing. A computer system 
costs essentially the same to develop whether it is used to process 1,000 or 100,000 
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PCR’s. Other economies of scale can come into play. The three states with the 
highest PCR volume were also the states with the lowest PCR processing costs. 

2. Efficiencies can be achieved by minimizing the handling of the PCR, whether it is for 
coding, data entry, editing, or control. Fewer steps for the PCR improve efficiency of 
the process. 

3. Minimizing the data-entry tasks will reduce the costs which represent the majority of 
those currently experienced. Scannable forms are just one example. Use of computers 
to help collect data will result in electronic fields which can be directly dumped to a 
computer without keyed entry. The relative efficiency of this latter strategy depends 
upon how well the computer prevents errors entering the record in the field. 

Table’34 shown previously provides an average cost for processing a PCR in the states visited 
of 7.50 dollars per year. This includes data handling, entry, edit, location coding, and 
hardware and software systems costs-derived from a highly variable set of 10 individual 
values. The limited sample prevents any statistical testing (as demonstrated by the standard 
deviation of 5.00 dollars). However, the states were chosen because they employed differing 
processes appear to represent a range of conditions expected across all 50 states. In the 
absence of any reason to do otherwise, the unit costs derived here will be used without 
adjustment to make total unit-cost estimates and national cost estimates. 

A 1989 file of the NASS-GES was used to gain an understanding of the distribution of 
crashes by severity. The number of crashes were estimated here for the United States as a 
whole, and for four separate geographical regions as defined in the NASS program. They 
serve as a basis for estimating the total time spent by police officers in crash investigation, 
Tables of expected error in these estimates are presented in the National Accident Sampling 
System, General Estimates System Technical Note, 1988 to 1990. Briefly, the probable error 
ranges from 11 percent for the smallest estimate to 6.9 percent for the largest, although there 
are potential bias errors in the these data that, are larger than either of these. , 

Blincoe (1990) has shown that GES shows about 15 percent fewer police-reported crashes 
overall than counted by the FHWA annual statistics report. Because the FHWA report comes 
from data contributed directly from the various states’crash files, it is likely to be more’ 
complete. Because of the lack of further information regarding variation, regional variations 
have not been adjusted. 

A second kind of missing data is represented by cases that are investigated (taking up police 
officer time) but are not formally reported (and thus do not appear in the FHWA or GES 
statistics). Many derive from crashes involving only property damage which is below the 
reporting threshold; however, a number of vehicular crashes involve injuries. Work on 
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CODES has been uncovering more than a few hospital admissions for which no police report 

can be found. 

As a result of these other considerations, estimates presented in table 35 are likely to be 
somewhat understating the actual experience. The impact of these potential variances on 
costs can be measured through sensitivity testing. 

Concern exists about injury distributions because states in the southern region exhibit a higher 
than average proportion of “A” injuries (O’Day 1993). The sum of serious and fatal injury 
crashes (K and A) for the south region (207,932) divided by the sum of all injury crashes for 
the south region (2,236,960) is 0.0925. For the remainder (the other three regions) of the 
country the ratio is 0.045, or one-half that of the south. This occurs because the definition 
used for “A” injury in many of the southern states is considerably more liberal than average. 
For this study, the severe and fatal injury crashes in the south were adjusted to reflect the 
percentages elsewhere increasing the number of minor and moderate injuries in the south 
region compared to the NASS tables. -These revised values also are included in table 35. 

The unit costs described and 
presented above were applied 
to the frequencies for each 
analysis-unit, providing esti- 
mates of safety-data collection 
and management costs for 
PCRs associated with each 
analysis-unit. Resulting re- 
giqnal and national estimates 
of safety-data collection and 
management costs are shown 
in table 36 for the values pre- 
viously derived and presented. 
This is referred to as the “base 
condition,” The total national 
cost for safety-data collection 
and management was estimat- 
ed at 122 million dollars. 
Figure 10 demonstrates that 
safety-data management con- 
stitutes approximately 40 per- 
cent of the total. The overall 

National Costs for 
Collecting and Managing Crash Data k 

, 

Crash Data Collection 

BASED UPON GES 1989 ESTIMATE 0): 6.4 MILLION PCR’s 

Figure 10 
National Costs for Collecting and Managing Crash Data 
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Table 35 
1989 National Crash Frequency Estimates Used for Calculations 

68,227 1 48,497 47,214 17,470 1 11,963 147,287 1 127,404 
Sub Total 850,79 t 377,958 1 351,454 193,835 91,910 1 44,601 1,294,155 1 616,394 

Grand Total 
362,7 12 
708,156 
564,990 
274,69 I 
1,9 10,549 

Based upon NASS General Estimates System from 1989 

(Note: crash data from 1994 show a decrease in 1.4% for reported crashes, from 6,360,75 1 to 6,273,900) 



unit cost for safety-data collection and management associated with a PCR is estimated as 
19.20 dollars for the base case.’ 

Another way of examining the costs is by number of vehicles involved and the severity of the 
crashes, Figure 11 demonstrates that single vehicle crashes constitute slightly less than a 
third of the national cost. National costs generally decline inversely with severity of the 
crash, primarily in proportion to their relative frequency of occurrence. 

The values shown in the exhibits referenced above were based on times derived from the 
limited observations and adjusted using self-reported data. This adjustment was done because 
the analyses of self-reported times suggested values which appeared unrealistically high. Had 
the self-reported times been used, the costs of collection and management would have been 
approximately 35.70 dollars instead of 19.20 dollars per crash reported. 

A number of assumptions made in developing the values for the cost model as well as in 
constructing the model itself. The confidence in the estimate of unit and total costs is limited 
by these potential sources of error. An estimate of a national value is intended only to be an 
order-of-magnitude evaluation. However, the cost model also is intended for assessing the . 
impact of alternative strategies for improvement. Therefore, of use is how the end result of 
the model (the measure of which is taken as the average unit-cost) may vary with variations 
of the inputs. This can provide a perspective on the size of the order-of-magnitude, as well 
as the ability of the model to detect changes that may result from various strategies. To 
accomplish this, several key variables were altered from the base condition to determine the 
effect on the average unit cost. The results are discussed below. 

The cost of officer time collecting crash data predominates in the total. The primary compo- 
nents of that cost include; salary, benefits, indirect cost, and estimated time collecting crash 
data. Figure 12 shows the affect of varying collection time from the base condition. Because 
the field data showed significant differences between times determined from direct measure- 
ment and those self-reported by officers, the affect of increasing time estimates by as much as 
100 percent are of interest. Given that data collection costs represent a large proportion 
quarters of the total, a 100 percent increase in data collection time will raise total costs 59 
percent, resulting in an average unit cost of collection and management of slightly more than 
3 1 .OO dollars per PCR. 

’ This Research Report uses data based on salaries and costs derived in 1988. The authors 
elected not to change all the tables and figures to update the values to 1995. Had this step been done, 
based on a 40.7 percent change in the Consumer price Index during the past seven years, the average 
cost of handling a crash would have increased from $19.20 to $27.00. 
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Table 36 
Calculated Total National Safety Data Collection and Management Costs 

Sub Total I 

AVERAGE UNIT COSTS 

Total 

$7.70 $19.20 



Distribution of National Costs between 
Single and Multiple Vehicle Crashes 

( National Cost = $122 Million ) 

rSinele Vehicle I 

Distribution of Costs by 
Type of Crash and Location 

s~o,ooo,m 1 

$15,ooo,ooo 

$10,ooo,ooo 

$5,000.000 

$0 

Single Veh. 

Figure 11 
National Annual Cost of Crash Data Collection and Management 
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A similar difference was demonstrated 
when changing salaries and benefits 
for officers. Therefore, strategies that 
use lower-cost personnel such as non- 
sworn crash investigators could result 
in lower unit costs, even though these 
person may take the same amount of 
time to collect and record data. 

Because data-management costs com- 
prise about approximately 40 percent 
of the total cost, changes in these 
costs will have a lesser effect. Figure 
13 confirms that a 50 percent change 

.in data management costs would 
change total unit cost by about 20 
percent. 

Other sensitivity analyses were per- 
formed. They displayed smaller, but 
in some cases still substantial, changes 
from the base conditions, e.g. increas- 
ing indirect costs by 50 percent in- 
creased operating costs by 16 percent. 
Sensitivity analyses showed that as- 
sumptions made for costs can play an 
important role. Without firm values 
for many of these assumptions argu- 
ments for significantly higher costs of 
handling police crash reports are rea- 
sonable. However, for Chapter 7 
which is devoted to assessing strate- 
gies, the base condition of 19.20 dol- 
lars -per crash is used. Of this amount, 
7.50 represents the costs for process- 
ing the police crash report. The re- 
maining 11.70 dollars is the cost for toll 

Effect of Varying Crash Reporting Time 
All Crashes 

Percent Change From Base Condition 

Figure 12 
Effect of Varying Crash Reporting Time 

Effect of Varying 
Unit Data Management Costs 

24 , I 

14' 
+50% +25% BASE -25% -50% 

Percent Change from Base Condition 

Figure 13 

Effect of Varying Unit Data Management Costs 

:ting and reporting the crash data themselves. 
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6. Goals, Objectives, and Practices Affecting Highway Safety Data 

In order to help resolve issues and address costs of handling traffic safety data, a set of goals 
and objectives has been formulated. In addition, on-site visits and discussions with members 
of the safety community have identified noteworthy practices which can form a basis for the 
development of strategies designed to meet the goals and objectives. This chapter identifies 
the mission, goals, and objectives which are crucial to improving the system, along with 
noteworthy practices which can meet the goals and objectives. The next chapter addresses 
strategies and evaluates those strategies based on cost-effectiveness measures. 

Previous chapters have addressed issues and costs related to collecting and managing safety 
data. Also included in the discussion were issues relating to quality of the data and how the 
processes of collecting and managing data affect the quality. The noteworthy practices 
described in this chapter demonstrate how current efforts are attempting to resolve the issues. 

Mission of the Highway Safety Data System 

The highway-safety information system operates within a larger system context. It is a 
subsystem of the highway-safety decision-making system, which in turn is a subsystem in the 
highway transportation system. This hierarchy continues, but the safety system can be a 
major source of information in a broader decision-making context. 

The mission of the highway-safety information system is to provide information in support of 
decision makers in the most useful manner. The functions which result from this mission 
include collection and management of highway safety data. Users should interact with the 
source of information through a decision-support system which can guide the user through 
interaction with the data. 

Goals, Objectives, and Ptincip;les \ 

Qal,s. For this project, five goals have been identified within the mission of the highway- 
safety information system. Each of these goals, in turn, has objectives which need to be met. 
The goals apply to each of the sources of data: crash, roadway inventory, and medical. 

1. Minimize the costs of collecting and managing the data. 

2. Maximize safety in the collection of data: 
a. maximize the effectiveness of operation at the scene. 
b. minimize the exposure of involved parties. 
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3. Minimize effects on organizations, institutions, and operating systems, 

4. Maximize quality of data for uses and users 

5. Maximize suitability of data for uses and users 

. Goals tend to be general; objectives help define them 
more clearly. An objective is specific and suggests measurement of achievement. For each 
of these goals are a set of objectives which will be used for evaluating strategies. 

Objectives considered applicable to the collection and management of highway safety-data 
appear in the list below. In the list, the goal appears in bold faced print and is described 
briefly. Also shown for each objective elements which can provide measures of effectiveness 
(MOE). Most of the objectives can be applied to all three sources of data upon which this 
project is focussing. 

1) Minimize the costs of collecting and managing the data 
Costs incurred for collecting, reporting, and handling the data will be minimized. Included 
are costs of people, capital, and operations. 

a. costs of personnel required 
- direct and indirect costs 
- time spent collecting 
- time spent managing 
- time spent editing and reviewing 

b. costs of capital 
- equipment 
- materials 

c. costs of operating the information system 
- development and replacement 
- maintenance 

2) Maximize safety in the collection of data 
The time taken to clear a crash, and to collect and record data, as yell as the number of, 
and exposure to, persons involved is minimized. In addition, any process minimizes 
congestion. 

a) h4aximize the effectiveness of open&ion at the scene. 

1. time for response of appropriate personnel and equipment 
2. congestion at the scene 

- provide positive guidance through and around the scene 
- quickly clear the scene 
- rapidly restore scene to normal traffic flow 

3. time required on-scene to collect data 
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b) Minimize the expose of involved parties. 

1. time subjects involved in or related to the crash remain at the scene 
2. number of officers and related safety personnel responding 
3. time safety personnel remain. at the scene 

3) Mhimize effects on organizations, institutions, and opemting systems. 
Organizations prefer status quo. Changes to the safety information system should, there- 
fore, have a limited effect on organizations and their operations. Included are changes to 
processes, staffing, structure, and interference with other organizations, as well as time 
required to implement the process. 

a. changes to processing systems 
- new systems 
- revisions to current systems 

b. changes in staffing required to operate the system 
- number or persons 
- diversity of personnel clarifications 

c. changes to the organizational structure 
d. interference with other organizations 
e. the time required for implementation 

4) Maximize quality of data for uses and usem 
Six dimensions of quality are needed to reflect the complex needs of users. The attributes 
of consistency and coverage are measured over time, and coverage is also measured over 
geographical space. Quality attributes are: 

a. accuracy 
b precision 
c timeliness 
d completeness 
e. consistency 

- among collectors and recorders (each collector records the data in the same manner 
with the same definition) 

- over time (data are collected based on the same definition over time) 
f. coverage \ 

- by classification (all classifications, e.g. severity of crash, are completely covered) 
- over time (the same frequency of coverage occurs over time) 
- geographically (the same frequency of coverage occurs regardless of location of that 

coverage, e.g. the same data are gathered for local streets and expressways) 
- temporally 

5) Maximize suitabllity of data for uses and users 
A maximum number of cases are made available to the widest body of users. These users 
have easy access to the data with a maximum of technical support. 

a. the number of potential uses and users 
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b. number of cases (sample-size) available for analytical purposes 
c. the ease of access to, and use of, data 
d. access to technical support 

. Guiding the operation of the highway-safety 
information-system are general principles which are critical to the mission of acquiring 
appropriate data, managing them, and making them accessible to users. The principles apply 
to three dimensions of the safety-information system: the system itself, people, and data. 
Applicable principles appear below 

1) The System 

l involves all participants, collectors, reviewers, data managers, and users. 
l provides ongoing monitoring, auditing, and evaluation, and feedback, as well as provi- 

sions for keeping it current. 
l crosses organizational lines and interacts with multiple files and sets of data. 
l subjects data to quality control as early in the collection and management process as 

possible. 
l provides for entry of data into the system as close to the point of collection as possible, 
l does not duplicate the collection of any data element within the system. 
l maintains identity of the source of each data element and record (e.g., identifies if crash 

report is a citizen report, desk report or officer field investigated). 

2) Persons Who Work in the System 

. 

. 

. 

are well trained and regularly updated in all aspects of the system, but especially in the 
one for which they are responsible. 
are highly motivated, especially through job-related rewards. 
receive regular feedback on performance, as well as usefulness of their efforts. 
handle the minimum required data. 
use data-collection instruments which are easy to understand and manipulate. 
are well equipped. 
record the data using systems which require manual intervention only where automation 
cannot deal with it adequately, but whjch provide 
- verification; , 

- checks for errors, and 
- corrections or avenues for correction. 
edit and correct the data based upon access to the original facts of the case. 
forward (transmit) findings immediately. _ 

3) Data Available to the System 

l reside in readily and easily accessible locations where each element resides in only one 
location, but is accessible to all others. 

l are available in a manner which is transparent and irrelevant to the managers and users. 
l reside in systems which are easy to maintain, modify, and link. 
. have an adequate and consistent history. 
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. are overseen by an organization which is effective in performing its duties to maintain 
quality assurance for the collection, recording, analyses, entry, and maintenance of the 
data (generally the organization which has the greatest need for the data). 

A number of state and local agencies throughout the nation are attempting to resolve issues 
with practices that the project team has considered noteworthy. These efforts affect the 
collection and management of crash safety-data. This section provides a summary of each 
practice. 

Description of the practices was gained through on-site visits to 10 states and one city, as 
well as telephonic contact with another police agency. Table 37 presents a list, by title,. of 
each of the 23 practices. It groups them according to broad categories. The list should not 
b.e considered inclusive; rather, it represents information learned as the project team made its 
visits. Those sites not visited could well have noteworthy practices which would be important 
in addressing the issues raised previously. 

Traffic Crash, Data Collection and Management 

el 1 Jser ch-oqlx 

1. Illinois Traffic Safety Information Systems Council (ITSISC) 
Agency. Illinois Department of Transportation (IDOT) 

Overview. The IDOT has created ITSISC to coordinate the efforts to improve traffic-safety 
information systems in the state. This was done both in response to recommendations made by a 
NHTSA-sponsored, traffic-records assessment team, and the experience that IDOT had using a 
coordinating task force when recently re-designing the state crash report, Members represent a 
wide distribution of collectors, managers, and users of crash safety-data. 

Cost cor&ietations. The operation of the council is on a volunteer basis. Staff support for the 
council currently is provided by IDOT’s Traffic Safety Division through its regular personnel. 

Impacts. The committee represents a potential for affecting the quality and efficiency of the 
highway-safety information-system in Illinois. The framework for the strategic plan emphasizes 
the areas of systems integration, improved quality, easier access and use, and effective system 
administration. 
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Table 37 
Noteworthy Practices 

,r I I 
Calegory 

Traffic Crash Data 

State-level User Groups 

Quality Assurance Programs 

Practice Title Slate/Agency 

I. Illinois Traffic Safety Information Council (ITSISC) IL 

2. Accident Records System Advisory Committee (ARSAC) NJ 

3. Central Accident Processing System Committee (CAPS) VA 

4. Data Element Sponsorship FL 

5. Quality Assurance Program WI 

6. Outreach Program WI 

II Direct Communication with Lo- 7. Communicating with Local Data Collectors OH 
cal Agencies 

8. Communicating with Local Data Collectors PA 

Scannable Forms 

Automated Systems 

9. Scannable Police Crash Report Form 

IO. Scannable Police Crash Report Form 

I I. Vision 2MKl 

12. Local Agency Data Entry 

MI 

WI 

CA 

OH 

Non-sworn Crash Investigators 

Mixellaneous 

13. Linked Databases 

14. Use of Non-Sworn Crash Investigators: Community Service Officers 

IS. Use of Non-Sworn Crash Investigators 

16. Use of Non-Sworn Crash Investigators 

17. State-level Interpretation of Crash Facts from PCR 

PA 

CO (Ft. Collins) 

FL(Ft. Lauder- 
dale) 

SD (Rapid City) 

PA 

I- 18. Proactive Problem Identification I CA 

Ir Roadway lnventoq 

Roadway Inventories - Automa- 19. California Highway Inventory and Performance Systemt CA 

tion and Upgrade 
20. Automated Updating of Roadway Inventory PA 

Quality Assurance Programs 

21. Automated Roadway Inventory Data Collection and Straight-Line Diagram 

22. Quality Improvement Program: Roadway Inventory 

23. Quality Assurance Program - Crash Location Coding 

VA 

FL 

FL 

2. Accident Records System Advisory Committee (ARSAC) 
Agency. New Jersey Division of Highway Traffic Safety (DHTS) 
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Overview. To assist with upgrading their current safety database, New Jersey has formed 
ARSAC. In addition to the Division of Highway Traffic Safety as the lead agency, directors 
from 14 other state agencies are represented. The committee is responsible and has been given 
authority for making decisions regarding the collecting, recording, and use of traffic crash data. 

Cost considerations, Only indirect costs are involved such as those related to the time spent at 
meetings and task forces. Some non-personnel services may be required, e.g. travel and printing, 
for members of the committee, but these should be minimal. 

Impacts. ARSAC is a committee of users. It represents a unique opportunity to have a disparate 
body of persons deal with a common topic. The effect of such work should be to enhance the 
flow of data from the crash report, while at the same time recognizing the varied needs of the 
users. Reaching an understanding by which the Committee has authority to make decisions was 
an important element. 

3. Central Accident Processing Committee System (CAPS Committee) 
Agency. Commonwealth of Virginia, Department of Motor Vehicles (DMV), Department 
.of Transportation (DOT), and Department of State Police (DSP) 

Overview. When the current central accident processing system (CAPS), operated by the DMV, 
was being developed, a CAPS Committee was formed to oversee the system development. The 
committee included representatives of the DSP, DMV, and DOT The committee now plays a 
central role in maintaining the system and quality of data available from it. 

Cost considemtions. The cost of participation is borne by each agency for its personnel. Cost of 
committee operation was not estimated, but appears to be minimal. Costs of implementing 
committee actions is a separately borne, primarily by DMV as the agency responsible for CAPS. 

Impacts. 
a. The committee has fostered interagency communications. 
b. Safety-problem identification has been facilitated and become more comprehensive since it 

has become a committee function. 
c. The commonwealth has been more successful at receiving federal safety grants now that a 

more comprehensive approach is possible. 
d. A better working relationship has resulted with both FHWA and NHTSA. 

4. Data Element Sponsorship 
Agency. Florida Department of Transp&tation (DOT) 

Overview. The Florida DOT, Transportation Statistics Office has been through a major redevel- 
opment of their roadway inventory system. As part of the redevelopment an assessment was 
made of the data elements to be included in the file. A strategy was employed to place the 
inclusion of data elements into a “market” environment by requiring each data element to have at 
least one “sponsor.” The sponsor(s) is to have responsibility for the definition, collection and 
quality control of the data element. 
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Cost considerations. Presumably the process eliminated unneeded data and saved money. It also 
spread some of the costs of data acquisition and management among the user agencies. The 
savings have not been documented. 

Impacts. There was a significant reduction in the number of data elements maintained in the 
inventory. 

5. Quality Assurance Program 
Agency. Wisconsin Department of Transportation (DOT), Traffic Accident Section(TAS) 

Overview. The Traffic Accident Section of WisDOT developed a quality assurance plan which 
had two major components. The first was the establishment of a “quality-infrastructure.” , This 
component focused on basic management and operational activities to provide an environment 
which would support efforts directed toward quality improvement. The second component was 
the identification of specific quality-assurance strategies, their prioritization and implementation. 
The result has been a multi-faceted approach, both within TAS and outside, for improving the 
quality of crash data available to users. 

Cost comidemtions The principle costs are personnel time. Most of the personnel time is 
required from the TAS. Data processing and personnel costs are explicitly provided for in the 
TAS budget. Costs for the quality improvement program are estimated at 10 percent of the 
overall costs of the division in which TAS operates. This translated to about $100.000 per year. - 
However, the cross-training of personnel resulted in higher classifications for these employees 
because of their broader range of skills. The higher classifications translate into higher wage 
rates. 

Impi3cts. 
a. The office dealing with license suspensions has found that errors have been reduced to an 

insignificant level. 
b. FARS files have been fully coordinated with the state file. 
c. Cross training data-handling personnel has reduced the time required to respond to public 

inquiries, and improved efficiency of PCR handling. 
d. The program momentum has created a sense that unless there are constant and continuing 

improvements being made to the system, there is something wrong. 
e. The savings to the division within which TAS operates, just as a result of the quality 

improvement program in TAS alone, allowed the division to meet its entire “cutback 
requirements” that had been allocated to it as part of a budget reduction. 

6. Outreach Program 
Agency. Wisconsin Department of Transportation (DOT), Traffic Accident Section(TAS) 

Overview. Over the period of several years, the WisDOT, Traffic Accident Section has put in 
place several components of a program to reach out to those who provide and use traffic-crash 
data. Most of this activity has occurred since mid-1991. The purpose is to obtain the best 
quality data possible and facilitate its productive use. Those involved believe that the outreach 
effort has been effective in improving the motivation of officers to provide better-quality data 
when reporting crashes. Components currently in place include: 
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a. A newsletter; 
b. On-site visits to local users and providers; 
c. Provision of crash information to local communities; 
d. Involvement of those outside the section in planning and decision making affecting the 

PCR, and 
e. Officer recognition. 

Cost con&katio~ 
a. The per-issue cost for the newsletter is estimated to include about two-staff weeks plus the 

cost of printing. 
b. The TAS data processing budget has been increased to account for additional requests 

from local communities. This removes another barrier to system use, because local agen- 
cies are no longer asked to pay for the computer work. 

Impacts. 
a. Officers express amazement that the crash data are being used for so many purposes other 

than insurance. 
b. There has been a significant increase in requests from law-enforcement agencies for ad hoc 

reports, 
c. Telephone inquiries have increased because direct personal contact with ‘someone from 

TAS makes the inquirer less hesitant. Inquiries come from both officers who want to 
know how to complete a form correctly, as well as those in the agency who want informa- 
tion from the system. 

d. Data-entry personnel interviewed indicated a noticeable improvement in report quality as 
the program was phased in. Evaluation has not been performed. 

. * 
Direct Communlcatlons with IL&J&U& 

7. Communicating with Local Data Collectors 
Agency. Ohio Division of Highway Safety (DHS) 

Overview. An integral part of Ohio’s highway-safety management is communication between the 
central agency and data collectors at the local level. This outreach is done formally through 
regularly scheduled training sessions, and informally through contact between data entry person- 
nel and local agency personnel. Both sets of communications tend to. reduce the traditional 
“distance” between local personnel including the data collector and the central, safety-data 
operation. Local personnel become part of the system. 

cost corrsidexatiors 
a. Training requires travel and costs for conducting it. 
b. Telephone costs can be high if many contacts are made between data entry personnel in 

Columbus and local agencies. 
d. Time is taken from data entry jobs to make the contact. Each data entry person will key 

fewer reports. 

Impacts. Reducing errors in collecting and recording crash data means that the data will be of 
higher quality, Information based on those data then should have a higher value. Given that 
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communication increases the awareness of the need for quality, the impact of this outreach is 
positive. 

8. Communication with Local Data Collectors 
Agency. Pennsylvania Department of Transportation (PennDOT) 

Overview. Two staff members from the Division of Traffic Safety Data provide ongoing training 
for new officers and as a refresher for other officers throughout the state. Additionally, the 
trainers make special visits to agencies to help resolve issues that central staff have noted, e.g. 
r&coding locations or missing data. The division also produces a bi-monthly newsletter which is 
directed toward the reporting officer. 

Cost collsidetations Two staff members are needed. Additional costs are involved in preparing, 
printing, and mailing the newsletter. PennDOT does not keep data which would provide a basis 
for determining total costs. Such a basis would be useful, particularly coupled with a study of the 
effectiveness of the contact. 

Impacts. On the presumption that trained reporting officers will produce more accurate and 
complete data, then the Pennsylvania traffic safety-database should contain higher quality statistics 
than are available from states not giving personal training and follow-up. Higher quality data 
would mean that studies of crashes using data from Pennsylvania might be better than those 
depending on data from other states. Regardless of potential use of data, the pursuit of training - 
and the use of newsletters is linked closely to an over-riding concern on PennDOT management 
that they have high quality data. 

9. Scannable Police Crash Report Form 
Agency. Michigan State Police (MSP) 

Overview. The MSP is responsible for collecting and processing police crash reports in the state. 
Because of down-sizing, they sought to eliminate staff interpretation of reports by using officer 
self-coding. The revised form and processing system incorporated OMR and was implemented in 
less than one year. Since introduction in 1992, numerous problems here encountered and re- 
solved, e.g., a need to reinstate the narrative and diagram. Reaction to the form and resulting 
data has been mixed, but significant improvements have overcome many of the earlier problems. 

Cost co~~ideratio~~ Determining changes in costs resulting from the switch to a scannable form 
is difficult. The Office of Highway Safety Programs staffing was in transition, with reductions 
occurring throughout the organization. Comparing the cost of a process which maintains pace 

’ Although scannable forms using optical mark recognition (OMR) coding have been introduced 
in several states and appear to be serving as a practical means of reducing time required to 
process crash reports, they have not changed how data are collected and coded. As such, the 
use of such forms should be considered an interim step in enhancing the collection and 
management of traffic safety-data. 
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with the inflow of PCR’s with one that did not is not appropriate. However, significant reduc- 
tions occurred in staff required for data entry. 

Impacts. Effects of the change in PCR format and processing were both primary, i.e. meeting the 
objectives, and concomitant resulting in unforeseen events. The changes resulted in: 

a. The eight-month backlog of police crash reports initially was reduced to 26 days; howev- 
er, further loss of staff has resulted in the backlog increasing to 7 weeks. Based upon a 
sample of 6200 forms analyzed in the early stages of implementation, about 15 percent 
required special handling. Additionally, a significant amount of information on the form 
still must be keyed into a file. 

b. The Department of Transportation (MDOT) has not been able to use the data from the 
new forms because it did not alter its system to accept the new format. 

c. An MDOT analysis of the data processed from the new form through November, 1992 
indicated numerous problems with data quality, but the problems were not compared to 
those occurring with the previous form. 

d. The revised processing at MSP has created a new quality problem. The records created 
from the scanning process and keying process are created independently and later are 
merged in a batch matching process on the central mainframe. The process results in a 
small portion of unmatched reports. Those that are not matched via automated means are 
not corrected later because of the press of other work. 

e. The new PCR resulted in statewide uniformity of crash reports. It integrated the supple- 
mentary truck crash report, as well. The addition of codes on sequence of events and - 
location relative to road offers an opportunity for improved analyses, once the officers are 
correctly reporting it. 

f. The outreach program conducted by OHSP has seemed to be important for identifying 
mid-course corrections. 

g. The change to the scannable crash report occurred within the context of personnel and 
organizational changes. These significant concomitant changes make it difficult to sepa- 
rate the role of the scannable form in the impacts noted. 

10. Development of a Scannable Police Crash Report 
Agency. Wisconsin Department of Transportation (DOT), Traffic Accident Section(TAS) 

Overview. In March, 1992 WisDOT began’developing a traffic crash report that could use OMR 
which would allow automated entry of many of the data elements. A task force was created to 
design the form and field test it. This was accompanied,by a comprehensive implementation plan 
which had policy, training and legislative components. A WisDOT committee was also’formed to 
coordinate the development of a database management system. The target implementation is 
January 1, 1994, with data being available from the system on-line two or three months later. 

Cost considexations The work is being conducted by a senior person working on special assign- 
ment, with the assistance of an engineering technician to do software work. Task-force time was 
also involved, but not measured. The field test will involve extra officer time, since the same 
crash will have to be reported on two different forms. 
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Impacts. The form had not been finally designed, or implemented, at the time of the site visit, 
Therefore, bottom-line impacts have not yet been experienced. However, at the time of review, 
the project team was not sure that WisDOT had conducted a thorough assessment of what Michi- 
gan had done. Such an assessment is critical if the costs of change along with problems encoun- 
tered are to be kept to a minimum. 

11. Vision 2000 Plan for Automation 
Agency. California Highway Patrol (CHP) 

Overview. Based upon a strategic plan for a law enforcement information system developed by 
the State of California in 1990, CHP adopted a plan for automation, calling it “Vision 2000.” 
The concept involved the use of mobile digital computers on which all forms required by the 
Patrol would be automated. Furthermore, the portable device would have capability to read 
magnetically striped driver licenses, and input global positioning system (GPS) data from a 
receiver connected to the device. l%nally, the portable systems would use wireless communica- 
tions and a statewide communications network to transmit the data collected. 

The CJJP has been aggressively pursuing the implementation of the concept, initially through a 
series of demonstration and pilot studies of portable computing devices. Lack of funding has 
constrained the rate of progress. 

Cost com&Iemtions CHP estimates that the complete effort will cost about 72 million dollars, 
plus require about 65 man-years over the next four years. Added would be allocations for non- 
personnel costs. Funding cutbacks in the state budget have slowed these efforts. Other portions 
of the system included: 

a. A statewide automated citation system estimated to cost about 7.8 million dollars 
b. A study of a statewide communications system at 500,000 dollars, with start-up estimated 

to be an additional 50 million dollars. 
c. Approximately 3 million dollars needed to implement an automated vehicle locator 

system for CHP. 

Irnpncts. The automated crash report is being used by about 1000 officers, and there is a backlog 
of demand for training to add users. However, the crash reporting system is currently unable to 
accept the electronic upload, so the form must be printed out in the current format of the crash 
report. Significant savings in officer completion time, compared to manual completion, have 
been repotted but not documented. . 

Additionally, the state has been experimenting with automated preparation of traffic citations. 
The magnetically-striped drivers license along with input from the computer go into a hand-held 
device which generates the citation. The test resulted in a reduction m-errors from 13 percent to 
8 percent. This was estimated to save significant staff time (not documented). About 62 percent 
of the officers in the test area used the device by the end of the project. While automated 
transfer of the data saved some court time, the type of device and the trial nature of the software 
resulted in a slight increase in the time required for an officer to complete the citation, compared 
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to handwritten ones. Problems also were experienced using low-band communications frequen- 
ties along with persons de-magnetizing the stripe. 

12. Local Agency Data Entry - Crash. Reports 
Agency. Ohio Department of Highway Safety (ODHS) 

Overview. Police agencies in Ohio can enter elements from the police crash report directly into 
the ODHS safety system. Development of a relational database for highway safety records helped 
make local data entry possible. Agencies have available all of the online editing features avail- 
able at the central site. As communications links improve, more local entry will become avail- 
able. ODHS management believes that decentralization has improved the quality of the data 
recorded. 

Cost cobkations 
a. Fewer central data-entry personnel are needed. Although, the workload falls on the local 

agency, because it is dispersed, most agencies can provide the entry as part of other tasks. 
b. Data arrive corrected so less time and money are being spent by central staff making 

corrections. The number of errors discovered during batch editing appears to be fewer 
than with the other reports. Less time is spent in making corrections at the batch edit, but 
this value has not been documented. 

c. Agencies have access to the data for reporting. ODHS does not have to incur costs 
associated with specially preparing and mailing reports to the agencies. 

d. On the other hand, more computers are needed as well as increased costs are incurred for 
communications lines. However, as more databases are made available, e.g. roadway, 
emergency medical services, driver licensing, the costs of the computers and links will be 
spread over a wider user base. 

Impacts. Errors in the records processed at the final editing have decreased. Local personnel 
have become active participants in coding highway crash data. They have become supportive of 
the needs of the ODHS, particularly in terms of quality. However, the department has not 
measured the differences between local data entry and central data entry; a study of the differenc- 
es would be beneficial. 

c Another effect on quality is that when corrections are made, it is done closer to the source both in 
time and distance. Because data entry is occurring shortly after the PCR is taken, details remain 
fresh. Also, the person requesting corrections is not an individual in “Columbus,” but generally 
someone the officer knows. 

13. Linked Databases: Crash Records with Driver/Vehicle and Roadway Inventory Records 
Agency. Pennsylvania Department of Transportation (PennDOT) 

Overview. The PennDOT safety-database is linked to both driver and vehicle records, and the 
roadway inventory. This enables data management personnel, both from the input and user sides 
to access the databases for crash data. The linkages are built into the data-entry program. They 
provide facts about the driver based on driver license or name, and about the vehicle based on 
inspection registration number, owner name, registration plate, or VIN. The roadway inventory 
provides the sector and offset data for locating the crash, and makes available elements about the 
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roadway, e.,g. alignment, roadway type, pavement type, etc. The roadway linkage also allows 
safety-data-entry personnel to locate crashes automatically. Linkages provide two-way handling 
of the data. Date, time, and severity of the crash, number of vehicles, and type automatically 
become part of the driver, vehicle, and roadway databases. 

When producing reports, the safety-database manager can use elements from the driver file, e.g. 
citations or previous crashes. Driver licensing staff have crash information available directly. 
PennDOT engineers can obtain a range of roadway data for any specific crash. All of the linkag- 
es are transparent to the users. 

Cost considemtionr Once linkages among systems have been developed, the process of using the 
data from the other files occurs at a minimal direct cost. However, PennDOT has not taken 
advantage of using linked data to reduce costs of data collection. Police officers still record much 
of the data available elsewhere. The coders then enter the data and use linkage for validation 
only. The roadway inventory is the only file that provides data which are not available from the 
crash report to coders or analysts. 

Irnpa~ts. By using linked data, PennDOT is able to help ensure high quality data, particularly as 
they relate to drivers, vehicles, and the roadway. Accurate data for the roadway is important to 
engineers and can help save time by providing summary information about the- roadway and 
crashes automatically from the database without having to resort to individual crash reports which 
is done in other states. Additionally, researchers interested in the relationship between types of 
vehicles and crashes can obtain these data, generally with a greater degree of accuracy than had 
the state depended upon the police officer to record facts about the vehicle accurately at the 
scene. Finally, because the crash itself is recorded on the driver license and roadway inventory 
systems, users of these systems have timely information about crashes. 

Non-SwQmXrasb Inv- 

14. Use of Non-sworn Crash Investigators: Community Service Officers 
Agency Fort Collins, CO 

Overview. The Fort Collins Police Department uses their Community Service officers (CSO) for 
traffic crash investigation. The CSO’s work regular shifts and are assigned to all crashes occur- 
ring during their shift. They can cite drivers for violations of traffic laws but cannot make 
physical arrests. In addition to their handling of traffic crashes, they perform other traffic and 
police services including: vehicle investigation and taking reports of crimes where a suspect does 
not have to be interviewed. Their work on non-enforcement activity has freed officers in the 
department to handle those tasks which require the presence of a police officer. . . 

Cost considemtiorrs Pay for the Community Service Officer is set at 75 percent of the top pay 
for a patrol officer which currently is 39,000 dollars per year. The pay scale arose from a study 
done by the department in which they compared what the CSO was doing to similar positions in 
other departments. The lower pay also means that indirect costs such as FICA and pensions will 
be lower. Differential in pay, approximately 9000 dollars per officer, results in a savings of 
approximately 63,000 dollars annually as opposed to the salaries which would have to be paid for 
7 police officers to replace the CSO’s. 
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Other indirect savings exist. CSO’s receive less training; they are available more hours for duty. 
Police now have more time for enforcement or investigation. Finally, the CSO becomes an 
expert in certain aspects of work such as traffic crash investigation. They can perform the task 
faster and are more likely to perform a quality job. 

Impacts. 
a. lower costs 
b. persons devoted to traffic crash investigation who have the time to complete their work 
c. expertise arising from repetition; higher quality investigations 
d. freeing of police officers to concentrate on enforcement and patrol 

15. Use of Non-Sworn Crash Investigators: Public Service Aids and Traffic Homicide Inves- 
tigators 
Agency. Ft Lauderdale (Florida) Police Department 

Overview. The reporting of many traffic crashes by Ft. Lauderdale is performed by non-sworn 
Public Service Aids (PSA) rather than by sworn police officers, when available. Otherwise, ‘I 
motorcycle traffic enforcement officers will serve as the next available investigator. The PSA 
works daily, except between midnight and 690 am. An additional group of non-sworn homicide 
investigators handle all fatal or probable fatal crashes and will be called out as needed if such a 
crash occurs when none are on-duty. These non-sworn personnel go to the scene will take over 
the investigation at that point. 

Cost considetibns The non-sworn investigators earn about two-thirds the salary of sworn 
officers with similar experience. These start at almost 15,000 dollars per year; sworn officers 
earn almost 23,000 dollars initially. Because the average non-sworn officer has much less 
experience than the average sworn officer, the average pay difference is almost double. Benefit 
and indirect costs also are lower. 

Impacts 
a. The crash investigators are well integrated into the department 
b. They are accepted by other employees and no “turf” problems have arisen. 
c. Since the PSA’s provide both a service at a reduced cost and serve as a potential cadre 

for sworn officers, their impact is positive. 
d. They also handle more crashes than’most patrol officers and’can become quite proficient 

in completing crash reports. 

16. Use of Non-Sworn Crash Investigators 
Agency. Rapid City (South Dakota) Police Department 

Overview. The Rapid City Police Department has employed non-sworn personnel as crash 
investigators for more than 15 years. They complete all investigations of crashes; however, they 
cannot write a citation or make an arrest. When not handling crashes, the investigators assist 
with a wide range of traffic duties including auxiliary patrol. Their ability to devote their time to 
traffic crashes has provided a well trained and dedicated set of investigators who, the department 
believes, provide quality investigative services. 

Highway Safety Data: Costs, Quality, and Strategies for Improvement - The Traffic Institute 

101 



Cost considerations The crash investigator starts at 9.95 dollars per hour. After three years. they 
earn 11.70 dollars per hour. The department provides a uniform, vehicle, and a wide range of 
training. The investigators work approximately the same number of hours annually as sworn 
personnel and receive the same ongoing training. If the investigators earned as much as an 
officer, the department would disband the operation. 

Two savings exist. First, the pay differential is approximately two dollars per hour or 4000 
dollars annually. The four investigators represent more than a 16,000 dollar annual savings in 
salaries (additional .savings arise from a lower amount of benefit costs). 

The other savings is one of time. According to the divisional manager, the investigator is more 
proficient in handling a crash. Less time is spent at the scene and the data gathered more likely 
to be accurate and complete. This means less time is required for police who need to assist at the 
scene, as well as less supervisory time to review documents. Because of the expertise of the 
investigators, management also believes that team members spend less time in court and are more 
likely to obtain convictions. None of this of this second series of savings has been documented 
formally. 

Impacts. 
a. lower costs 
b. persons devoted to traffic crash investigation who have the time to complete their work 
c. expertise arising from repetition; higher quality investigations 
d. freeing of police officers to concentrate on enforcement and patrol 

17. State-Level Interpretation of Crash Data Reporting 
Agency. Pennsylvania Department of Transportation (PennDOT) 

Overview. Most of the description of the crash and contributing circumstances inPennsylvania 
derives from the crash diagram and narrative. Analysts at PennDOT interpret these two elements 
of the crash report. That interpretation leads to a coded description of events and manner of 
collision for all involved units; as well as contributing circumstances other than light, weather, 
and road surface at the time of the crash. 

Cost cotkbatiorrs No-data are available regarding the time required by staff to interpret the 
narrative and diagram in order to develop contributing circumstances and events as opposed to 
coding the data submitted by police officers. However, PennDOT has assigned six persons solely 
to the analytical work. Even though these analysts also determine location where the crash 
occurred, more than 50 percent of their work involves analysis of events and related crash data. 
Without such coding, as many as three fewer persons might be required, particularly if the 
automated location coding increases from 30 percent to 80 percent. 

Impor&. Given how the analytical work is performed, the coding of events, location relative to 
road, and manner of collision probably is more accurate and precise than if the officers in the 
field had performed the same work. The safety database is far more likely to contain multiple 
events than what otherwise might be expected. What can not be measured are two elements. 
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First, is the added value of the data to safety users when given multiple events instead of one 
event. Second is the difference in overall costs between having dedicated personnel perform the 
task and using the officer in the field for the same work. That officer may be gathering the data 
and coding the form as part of other work and the incremental time required, because it might be 
filling waiting time, may be minimal or none. Without a carefully conducted study of time, 
comparisons can not be drawn. 

18. Study to Establish Proactive Problem Identification 
Agency. Office of Traffic Safety, State of California 

Overview. The staff at the Office of Traffic Safety (OTS) is responsible for developing, funding 
and administering the state’s highway safety plan. They decided that the safety plan and individ- 
ual projects should be based upon a more comprehensive picture of a community’s safety prob- 
lems than was currently the case, and that OTS would take on the task of helping localities 
identify and profile the problems. To do this they sought outside expertise, which they fo,und 
within state government at the Department of Finance. The Department of Finance maintains a 

” 
“consulting” grpup whose role it is to conduct special operational studies for state agencies. OTS 
contracted with the Department of Finance to develop a proactive problem identification that 
could replace current practice. The study team developed a microcomputer-based database which 
combines data from several agencies to allow users to develop profiles on traffic safety conditions 
in each community within the state. 

Cost considerations No costs were made available to the project team. However,savings, in 
terms of dollar loss, may accrue as [problems are identified and resolved thereby reducing the 
number of crashes. 

Impnets. Because the report was just being completed at the time this summary was being 
prepared, it is too early to determine the actual impact. However, early reactions of OTS to the 
use of the database were reported as enthusiastic. The intended impact is a more optimal High- 
way Safety Plan and a reduction in crashes. 

Roadway Inventory 

, 

19. California Highway Inventory and Performance System (CHIPS) 
Agency. California Department of Transportation (CalTrans ) 

‘. 

Overview. CalTrans had developed a plan for a corporate database in the mid 1980’s. Slowly 
they have been building it. Most recently they received approval to proceed with the highway 
inventory and performance system. The project is under the control of a management committee 
consisting of the CalTrans division chiefs. In addition, a user group has been formed. The 
department has created a small staff to act as the core resource for the project, but it depends 
upon significant volunteer work from other staff. A target of December 1993 had been set for 
the presentation of a concept plan. 
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Cost considerations The planning effort is being funded with Highway Planning and Research 
program funds, No costs were available. 

Impacts. Because the system is not yet in existence, there are no impacts to report. The antici- 
pated benefits will be improved decision making, due to improved accessibility to needed infor- 
mation. 

20. Automated Updating of Roadway Inventory 
Agency. Pennsylvania Department of Transportation (PennDOT) 

Overview. The PennDOT uses special software and on-site verification to update its roadway 
management system @MS). The system contains data covering more than 100,000 miles of 
state-numbered highways. Of this amount, approximately 41,000 miles are state maintained; an 
additional 67,000 are municipally maintained. PennDOT uses a segment and offset method for 
their system. The segments for each highway start at the county line and are numbered sequen- 
tially along the specific highway. They end at physical features and represent lengths of approxi- 
mately 0.5 miles.2 Because of the methods used to update the system, and the availability of all 
data during reconstruction (allowing changes to be incorporated at the time they are done), RMS 
management believes the system to be more than 95 percent accurate. 

When a contract for reconstruction or maintenance is let, the contractor receives all data for the 
segments included. This eliminates the need for the contractor to record such data before starting 
work. Further, the system is updated based on the plans as let, then with the “as built” specifica- 
tions. 

Cost considerations TotaI costs annually exceed one r&lion dollars. Not included is an amorti- 
zation of costs for the vans, and for computer operations. The latter include the micro computers 
and associated hardware for the field, computer time at central headquarters, and the costs of 
upgrading the central RMS system. 

According to the manager of the system, a large proportion of the personnel costs goes to wages 
and per diem for college students who collect data on roadway condition during the summer. If 
PennDOT reduces the frequency of gathering roadway condition-data to once every third year 
instead of biannually, the annual cost for the RMS would decrease to approximately 750,000 
dollars. , 

Impacts. The use of dedicated equipment, vans, microcomputers, and software, and scheduled 
reclassification of the highways has helped PennDOT achieve a 95 percent accuracy for their 
roadway management system. This accuracy is reflected in their ability to provide data and 
information for multiple needs. Most importantly, they can save time and money when letting 
contracts for reconstruction or maintenance. The contractors receive much of the data about the 
portion of the roadway under contract directly from the system. 

’ (Segments for municipally-maintained roadway data start at the municipal boundary. The segments 
represent points between every intersecting state-number highway within the municipality.) 
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2 1. Automated Roadway Inventory Data Collection and Straight-Line Diagram 
Agency. Commonwealth of Virginia, Department of Transportation (DOT) 

Overview. A 1983, consultant study identified the lack of a coordinated highway inventory and 
traffic-crash system as a high-priority deficiency to be corrected in DOT. In 198.5, development 
began on a new Highway and Traffic Records Information System (HTRIS) which included 
provision for a computer-generated straight-line diagram for accessing and interacting with the 
roadway inventory. Late in development, DOT decided to develop a field data-collection proce- 
dure that would use a laptop computer in a moving vehicle with a two-person crew to acquire 
highway inventory data. The system is seen as an efficient means for collecting data on over 
9,000 miles of primary state highways, plus Highway Performance Monitoring System (HPMS) 
samples and other secondary sections. It is integrated with the automated straight-line diagram 
which is also linked to the DOT crash-report imaging and location-coding systems. 

Cost considelations The detailed design and implementation of the HTRIS system was per- 
formed by a consultant working with DOT. The system development cost was about 4.5 million 
dollars. There was also significant DOT staff time involved. After the consultant was completed, 
DOT expended significant internal staff time to revise the system,. 

Impacts. 
a. System integration and automation greatly facilitates current DOT work. 
b. Elimination of redundant storage of administrative inventory data. 
c. Reduced duplication of storage of crash data Department of Motor Vehicles (DMV) and ‘. 

DOT. Previously, DOT had directly accessed the DMV crash database. However, the 
location-coding systems are now incompatible which requires separate storage of the data. 
Because DOT uses the initial crash file created by DMV to generate its crash file, there is 
no redundancy of data entry. 

d. Traffic-crash analyses were temporarily disturbed when access to the crash-data system 
was lost, and before all the problems of the new system were resolved. The two systems 
were not operated in parallel during the transition. 

rtv A . . 

22. Quality Improvement Program - Roadway Inventory 
Agency. Florida Department of Transportation (DOT) , 

Overview, A comprehensive transportation data-quality review was instituted by the Florida 
DOT. As part of this process, the roadway inventory system was evaluated and modified. 
Procedures were changed and quality control practices”iistituted which reduced the error rate 
from approximately one 50 percent to about 10 percent of the items in the file. 

Cost considerations Improvement in the accuracy and completeness of the data will result in less 
effort on the part of users in correcting erroneous files. The two significant additional continuing 
cost activities are the annual reviews and the annual meetings. The use of a six-person quality- 
control team visiting each district in the state for the roadway inventory is a good case in point. 
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Impacts. Error rates have been reduced from a point where about half the elements in the record 
contained errors to an error rate of about ten percent. Further savings may result as data collected 
are subject to justification, and as redundant data sources are merged. 

23. Quality Assurance Programs - Crash Location Coding 
Agency. Florida Department of Transportation (DOT) 

Overview. About three years ago, a data-quality study was performed on the location referencing 
system, and a 25 percent error rate was discovered when comparing hard copy of crash reports 
with locations entered into the database. When this became known to the states’s Secretary of 
Transportation, a database quality-review team was established to look at all source data and their 
processing. An analysis of the Roadway Characteristics Inventory (RCI) revealed that half of the 
data elements in the file were in error. Standards and procedures were established to improve 
quality, and a program was implemented. 

A multi-level quality-control process has been established for the location-coding process. ,.As a 
result, the latest estimate of error rate is less than two percent. The program is similar to that 
instituted for the roadway inventory system. A standard of 95 percent accuracy has been estab- 
lished along with timeliness standards. While the inaccuracies resulting from the coding process 
have been greatly reduced, the inadequacy of the data on the police crash report (PCR) continues 
to be a problem. Staff estimates that as many as 40 percent of the crash reports that DOT will 
record not codable due to lack of information and errors. 

Cost considemkiorrs Changes in costs resulting from the new procedures cannot be readily 
documented. The implementation costs also were not available. However, the systems in place 
now would seem to be more labor intensive since there is manual intervention in the process to 
identify and correct errors. Otherwise, the data management systems in place would not seem to 
represent any unusual expenditure, except that experienced for their development and initial 
implementation. The current expenditures for salaries and materials associated with maintenance 
of the location-referencing system, and the location coding of crash reports, is estimated by the 
DOT to be 207,500 dollars annually. 

Impacts. The accuracy of the location-coding system has been increased to greater than 98 
percent. 

Relationship of Noteworthy to Issues 

Agencies have introduced practices described above to address issues that have arisen with 
the operation of their highway-safety information-systems. A summary of issues affecting the 
collection and management of data appeared in Chapter 3 in tables 10 through 13 relating to 
collecting and reporting data for the three sources: highway, roadway inventory, and medical. 
The remaining tables 14 through 16 describe issues affecting management of those data. This 
final section relates the noteworthy practices to the issues. It also sets the stage for the 
strategies which are discussed and evaluated in the next chapter. 
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Even though the discussion of noteworthy practices was organized by source of the safety 
data, many of the practices are more universal. For example, state-wide user groups were 
formed to improve the quality of crash-data collection and management. However, such a 
group also could give its attention to roadway inventory and medical data. 

The assessment of issues affected by the noteworthy practices also is limited to current 
applications. However, the practice could be extended to cover many of the other issues. For 
example, the use of state-wide user groups provides an excellent vehicle to expand coverage 
to many of the issues not presently considered. Whereas a users’ group now is working with 
the implementation of local data entry, it could extend its reach to cover the use of automated 
resources as part of that process of local data entry. 

Practices Affecting Handling of TmiRc Cash Data 

Eighteen of the noteworthy practices discussed affect issues related to the handling of traffic- 
crash data. Issues include collection, reporting, and management of those data. As shown in , 
table 38, not all issues are covered. A majority of the efforts appear directed toward issues 
related to reporting the crash data, with lesser coverage of data management, and even less to 
gathering the data themselves. For ease of display, several of the practices have been 
grouped: state-level user groups, communication with local collectors, and non-sworn investi- 
gators, This grouping, however, may be somewhat deceiving. Combining them suggests that r 
each of the individual practices affects more issues than might be the case. On the other 
hand. differences are not substantial. 

Of all the practices, the use of non-sworn investigators to handle traffic crashes appears to 
have the widest potential effect on issues. Most importantly, these persons can act to improve 
the quality of gathering and reporting the data. The use of state-level user groups, although 
generally formed to work with the data-management component of the system, also has been 
able to address other issues, particularly those related to reporting crash data. ’ 

The quality-assurance programs appear more oriented toward managing crash data. However, 
the outreach program in Wisconsin does attempt to work directly with the reporting officer 
and address some issues related to collecting ‘the data. The program, of sponsorship is most 
appropriate in regard to its potential to resolve issues relating to data contained on multiple 
databases. The use of linked databases also can help resolve many of the same set of issues. 

However as table 38 also indicates, a number of gaps appear. With the exception of using 
non-sworn investigators, none of the practices have addressed some key problems with data 
collection including the conflict in roles of the data collector, need to establish fault, inconsis- 
tent coverage, and incorrect use of resources. Also ignored are improvements in gathering 
data away from the scene along with handling and recording data from multiple sources and 
on multiple documents. 
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Finally, within the phase of data management several key issues remain. One revolves 
around the maintenance of paper files particularly for later access by users. The other impor- 
tant issue is that of confidentiality, precluding direct access to the data. Without resolution of 
the latter, data may not be available to the users who need them. 

Practices Affecting Handling of Medical Data 

None of the sites visited operate a comprehensive system to handle EMS and trauma data. 
Florida and Pennsylvania are in the process of developing systems which will provide data 
from a centralized source. Florida is employing OCR and OMR to their process of recording 
data. Further study of the Florida system should provide useful insight into how a state can 
address the need to collect and manage medical data related to crashes. . . 

one practice is now being researched based on federal initiative. A number of states are 
evaluating the use of statistical methods for linking medical and related data covering injuries 
to traffic crash reports. The project titled CODES attempts to enhance the quality of injury ,. 
data available for persons who were involved in traffic crashes. An interim report from 
NHTSA related to CODES was not available at the time of this report. These noteworthy 
practices along with the need to resolve the issues serve as the basis for the next chapter in 
which as more comprehensive set of strategies are described and evaluated. 

Practices Affecting.Handling of Roadway-Inventory Data 

Five practices were identified as relating to the handling of roadway inventory data. Table 39 
shows how each practice affects issues related to the inventories. With the exception of 
CHIPS in California and the PennDOT systems, other noteworthy practices do not give 
attention to one of the more important needs, the linking of roadway inventories to crash 
databases, Also, none of the programs in place have approached the lack of coverage of the 
roadw’ay inventory as it relates to coverage of various classes of highways. 

Finally, roadway inventories have limited data regarding longitudinal geometric. Some 
experimentation is underway to integrate pattern recognition from video and GPS to help 
identify and accurately measure both horizontal and vertical elements. Although no state 
currently is practicing this task, some individual efforts have been demonstrated. 

In response to the nearly 40 issues identified affecting gathering, recording, and management 
of traffic-crash data, sites throughout the nation have developed practices to alleviate or 
resolve the problems. Although many of the practices were developed to address one specific 
problem, they could be used to address others. The previous discussions has indicated where 
a specific practice or groups of practices. 
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Table 39 
Noteworthy Radices Affecting Issues 
Related to Roadway-Inventory Data 

A. COLLECTION 

An examination of the issues and the 23 practices shows that many affect the quality of the data, 
particularly its accuracy, coverage, and timeliness. Proper training of the collectors, recorders, and 
data management personnel, review of their work, and feedback often are lacking. In many instanc- 
es, these practices also could reduce the duplication of efforts in collecting and managing data. 
Where the same element are duplicated on multiple databases, opportunities for error increase. In 
addition to the potential for errors, duplication generally increases the costs of the process. 
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7. Evaluating Strategies for a Highway-Safety Information System 

As work progressed on the project, the needs for improving the collection and management of 
safety data became more apparent. Means for resolving most of the issues also became 
clearer. The literature and site visits conducted as part of the project provided examples of 
many noteworthy practices which have been adopted in various agencies across the U.S. and 
elsewhere. These were addressed briefly in Chapter 6. 

This chapter identifies and evaluates strategies for improving highway-safety data-collection 
and management. They apply to the three sources of data studied: crash, medical, and 
roadway inventory. Most of the chapter is devoted to evaluating the strategies including 
examining relative cost-effectiveness. The goals, objectives, and measures previously de- 
scribed serve as a basis for assessing the candidate strategies. 

The project team compiled an initial list of more than 40 strategies for improvement. Most of 
the strategies grew from considerations of how to improve the reporting and managing of 
traffic crash data. However, many of the same strategies also would help resolve issues “- 
related to roadway inventory and medical data. The strategies are organized according to the 
processes of collection and management with further subdivisions in each. Data collection 
strategies are further grouped into those which alter methods used for collecting or reporting 
data, and those which assist the collector. Management is divided into strategies which 
improve administration of the system, data entry, and how data are stored and made available. 
Table 40, at the end of this section, describing the strategies, lists the all the candidates. 
Their applicability to each of the three data sources also is indicated. 

Data Collection - Change Methods (CC) 

Currently data are collected using the police crash report (PCR) or a wide variety of emergen- 
cy medical services forms. In most states, the PCR is completed at the scene by the respond- 
ing police officer. EMS personnel complete “run” forms. Strategies described below are 
directed toward changing how data are collected and reported. 

1. Telephonic reporting. Reports of minor crashes and defects in the roadways can be telephoned 
to a central location. It requires that the report be taken by personnel who are trained to ask 
questions correctly, and it requires some form of answering on a 24hour basis. Roadway 
faults also could be reported by drivers and police, then forwarded to the appropriate highway 
engineering personnel. 

2. Use of sampling. Use of sampling provides a mechanism by which a large amount of data can 
be obtained without requiring a substantial increase in time. Through sampling, a selected set 
of crashes may be investigated in more detail than others. The detail captured in some of the 
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samples may be even more than is done currently. Lack of certainty about the true universe of 
crashes occurring makes this strategy problematical. 

[crashes] Police use two versions of the crash report to obtain data about all crashes. The 
shorter version obtains basic data about what, where, and who was involved. Crashes selected 
using a sampling method would require completion of a longer, more comprehensive docu- 
ment. Stratified sampling techniques ‘also can be employed. 

[medical] For the medical database, sampling can be used to provide greater coverage on 
selected injuries, including outcomes of injuries which normally are described only in terms of 
treatment required. 

3. Increase repMing ttueSholds. Increasing the reporting threshold reduces the number of crashes 
.which the police must report to the state safety agency. For example, police may only have to 
report those crashes resulting in an injury or for which a tow resulted because of damage 
sustained. To be effective, such increases in threshold also require dispatcher intervention to 
reduce the number of responses made by police. 

4. Non-sworn cmh investigatou’Data collection specialists. The specialist is one specifically 
trained in gathering the required data. That task is his primary function. 

[crashes] Instead of using patrol or beat officers, trained non-sworn crash investigators would i 
handle crashes. Such a position is being employed successfully in communities throughout the 
nation. 

[roadway inventory] For roadway inventory, technicians can be hired and trained specifically 
for the purpose. 

5. Use of non-automated/automated technologies Emphasis, particularly for crash reporting will 
be on the use of non-automated technologies. The limitation has been employed because the 
Federal Highway ,Adrninistration (FHWA) currently is pursuing the use of technologies 
through other research projects. However, for roadway inventory and medical*data, integration 
of portable computers and relational databases show significant promise. 

[crashes] Investigators &n record data about a crash on tape recdrders, notebooks, portable 
computers, and video cameras. These media’then can be integrated to prepare the crash report. 

[roadway inventory] Employ portable computers in specidy designed vans with fifth-wheel 
equipment to verify roadway features and allow entry and correction of those features. 
Recording can be enhanced through use of global positioning systems (GPS) and video 
recognition software. Portable computers allow recording of data from construction plans 
during and after completion. 

[medical] Portable computers, particularly linked to trauma centers, can provide basis for 
comprehensive, centralized medical databases. 
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6. Common, state-wide EMS and traUma mpoting form. To help ensure capture of key EMS 
and medical data, all EMS and trauma personnel need to use forms which allow recording of 
data which are needed for the highway safety information system. 

7. EMS collects aU iqjwy-mhted data All data related to type of injuries and their potential 
causes will be completed by the EMS personnel who are on the scene and treating the injured, 
These data will not be collected by the police but key elements from the EMS data will 
become part of the crash safety database. Linkages between EMS databases and the traffic 
crash data are required. 

8. Must-move legislation. Requires the removal of vehicles from the scene as soon as possible. 
This legislation is designed to reduce congestion and the potential for secondary crashes. 
Crash data collection takes place off-road eliminating the potential for further harm to,the 
reporting officers and involved persons. 

9. Molp extensive supervisor Review. Supervisors give all crash reports more intensive review. 
Blank spaces are not accepted; accuracy is verified. Errors, when detected, then are corrected. 

[crash] The strategy emphasizes local-level quality review. It needs to be coupled with efforts 
to reward effective investigation and reporting. 

[roadway inventory] The reviewer is responsible for ensuring that all attributes of quality are 
met. 

10. Completion‘by specially trained pemonnel. Reports are completed at the local level by persons 
specially trained in crash analyses or injuries and their treatment. The data collector and 
reporter provides notes for a specialist who completes the crash or medical data report. 

Il. Use of short-form and long-form reports. Both the police crash report (PCR) and EMS reports 
come in a short and long form. Elements contained on the short form are collected for every 
crash reported by investigators or EMS personnel. The long form contains additional elements 
which describe the crash, drivers, vehicles, environment, and injuries in a more comprehensive 
manner. This longer form is completed only when the crash severity exceeds a specified 
threshold, e.g. an injury or one of the vehicles required a tow as a result of damage sustained. 

12. Sworn crash investigatow. Instead of using patrol or beat officers, specially-trained police 
crash investigators would handle most crashes. The police officer receives advanced training 
in crash investigation and carries all tools needed to perform his job. Where multiple crashes 
occur, beat patrol would be dispatched to and handle the less severe crash. 

Data Collection - Assist the Collector (CA) 

In addition to changing the methods used to collect and report data, tools can be provided 
which assist the collector in the performance of the work. The purpose of these strategies is 
to help reduce time required while encouraging higher quality collection and reporting of the 
data. 
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1. Improved instruction manuals. Prepare simple, pictorial manuals which show how to investi- 
gate a crash and report each element. The manual must contain a good index which makes it 
particularly useful for the officer who has just begun to report crashes or who handles a 
crashes infrequently. It is helpful for training and re-training. Properly prepared instruction 
manuals can be applied to reporting data for all three sources: crash, medical, and roadway 
inventory. 

2. Pm-printed diagrams. Most crashes are similar in that they involve either a single vehicle 
striking a fixed object, or two vehicles in an angle, rear-end, or sideswipe collision, The 
officer selects the appropriate diagram and adds features and measurements. The diagrams can 
be part of the crash report or contained on a separate page. 

3. Simplified form design. Simplifying the form can be accomplished by reducing the number of 
data elements collected as well as the number of codes within elements. In simplifying the 
report, fewer codes are available along with fewer elements to report. The form should be 
limited to one side, where possible. 

Simplified forms are not appropriate for either roadway inventory or the medical community. 
Roadway inventory data require a significant number of technical details which do not lend 
themselves to a simple report. The medical providers need comprehensive data to provide 
adequate treatment. 

4. Revised/iipmved design and foxmat. The crash report is completely revised and redesigned to 
help guide the collection and recording of data. The goal is a form which is easier to read and 
reduces the need for reference manuals. During revision, extensive field input, testing, and 
evaluation are performed. During redesign, care must be taken to ensure continuity of ele- 
ments and their coding from one design to the next. Failure can result in discontinuities in the 
data and an inability to perform long-term studies. 

5. ImpFnved definitions of elements/codes. Errors often appear to stem from lack of clarity in 
descriptions. A task force reviews each element and code based on an analysis.of how the 
codes have been reported and how many errors made, along with evaluation of planned coding 
by impartial third parties. Once the task force has completed its review, the PCR is revised to 
incorporate the findings. 

6.. Priorities given to reporting. Agency management increases the p’riority of investigating and 
reporting crashes. Investigators are sent to the scene of all crashes and provided time.and 
tools to complete reporting of the crashes effectively.. Reviewers have time to check for 
quality. They validate the data reported, particularly in terms of accuracy and consistency, as 
well as insuring completeness. On-going training for investigating crashes, and collecting and 
recording data are important tasks. 

7. Enhanced t&ning. At the state level, employ audit and training teams. Their responsibilities 
include first-time and recurrent training, and review of issues in crash reporting with individual 
agencies and officers. Larger agencies can develop the training for themselves. Training for 
smaller agencies occurs on a regional or state level. Ongoing training, where properly per- 
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formed for all three of the sources, crash, medical, and roadway inventory data, can provide 
appropriate support for improved quality. 

8. Collector incentives. Quality reporting can be rewarded in a number of ways. A most com- 
mon example for law enforcement is preference given to the assignment of overtime. Other 
rewards such as additional training, choice of shift or assignments, additional time off, and 
even material awards, can be valuable. Rewards can be forthcoming from both the agency and 
state level. 

9. Interact with cormterparts. Personnel who collect and report the data can be provided oppor- 
tunities to interact with others who perform similar functions. These sessions, particularly 
when linked with training can provide significant opportunities to improve the collection and 
recording of data. Additionally, involved persons have opportunities to recommend changes or 
improvements to the process. 

[crashes] For crash reporting, the state can oversee local task forces which attempt to. identify 
important issues related to investigating crashes and using crash data. 

[medical] Reporters of medical data have an opportunity to meet with counterparts who 
perform the same tasks. Specialized programs can be initiated at these sessions, particularly 
where such programs may require short-term collection of additional data. 

10. Conferences and tmining pro-. The state can provide funds for selected officers to attend a 
conferences or special training sessions. Persons performing quality work also have opportuni-, 
ties to participate in specialized training for handling crashes. Conferences and specialized 
training also provide interaction among persons with similar interests. They also give the 
collectors a wide range of contacts and may involve users of the data who can provide feed- 
back regarding the quality of reporting. 

11. Field participation in forms design. Officers are selected to assist the state in ongoing redesign 
and updating of the PCR. They also can be responsible for testing as versions are developed. 
Whenever a state agency reviews the PCR, it needs to include field personnel in that review. 
Similar steps can be done with collectors of roadway inventory and medical data. 

12. Minimum wage personnel for W coUec,tion Roadway inventory is updated on regular basis 
through the use of persons on minimum wage or students to walk’the roads and record specific 
data, This step makes the assumption that the features are located accurately along the road- 
way and that personnel are verifying those features including road surface and painting. The 
strategy can supply substantial data about roadway features and enhance the usefulness of the 
roadway inventory. 

13. Common coding &ionaIIy. Use the standards that have been developed for crash reporting on 
a national basis (e.g., ANSI, NGA, and CADRE). States have made the attempt to employ 
these standards when updating their PCR’s. 
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[crash] The greatest difficulty in standardization and increase in codes lies with those who 
collect crash data. Crash reporting is a task that must be performed, but has a low priority for 
completion. Adding data or complexity to a report does not encourage improved quality. 

[roadway inventory] Although no national reporting standards exist for reporting data on 
roadway inventory, the FHWA Highway Performance Monitoring System can provide some 
guidance. 

[medical] The abbreviated injury scale has been proposed as a means of achieving national 
consistency in reporting injury severity. However, the coding system is oriented more toward 
supporting appropriate treatment than for safety analysis. 

14. Computer directed interview (AI/expert systenrs). Police use a computer program to help 
guide their interview of persons involved in the crash, as well as officers who have investi- 
gated it. This strategy employs expert systems which identify elements needed dependent 
upon the type of crash. It helps ensure completeness in collection of appropriate data. 

For EMS and medical personnel, the computer directed interview could enhance the compre- 
hensiveness of data. The interview would be able to probe for responses, most of which the 
personnel would be trained in providing. 

Data Management - Adminisidive (MA) 

Data management refers to recording data to databases, then maintaining and making the data 
available. Guiding the process is data administration. Strategies are suggested which can 
reduce the effort required to manage the data while also improving the availability and quality 
of the data captured. 

I. Security for privacy. Improved security must be implemented to prevent inappropriate access 
so that data can be made more available. Particularly important is the security of medical data 
to prevent inappropriate or inadvertent invasion of privacy, yet allowing access to data re- 
search. 

Security for privacy is often confused with ownership of the data. In many cases, security 
measures are applied because the owner does not believe that the ,data should be shared, or 
worse that “someone’ may misinterpret them.” Additionally, laws designed to protect individ- 
ual privacy often are misinterpreted. preventing release of data in which the individual can not 
be identified. 

2. Quality-assurance progranrs. Programs for quality assurance place emphasis on ensuring that 
data received are of high quality. Elements of this strategy include appropriate training and 
auditing of field work, editing of the data, and feedback regarding issues as well as high 
quality work. Each of these aspects provides tools to help people who work with the data 
enhance usefulness as well as quality. An overall program of quality assurance requires 
supporting staff to coordinate efforts and operate programs, and is given high priority. 
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3. Management support, For data administration, management support includes a priority for 
ongoing review of how data are collected and processed. It includes interaction with users to 
determine who are using data and how effective is that use. Management, through this interac- 
tion, can identify issues with data collection and storage that need to be resolved. Additional- 
ly, management needs to oversee regular review and updating of the database along with 
vehicles used to collect and process the data. 

4. System task-forre. A task force is responsible for overseeing operation of the system. In this 
role, it reviews the process of collecting highway safety-data, the tools used in collection, and 
the data themselves. It receives input from all persons associated with the system, including 
those collecting, recording, and coding the safety data, as well as the users. A system task- 
force is concerned with accuracy, timeliness, and simplicity of operations. It helps insure that 
data from various sources can be used efficiently and accurately. 

Where linked databases are coming into oReration, a system task force becomes a necessity. 
The group must oversee the relationships of the bases so that the data may be shared properly. 
If a medical database is one of those linked, an added burden is to insure that those data are 
available while respecting privacy guidelines. 

5. Reorganization of management. Managerial structure, particularly in regard to database design 
and development, has evolved out of the single-organization, traditional, vertical structure. 
This structure does not encourage fast response to issues, particularly where issues cross 
departmental or agency lines. More importantly, a single organization can not have m-depth - 
knowledge of needs from others outside that group; it attempts to satisfy what it perceives to 
be needs of others. The management team must have authority to manage and maintain the 
system, not just one database. Along with the team is a data administrator who has a broader 
view and understands the role that data play in the overall picture. 

Data Management - Data Enby (ME) 

Data entry represents the largest recurring costs associated with managing the three sources. 
Strategies are directed toward reduction in cost and improvement in the efficiency in record 
quality data. 

1,. Scannable fours. Use of optical mark recognition (OMR) and optical character recognition 
(OCR) assist with capturing data from reports. The introduction of this strategy requires 
revision of the crash reports. OMR and OCR technology has applicability for all three sources 
of data; crash reports, EMS/trauma reporting, and roadway inventory. 

Scannable forms using OMR, however, may be an interim step. Automated methods and 
distributed database will reduce or eliminate the need for coded forms to collect data. 

2. Online and batch editing. Online and batch editing are part of data entry. Online editihg 
,helps catch errors either in coding or in data entry while the form is-immediately available to 
the data-entry staff. They also may be able to make immediate contact with the reporting 
agency to clarify errors. Batch editing allows the use of more sophisticated editing rules, This 
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can help reduce some of the inconsistency found within forms, e.g., weather and road condi- 
tions which do not match. Automated editing often can replace missing values, 

On the other hand, online and batch editing can not correct errors of accuracy where an 
erroneous code value has been used and is consistent with other values. The codes still must 
be reviewed and corrected. 

3. Linked sounxs of data. By linking sources of data which apply to crashes, including driver 
license, vehicle registration, roadway inventoryC and medical data, fewer elements need to be 
gathered and coded by a collector of crash data. More importantly, the linked databases can 
provide more data about an incident than had a single individual attempted to collect them. 
Finally, the databases are maintained by those who have the largest stake in quality, e.g. driver 
license data are maintained by the licensing agency. This process helps improve the quality of 
all data. 

4. Local data entry. Instead of forwarding all reports to a single source for data entry, the 
agencies which collect data also enter them. When local processing is done, crash reports are 
part of the safety information system shortly after they have been completed. This process 
requires communications links to the central system along with software and database design 
to allow interaction between the local and central systems. To be effective, however, the local 
agency also must have access to the data. 

5. Imaging systems. The translation of visual images to digital format of different types facili- 
tates the management, and access, of data. 

[crash and medical] Instead of microfilming or filing paper copies of the data reports, the 
report itself becomes a digital image. The image can be called and scanned from multiple 
sources. Although imaging systems make available copies of the reports for use, they do not 
capture individual data elements. Use of these systems for statistical analyses is limited. 
However, use of imaging can help reduce data entry because not all of the data need to be 
captured in a database, only those needed for statistical work. 

[roadway inventory] Introduce technical equipment which can be used to interpret photographs 
and video material particularly for capturing distances and dimensions. GPS can play a key 
role. 

6. Motivation and feedback. The personnel performing data entry handle repetitive tasks, and 
often are faced with incomplete, or poorly written or prepared reports. Use of various forms 
of motivation, feedback, and training can help these persons perform their jobs with greater 
satisfaction. 

7. Cmss-traWng personnel. By cross-training personnel, each person on the safety-database staff 
has an opportunity to perform tasks other than the one to which he is assigned. This provides 
a break from repetition and available help to reduce backlogs in portions of the process. 
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8. Sponsored elements. Collectors and users of the data assume responsibility for various ele- 
ments in the databases. This can include elements which may only be collected and used by a 
small subset of the users. Responsibility for sponsored elements includes: 

l developing the elements, their codes, and description of how to collect them, 
9 auditing their use and maintaining quality control, and 
l ongoing review of its need for inclusion. 

Use of sponsored elements means that those who have the greatest need for quality in specific 
elements play an important role in maintaining that quality. Sponsored elements may extend 
across multiple databases. 

9. Comprehensive nqukxnen~ for development anl Mesign. Comprehensive design of a 
system includes the use of joint requirements planning (JRP) and joint application design 
(JAD), both of which are structured processes used during development. The process uses 
persons representing data gathers, recorders, and users. The result is design of a system which 
provides the requisite information with the fewest possible steps required to process the data. 
A significant emphasis is placed on quality. 

10. EMS/m dsdabase. EMS and trauma databases are needed for analyzing the response to, 
and handling of, injuries resulting from a crash. Such a base requires the use of common 
reporting along with training of collectors and reporters in proper reporting similar to what is 
done for officers who handle the crash. The trauma database will maintain information about 
the nature and severity of injuries, length of hospitalization, and outcomes from treating those 
injuries. 

11. Use of data analysts to interpret descriptive matelial. The collector and reporter record most 
of the data about a crash using narrative and a diagram. Personnel at a central location then 
interpret these items and complete the report. This is particularly useful for providing data 
about the manner of collision, events, and contributing causes. However, specially trained 
personnel also can receive EMS or other medical reports and interpret them according to the 
needs of the database. In either case, the personnel are able to interpret the data, often more 
accurately and precisely. 

Data Management - Storage (MS) 

Storage of data generally represents investment in computer hardware and software which is 
expensive, but can have a long-term payoff in terms of bettei availability of the data. Appro- 
priate design of data storage can result in improved quality. 

I. Relational d&be systenrs. For purposes of improved information management, particularly 
for local entry and open access to the data, the use of a relational database is important. In a 
relational database, fields of data which belong together are maintained as a unit and entered 
only once. Linkages between the groups of fields allow rapid access to any one element. 
However, relational databases require a database administrator to help control how the database 
is built and maintained. It also requires substantial investment in time and funds when the 
system currently does not have such database software. Use of a relational database is critical 
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2. 

for integrated use of micro-computers for data management at the local level, and with data 
storage, including distributed data handling, at a central level. Finally, relational databases can 
enhance the ability of users to generate information about crashes. 

Distxibuted -es. Distributed databases provide unique sources of data which can be 
collected for purposes of providing information about specific subjects, e.g., drivers licenses. 
Each source is designed and maintained by the organization which has responsibility for the 
subject. Multiple locations can exist for the same class of data, e.g. crash data, each repre- 
senting what was collected by the location. However, a centralized administrative responsi- 
bility helps ensure integrity of the many separate sources. Data are made available through 
communications links to other databases, such as a crash safety database. The system is 
expensive to build and is most productive when the entire system is has a single manager or 
management group with authority to make decisions. Such databases require appropriate 
security tools to ensure adequate control over availability of the data. They also are seen as a 
threat to “ownership” or loss of power over when and to whom data are released. 

3. Object-oriented database. These-databases are created from “objects” which are sets of related 
descriptions. and processes. For example, an automobile is an object which has attributes and 
properties some of which are fixed, e.g. “is self-propelled,” and some of which vary, e.g. color. 
The object itself will call for needed attributes. Objects are not fixed to a specific item of 
software; rather they are called and used for a specific purpose. Changes can be made to the 
objects with requiring changes to the database itself. Further, various types of objects can be 
combined. Text and images can be accessed together and treated as a single item. 

Object oriented progr amming, however, remains in its infancy. A number of companies are 
beginning to provide software capable of providing and using objects. Building applications 
from objects has yet to be commonplace. 

4. Quality contmi. Quality control is used to help ensure that the data stored in the file are 
accurate, complete, and consistent. Design of standards should be done by a group of persons 
who represent the collectors, recorders, and users. The standards must be directed to high 
quality, but not so difficult as to prevent collecting and storing data in a cost-effective and 
timely manner. The application of quality-control standards also necessitates ongoing review 
which can be performed by a quality-assurance team. 

Effective quality control also involves several other strategies noted earlier including enhanced 
training, feedback to the collectors, and enhanced local review. The process requires a group 
of persons dedicated to it. Users and collectors should be part of the team. 

The summary of strategies discussed above appear as table 40 on the following pages. The 
table indicates the source of the data to which the strategy applies. 
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Table 40 
Stmtegies for hnpmving Collection and Management of Data 

Strategy 

CC6:’ Common, state-wide EMS/trauma repotting form 

CC?. EMS collects all injury-related data 

CC8. Must-move legislation 

cc9. More extensive supervisor review 

CCIO. Collection by specially trained personnel (local level) 

CC 11. Use of short-form and long-form reports 

Ccl?. Sworn crash investigators 

- Assist the Collector 

CAl. Improved instruction manuals X X X 

CAT Pre-printed diagrams X 

CA3. Simplified form design X 

CA4. Revised/improved design and format x \ 

CA5. Improved definitions of elements/codes X X X 

CA6. Priorities given to reporting X 

CA7. Enhanced training X X X 

CA8. Collector incentives X X X 

CA9. Interact with counterparts X * 

CAlO. Conferences and training programs X X X 

CA 11. Field participation in forms design X X X 

CA 12. Minimum wage persons for data collection X 
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Table 40 
Shategies for Imprhng Collection and Management of Data 

Strategy 

CA1 3. Common coding nationally 

CA14. Computer directed interview (AI/expert systems) 

Data Mauagement - Administdaive 

MAI. Security for privacy 

MA2. Quality-assurance programs 

MA3. Management support 

MA4. System task-force 

MA5. Reorganization of management 

-DataEntry 

MEI. Scannable forms 

ME2. Online and batch editing 

ME3. Linked sources of data 

ME4. Local data entry 

ME5. Imaging systems 

ME6 Motivation and feedback 

ME7. Cross-training personnd 

ME8. Sponsored elements 

ME9. Comprehensive requirements for development and redesign 

ME 10. EMS/trauma database 

ME1 1. Use of data analysts to interpret descriptive material 
a 

- Data Stooge 

MSl. Relational database systems 

MS2. Distributed databases 

MS3. Object-oriented database 

MS4. Centralized quality control 

Crash Roadway Medical 
Reporting Inventory Services 

X X X 

X * 

X X X 

X X X 

X X X 

X * * 

X X X 

X X 

X X X 

X X X 

X X X 

X X X 

X X X 

X 

X X 

x v X 

X 

X x 

X X X 

X X x 

X X X 

X X X 
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Classification of Strategies for Evaluation 

A total of 46 different candidate strategies were identified, applicable to one or more of the 
three data sources being studied. Before a final conclusion could be reached regarding 
strategies to recommend, they needed to be assessed. This process was done in two steps: 
classification as to immediacy of applicability and then evaluation of appropriate candidates, 
Three classifications were used: 

1. Pmven: This classification comprises strategies that the project team believed to be 
sufficiently prroven that they did not require further evaluation, especially because they did 
not require major investments or otherwise create significant concomitant impacts in the 
agency. These strategies primarily derived from site visits and include some of the docu- 

” mented noteworthy practices. The extensive use of these strategies by agencies was 
generally considered enough demonstration of their cost-effectiveness, Feedback from’ 
agency experience was considered a better criteria for selection than the rating system used 
for many of the other candidate strategies. 

2. F&r evaluation: Classed are strategies which require further evaluation before they can 
be recommended to operating agencies. These strategies may have been used by several 
agencies and may have sufficient impact on agency operations, especially in terms of cost, 
that the project team believed further evaluation was required. These strategies were 
reviewed by members of the project team and rated according to their appropriate contribu- 
tions to the goals and objectives discussed previously in Chapter 6. 

3. Further development: In this classification are strategies which require further development 
before they adequately can be assessed. These include strategies which were not suffi- 
ciently defined or definable, and for which there was limited experience. The concepts 
will need further definition and refinement or more field experience before an adequate 
judgement can be made by the project team. Some of these could become subjects for 
future FHWA research efforts. Some are already subjects of research and demonstration 
programs. t 

Table 41 provides a summary listing of ‘the strategies according to the categories just listed. 
The columns on the left side of the list indicate into which category the strategy was placed. 
Unless otherwise noted, however, those strategies listed as “evaluate further” are assessed 
against all data sources as listed on the right side. 

Methodology Employed for Sbategies Requiring Further Evaluation 

Strategies selected for further evaluation were subjected to a rating by the project team. 
Ratings were then compared to potential changes in costs to establish a “cost-effectiveness 
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Table 41 
Classifying Strategies for Evaluation 

ON - CHANGE METHODS (CC) 

CA2. Pre-printed diagrams X 

CA3. Simplified form design X 

CA4. ~ Revised/improved design and format X I 

CAS. Improved definitions of elements/codes X X X 

X CA6 Priorities given to reporting X ,, 

CAl. Enhanced training X X X 

CAS. Collector incentives X X X 

CA9. Interact with counterparts X * 

CAlO. Conferences and training programs X X X 

CA1 1. Field participation in forms design X X X 

CA12. Minimum wage persons for data collection X 

Highway Safety Data: Costs, Quality, and Strategies for Improvement - The Traffic Institute 

125 



Table 41 
Classifying Strategies for Evaluation 

j x (medical)! x 

I X I 

I I X 

X 

X I 
I 

I x I 

I X 

Strategy Crash Roadway Medical 
Reporting Inventory Services 

CA13. Common coding nationally I X X X 
I I 

CA14. Computer directed interview (AI/expert systems) X * 

DATA MANAGEMENT - ADMlNlSTRA~OA’ (MA) 
I I I 

MAl. Security for privacy 

MA2. Quality-assurance programs 

MA3. Management support 

MA4. Svstem task-force 

MA5. Reorganization of management I X I X I X 

MEI 1. Use of data analysts to interpret descriptive material 

DATA MANAGEMENT - STORAGE (MS) 

X MSl. Relational database systems X X X 

X MS2. Distributed databases X x X 

X MS3. Object-oriented database X X X 

X x(rdwy. MS4. Centralized quality control X X X 

&med.) 
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DATA MANAGEMENT - DATA ENTRY IME) 

ME7. Cross-training personnel X 

ME8. Sponsored elements X X 

ME9. Comprehensive requirements for development and X X 

redesign ’ I 

ME 10. EMS/trauma database X 



assessment.” Because the effectiveness of a given strategy will vary dependent upon its 
application, the team developed a set of “typical” scenarios that require the use of traffic 
safety data. These scenarios are shown in table 42 and described in detail in Appendix B. 
Given the three components of highway safety, driver, vehicle, and roadway, and site-specific 
and systematic applications, a total of six general conditions were possible. Two other 
scenarios were added to account for budgeting and liability. 

Table 42 
Framework for Scenarios 

Highway-Safety Component 

Application Driver Vehicle Roadway 

Site-Specific 

i 

Systematic 

#l Police Selective Traffic 
Law Enforcement 

#4 Use of Crash Data to 
Evaluate a Driver Im- 
provement Program 

#2 Commercial Vehicle In- 
spection for Overweight 
and Defective Equipment 

#3 High-Hazard Location 
Identification 

$5 Effectiveness of Anti-Lock 
Brakes 

#6 Changes in Crashes Re- 
lated to an Increase in 
the Speed Limit 

Note: Two additional scenarios were added which are more general in nature 
. Supporting a Budget Allocation 
. Assisting with Defending a Tort Liability Action 

Each strategy was then rated against the eight scenarios shown in table 42. A nominal rating 
system was employed. Project team members assessed how well each strategy would achieve 
the goals and objectives described in chapter 6 within the context of each scenario. 

The discussion following describes how the ratings were fdrmulated. Then the results of the 
ratings are summarized. 

Assessment of the costs associated with each strategy also ivas performed using a nominal 
rating system. However, the cost model (devel- 
oped in the early stages of this project and de- 
scribed in chapter 5) also was used to estimate 
the impacts of costs of implementing and oper- 
ating strategies applicable to crash data collec- 
tion and management. -2 substantially detrimental to the goal or 

objective 

A five-point rating scale was employed based 
upon values ranging from -2 to +2 shown in 
table 43. Even though the team treated the val- 
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ues as nominal, for computational purposes they were assumed to be continuous. Members of 
the project team examined how a specific strategy would affect the objectives for each sce- 
nario and rated the effect accordingly. These ratings were then averaged across all raters and 
across all scenarios for each objective to obtain an average value. Finally, an average value 
for each goal was computed based on the individual objectives contributing to the goal. 
Weighting the results with respect to each goal was considered, but the team found no clear 
basis to establish the weightings. The combined, averaged value of effectiveness provided 
one side of the cost-effectiveness picture. A highly-rated strategy would have a high positive- 
effectiveness rating. 

Costs were divided into implementation and 
operation. Implementation requires both ex- 
penses and time. Both can range from very 
low to very high. Even if a strategy appears I’ 

/ 

to provide a significant contribution to the 
highway-safety information-system, costs as- 
sociated with its implementation may prove 

1 negligible cost or immediately implemented 
2 low (up to $0.25 per report) or less than 6 

weeks 
to be a significant barrier. Implementation moderate ($0.25 to $1 per report) or up to 6 
costs of strategies were represented through a 
nomative scale. A strategy which has negli- 
gible costs-of-implementation and could be very high (>$5 per crash report) or long (> 1 

implemented almost immediately would be 
rated a ” 1” for both the cost and time dimen- 
sions. On the other hand, very high implementation costs, or very long implementation peri- 
ods, were assigned a value of “5.” Table 44 provides a summary of the values employed, 

The degree of change in cost of operation 
that would result from implementing a given 
strategy was assessed based upon a qualita- 
tive rating, also ranging from -2 (substantial 
increase in costs) to +2 (substantial de- 

Table 45 
Changes in Costs of Operating the System 

-2 substantially increases costs of operation 
-1 somewhat increases costs .* 

crease). Table 45 displays the descriptions 
of the values used 

Assessment of the Strategies 

0 has no or negligible effect 
+I somewhat decreases costs 
+2 substantially decreases costs 

ved 

This section presents and discusses the results of a qualitative cost-effectiveness analysis 
conducted of the candidate strategies for improving the collection and management of safety 
data. Only those proven strategies or those selected for further evaluation are included. In 
the sections below, those selected for further evaluation are discussed first after which they 
are combined with the proven strategies to arrive at a comprehensive list. 
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of ratings. Ratings from all members of the team were averaged across the team 
then combined to form an overall rating. A review of the ratings form “effect on the organi- 
zation” showed a wide variation among the raters stemming from differences in how they 
interpreted the goal. As a result, this goal was dropped leaving the three remaining goals. 
Ratings for each goal and the summary across the goals appears as table 46.5 

To achieve a better differential among the rated strategies, the overall rating was a summation 
rather than average; Therefore, the maximum range would have lain between -6.0 and +6.0. 
Only one strategy, linked data sources with a rating of +1.8, achieved an overall ratings 
approaching k2.0. This seems to reflect both the conservative nature of the raters and the 
reality that any one of the strategies will not be the “silver bullet” that resolves all issues. 
Use of scannable forms, on the other hand, was the only strategy with an overall negative 
rating, 

s of co&am&&. Cost ratings were established for all three data sources being 
studied. The ratings for crash data appear in table 46. However, because of the availability 
of a cost model for estimating collection and management costs for crash reports, the model ’ 
was preferable to using the qualitative ratings. The subjective ratings, however, are useful for 
comparisons among strategies or for a specific strategy across multiple data sources. 

In applying the model for estimating cost impacts of crash reporting strategies, the team made _ 
assumptions about the effect on the strategies on each of the variables. In most cases, strate- 
gies affected only a few of the variables in the model. The use of assumptions also allowed 
the team to apply the model to the “proven” strategies along with those requiring further 
evaluation. The resulting cost impacts, in terms of total and unit cost, are summarized in 
table 47. Changes in unit-costs resulting from increasing costs per unit by approximately one 
dollar to a savings approaching 2.50 dollars. The largest increase would result from using 
specialists at the local level to complete a significant portion of the crash reports. On the 
other hand, substantial savings would accrue from reducing the amount of data collected 
through the use of long and short forms. Generally, those strategies scoring highest in 
meeting the objectives also tended to be the most costly. 

Benefit-cost. In order to develop a’ benefit-cost structure, some assumptions were 
made regarding both the effectiveness and cost ratings. Any strategy which had an effective- 
ness rating lower than 0.0 was consider to have a “low” effectiveness. At the other end, high 
effectiveness arbitrarily was set at a minimum rating of 1.0. 

Strategies rated as “low” for costs were those which increased costs per unit. A “high” rating 
was given to savings of 1.00 dollar or more. By combining both sets of classifications, each 

5 Later in the analysis, the impact of strategies on organizational effectiveness were incorporated 
when examining the overall perspective. 
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Table 46 

Traffk Crash Data 

Summary Scores for Goals Across all Scenaros 

and Across All Strategies (those selected for further evaluation) 

GOALS 

SUM OF EFFECTON SUM OF 

COST ANALYSIS 

Implcmentauon* Change 

I Time I” cost of 

STRATEGY QUALITY SUITABILITY SAFETY 

cc2 Sampling -0.2 -1.0 1.5 0 

cc4 Non-sworn crash inve&ators 0.8 0.2 0.2 1 

cc5 Use of non-automated tcchnolo#ies 0.4 0. I 0.5 I 
. 

Review by spectalists I 0.5 E- Cl0 0.0 0.0 
I I 

cc I2 Sworn crash investigators 0.8 0.2 0.0 1 

ca4 Revised PCR desitg 0.3 0.2 0.2 0.7 a-l 
I= a9 

Enhanced trainin.g 

Interact with c0untctpatI.s j---q- ++- 

1x14 Computer directed interviews 0.6 0. I 0.0 0. 

ma2 Quality-assurance programs 0.6 0. I 0.0 a 

l- ma4 System task force I 0.51 0.3 0.0 
I I I 

me 1 Scannable forms -0. I 0.0 -0.2 -0 

me2 Onlinclbatch editinn 0.3 0. I 0.0 0. 

me3 Linked data sources 0.8 0.4 0.6 1. 

l- me4 Local data entry 

COStS 

2.5 

Required 

1.8 

0 eralion** i=d -1.0 

)J 
2.6 

2.4 

3.4 

3.3 

2.4 4.1 

2.3 3.1 0.8 

2.4 3.0 0.0 

2.8 -I-- 45 -I -1-I 1 

3.0 3.8 0.5 

3.7 4.5 -0. I 

3.2 4.2 0.2 

2.6 3.4 -0 1 

3.3 4.2 -0 2 

2.9 3.5 IO 

4.5 5.0 -1.5 

3.8 4.2 -0.2 

4.0 I 4.8 I -0.6 



r r 
slrucgy 

B&SC 

CCI 

cc2 

CC1 

cc4 

cc5 

CC6 

cc7 

CC8 
CC9 

cc10 

cc11 

cc12 

C-AI 

CA2 

CA3 

CA4 

CA5 

CA6 

CA7 
CAR 

CAY 

CA10 

CAII 

CA12 

CA13 

CA14 

MAI 

MA2 

MA3 

MA4 

MA5 

MEI 

ME2 
ME3 

ME4 

ME5 

ME6 

ME7 

MER 

MEV 

ME10 

ME,, 

MSI 

MS2 

MS1 

MS4 

Table 47 
Collection and Management of Traffic Crash Data 

. Analysis of Cost Impacts of Candidate Strategies 

54% I 
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172.9 

172.9 
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162.6 
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1491 
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6.361 SlV.2D 
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6.361 si9.m 

6.36, s1v.m 
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6 16, 11920 
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strategy was placed into a category of “relatively low,” “moderate,” or “high.” None of the 
benefit-cost ratings for crash reporting fell into the “relatively low” category. 

One issue that had to be resolved was that effectiveness ratings were obtained formally for 
those strategies which were classified as requiring further evaluation. The team believed that 
sufficient information was available from interviews and reports by those employing “proven” 
strategies, that more formal evaluation was not an effective use of time. To establish benefit- 
cost ratings for “proven” strategies required a different approach. The team reviewed material 
obtained during visits and other contact with agencies who already had implemented the 
strategies. This review of experience established a basis for dividing the effectiveness into 
low, moderate, and high. The effectiveness ratings obtained in this manner then were joined 
to the cost ratings established earlier allowing the proven strategies also to be placed into 
cost-effectiveness categories. 

Table 48 displays the results of the cost-effectiveness assessment for all strategies that can be 
employed to improve the collection and management of crash data. Of the 35 strategies 
identified, 13 were considered to have relatively high cost-effectiveness. Of the 13 only three 
came from the “proven” strategies. The remainder had been selected for further evaluation. 
A possible reason for proven strategies falling into the “moderately cost-effective” classifica- 
tion is that these actions generally affect only limited aspects of the task of collecting and 
managing crash data. Further, the nature of the strategies suggests that each will make some 
difference with a relatively low cost of implementation. An example would be cross training 
personnel to help improve data entry. Obviously, use of cross trained personnel provide 
additional persons to help reduce backlog. It also can help reduce costs by eliminating the 
need for additional personnel. On the other hand, such cross training probably has a limited 
effect on quality, and it may result in paying higher wages because of the increased skills. 
For the most part, the collectors and managers of crash data appear unwilling to incorporate 
changes which may appear complex, costly to implement (without a known substantial 
savings), or which may not appear to have an immediate benefit. 

. ved Roadway Tnventory Data Co- 

Resultsof Those strategies for roadway inventory as a data source requiring 
further evaluation were rated in the same manner as those for crash reporting. The resulting 
ratings are sumrnaxized in table 49. The unweighted ratings (as discussed in the previous 
section) for each goal are shown along with a sum. Also, the scores for “effect on organiza- 
tion” were dropped from initial use because, as was the case with crash data, team members 
varied in the manner in which they rated the goal. As was the case for crash data as a 
source, linking data sources showed the greatest possible contribution to the goals and objec- 
tives. 

Ratings of proven strategies were developed in the same manner as those had been for crash 
data. The team reviewed the information gathered as part of visits and contacts with 
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Table 48 
Relative Cost-Effectiveness of Strategies for Impmved Collection 

and Management of Gash Report Data 

cc12 - 

ca2 - 
ca3 - 
CA4 - 
CA14 - 

MA4 - 

ME3 - 
ME4 - 
ME5 - 

MS2 - 
me6 - 

Non-sworn investigators 
Use of non-automated tech- 
nology 
Sworn crash investigators 

Pre-printed diagrams 
Simplified form design 
Revised PCR design 
Computer directed interview 

System task force 

Linked data sources 
Local data-entry 
Imaging systems & 
OCR/OMR 
Distributed databases 
Motivation and feedback 

* Lower-case codes apply to prove 
represent those evaluated further. 

cc2 - 
cc3* - 
cc9 - 
cc10 - 
ccl1 - 

Cal - 
a.5 - 
CA7 - 
ca8 - 
CA9 - 
Cal0 - 
call - 

MA2 - 
ma3 - 

MEl- 
ME2 - 
me7 - 
ME8 - 
ME9 - 
ME11 . 

MS1 - 
ms4 - 

Sampling 
Increase reporting thresholds 
More extensive supervisor review 
Completion by specially trained personnel (local level) 
Short and long forms 

Improved instruction manuals 
Improved definitions 
Enhanced training 
Collector incentives 
Interact with counterparts 
Conferences and training programs 
Field participation in form design 

Quality-assurance programs 
Management support 

Scannable forms 

On-line & batch editing 
Cross training 
Sponsored elements 
Comprehensive requirements for development 
Use data analysts to interpret 

Relational database 
Centralized quality control 

strategies. Upper-case codes and rtalrcrzed strategres 

personnel responsible for collecting and managing roadway inventory data. From these 
reviews, the team was able to establish low, moderate, and high effectiveness for these proven t elements. 

Because no cost models were designed for roadway, the potential changes shown in the cost 
analysis portion of table 49 were used. For each scenario, the team estimated the relative 
level of costs for implementing the strategy; the time required, and the change in operating 
costs which could be expected to occur. The costs and time for implementation were rated on 
a five-point scale from 1 which meant practically no cost or immediate implementation, to 5 
for very high cost or several-year implementation. Generally, those strategies which required 
use of technologies such as linked databases resulted in the highest costs and time for imple- 
mentation, On the other hand, the team generally believed that such strategies would have a 
significant effect on. reducing operating costs. 
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Table 49 

Roadway Invenlory Data 

Summary Scores for Strategies and Goals 

Across All Scenarios 

COST ANALYS 

Implementation* 

I Time 

SUM OF 

SUM OF EFFECTON SUM OF 

OUALITY I SUITABILITY SAFETY SCORES 

0.0 

STRATEGY 

ccl Telephonic reporting 

cc4 Data collection smxialists 

0.0 0.2 

0.0 

0.4 

0.6 -0.2 0.0 

2.0 ! 3.7 -0.3 

0.7 ! 3.0 1 0.1 

.,. I- 

0.8 I 

nh I I 

CC5 Use of Technologies 

ca7 Enhanced training 

ca I2 Minimum wage persons 

ma2 Quality-assurance programs 

me2 Online/batch editing 

me3 Linked data sources 

me4 Local data entry 

me I I Imaging & OCR/OMR 

me8 Sponsored elemeats 

me9 Comprehensive system reqmnts. 

msl Relational database 

ms2 Distributed databases 

ms4 Central-level quality control 

Ncmin~l uming SC&Z 

--- 

0.0 I=- IN 1 2.7 I -1.3 -0.6 0.0 0.2 

0.6 . 0.0 1 -0.3 I 0.0 
I 

A-- -I-- -0.3 -I-- 0.0 0. I 0.5 

2.0 4.0 -0.6 

2.3 4.7 -0.4 

3.0 4.5 -1.0 

0.7 3.3 0.0 

1.7 40 -0.4 

1.7 4.3 -0.6 

2.3 4.3 -0.6 

I I.3 3.7 0.8 
c L.-L_-. 

0.7 0.6 0.0 0.0 

0.3 0.3 0.0 0.0 
I 
1 I I 

0.3 0.5 0.0 0.0 

0.4 0.0 -0.3 0.0 

0.6 0.3 0.0 0.0 -, 
I I I 

0.2 j- 0.4 I 0.0 ! 0.0 

0.3 I 0.4 0.0 0.0 
I I I 

-2 substantially detracts fmn tbe goal or objective 
-I w,,rwhm &tracts from tbc goal or d~jcctivs 
0 has minimal OT w effect on the god a dqcctivc 

+I somewhat contributes to the goal or objective 

+2 substantdly conmbules lo the goal OI objective 



Benefit-cost. Table 50 displays the union of costs and effectiveness. The combina- 
tion was done in the same manner as that used for strategies applied to collecting and manag- 
ing crash data (discussed in the previous part). Because of a greater range in costs of imple- 
mentation and operation, and because of lower ratings of effectiveness, some strategies fell 
into the category of “relatively low cost-effectiveness.” No proven strategies fell into the 
category of relatively higher cost-effectiveness. 

Table 50 
Relative Cost-JZffectiveness of Strategies for Improved Collection 

and Management of Roadway Inventory Data 

cc5 - 

ME3 - 
ME9 - 

Use of Technologies 

Linked data sources 
Comprehensive system 
requirements 

* Lower-case codes ap 
further. 

cc4 - Data collection specialists 
cc9 - More extensive supervisor review 

Cal - Improved instruction manuals 
CJ - Improved definition of codes 
CA7- Enhanced training 
call - Field participation in forms design 

ma3 - Management support 

ME4- Local data entry 
ME8 - Sponsored elements 
MEI 1 Imaging & OCWOMR 

MS1 - Relational databases 
MS2 - Distributed databases 

y to proven strategies. Upper case cod 

wer Cost-Effcctlveness 

cc1 - Telephone reporting 

tag - Collector incentives 
Cal0 - Conferences and training 

programs 
CA12 - Use of minimum- wagefield- 

personnel 

MA2 - Quality assurance programs 

ME2 - Online/batch editing 
me6- Motiviation and feedback 

MS4 - Centralized quality control 

i are those strategies evaluated 

Results. The candidate strategies for emergency medical data collection and 
management were rated in the same manner as those for crash reporting. The resulting 
ratings are summarized in table 51. The ratings for each goal are shown along with a sum. 
Ratings of effectiveness were fairly conservative here, as well, and “effect on organizations” 
was not included for reasons previously noted. In the case of medical data as a source, 
sampling was considered to have the greatest potential contribution, particularly because of 
the ability of collectors to provide very detailed data for a select number of crashes. 

Even more difficult than for roadway inventory would have been determining the costs for 
collecting and managing medical data. Not only do two separate sources, EMS and hospitals, 
handle the data, but the kinds of databases on which data reside are disparate. Further, data 
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Table 51 

Emergency Medical Services/Trauma Data 

Summary Scores for Strategies and Goals 

Across all Scenarios 

GOALS I I COST ANAl.YSIS 

OUALITY I SUITABILITY I SAFETY I EfE r -n 1 2.0 0.0 0.6 

0.2 0.3 0.7 0.0 

0.9 0.4 0.0 0.0 

I= L 2.3 4.0 I -0.3 

1.7 3.0 -0.3 

0.1 -0.3 I.1 0.0 

0.5 0.0 0.3 0.0 

I.0 0.2 -0.3 0.0 I .7 I 4.3 I rn 

E E E 0.0 

0.0 

0.0 

0.0 

0.5 

0.0 

0.0 

0.0 3.3 I 4.3 - I .4 

2.3 3.3 0.7 0.2 I 0.0 I 0.0 I 0.0 I 

4.0 4.7 -0.3 0:7 0.3 0.3 0.0 

0.3 0.3. 0.0 0.0 

n6 -I- I c 0.4 0.0 0.0 

0.4 -0. I 0.3 0.0 

0.3 0.5 0.0 0.0 

0.1 0.4 0.0 0.0 

0.3 0.3 0.0 0.0 

0.5 -0. I 0.0 0.0 

2.0 3.3 0.7 

4.5 4.5 -1.0 

3.7 5.0 -0.3 

I 2.7 3.0 0.0 

Nominal scoring scale: 



are collected on a wide variety of forms, not all of which are transferred to automated sourc- 
es. Finally, so many of the data are for medical purposes and have only limited relationship 
to traffic safety. The final cost assessment was performed in the same manner as that for the 
roadway inventory, by using qualitative ratings of effect on costs. The results of the ratings 
also appeared in table 51. 

Benefit-Cost. The results from the ratings were translated into an overall cost- 
effectiveness framework, in the same way as explained above for the roadway inventory data 
source, The resulting table of cost effectiveness for strategies appears as table 52. The 
“proven” strategies have been added to the table, as well. All of the most highly-rated 
strategies were from those originally selected for further evaluation. None of the proven 
strategies fell into the higher class. More importantly, with one exception, all of the highly 
rated actions also are related to the use of advanced technologies. 

Conclusions fmm the Ratings of Strategies 

An overall summary of the resulting cost-effectiveness rankings is summarized in Table 53. 
Each of the three sources of data is shown along with two of the three classes for the strate- 
gies: proven and requiring further evaluation. A strategy is shown in terms of its relative 
cost-effectiveness, lower, moderate, and higher. Those strategies which have cost-effective 
ratings shown in upper-case and italicized letters represent ones selected for further evaluation 
and which have been discussed at the beginning of this chapter. None of the candidate 
strategies was found to be detrimental to achieving the objectives that have been posited for 
the system. 

With the exception of using pre-printed diagrams, simplified form design, and motivation and 
feedback, all proven strategies fell into the classification of either moderate or relatively low 
cost-effectiveness. Some possible reasons given for the lack of higher effectiveness from 
already implemented actions is that they have been relatively limited in their scope, e.g. only 
assisting the data managers, limited in their extent, and limited in the degree of technical 
difficulty. Most managers of data sources usually are unwilling to implement major pro- 
grams. not only because funds are limited, but because such programs also are unproven. , 

Crash Report Data 

Strategies which have been ranked as relatively high cost-effectiveness generally are designed 
to reduce or eliminate the role of the general patrol officer in the collection of crash data. 
This is done either through non-technological mechanisms which replace the general patrol 
officer with specialists or by supporting the officer with improved tools. Database strategies 
are designed to both reduce the amount of data that must be collected by officers, and to 
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Table 52 
Relative Cost Effectiveness of Strategies for Impmved Collection and Management of Emergency 

Medic& Data 

cc2 - Sampling techniques 
CC5 - Use of technologies 
CC7 - EMS collect all in- 

jury data 

CC6 - Common statewide form 

ca9 - Interaction with counter- 
parts 

Cal0 - Conferences and training 
CA7 - Enhanced training 

MEI - Scannable forms 
ME3 - Linked data sources 
A4EI 0- EMS/trauma data- 

base 
ME5 - Imaging and 

OCWOMR 

programs 
call - Field participation. in 

forms design 

ME4 - L&al entry 

* Lower-case Items numl 

MS1 - Relational database 
MS2 - Distributed databases 
MS4 - Central quality control 

IS mdicate classrficauon 1s based u 
from operating agencies visited. Upper-case and italicized tit. 

cal - Improved instruction manu- 
als 

ca5 - Improved definitions of 
elements & codes 

ca8 - Collector incentives 
CA13 - Common coding . 

nationally 

MA2 - Quality assurance 
programs fl 

ma3 - Management support 
ME2 - Online & batch editing 
me6 - Motivation & feedback 
ME11 Analysts to interpret and 

code reports 

In rnterpretatron of input received 
; are based upon ratings of effec- . _ 

tiveness and results of cost projections using the project cost-model. 

minimize the handling of data at different levels of government. Imaging systems that 
employ OCR and OMR technology are considered effective means for cost reduction in the 
interim (5 to 10 years) until the majority of reports are completed on automated devices. 

The formation of a system task force, a highly rated strategy for data management, can be 
accomplished quickly, and can be a foundation which facilitates and supports many others. 
Most other highly-rated strategies involve use of technological advances to assist with manag- 
ing and storing data. , 

A final classification for strategies identified those which could be implemented readily (in 
less than 6 months as an example), and those which would take a longer period or were 
technologically advanced (generally implying a longer period to complete). Table 54 provides 
a display of the strategies using both the time-classification and their relative cost-effective- 
ness. 

The strategies identified as having rapid implementation include some important means for 
improving quality and reducing costs associated with data collection and management. Many 
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Table 53 
Effectiveness of Strategies for hnproving Collection and Management of Highway Safety Data 
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Table 53 
Effectiveness of Strategies for Impmving Collection and Management of Highway Safety Data 

Proven Evaluate Strategy Crash Re- Roadway Medical 
Further porting Inventory Services 

DATA MANAGEMENT - ADMINISTRATION (MA) 

MAl. Security for privacy 

X MA2. Quality-assurance programs M L L 

X MA3. Management support m m I 

X MA4. System task-force H h h 

MA5. Reorganization of management 

DATA MANAGEMENT - DATA ENTRY (ME) 

X 

X 

X MEI. Scannable forms M H 

X ME2. Online and batch editing M L L 

X ME3. Linked sources of data H H H 

X ME4. Local data entry H M M 

X ME5. Imaging systems H M H 

ME6. Motivation and feedback h I I 

ME7. Cross-training personnel m 

X MEB. Sponsored elements M M 

X ME9. Comprehensive requirements for development and rede- M H 
sign 

X MEIO. EMS/trauma database H 
I 

X MEII. Use of data analysts to intetpret descriptive material M L 

DATA MANAGEMENT - STORAGE (MS) 

X MSI. Relational database systems M M M 

X MS2. Distributed databases H M M 

MS3. Object-oriented database 

‘X x(rdwy. MS4. Centralized quality control h L M 
Brmed.) 
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Table 54 
Classification of Strategies for Collection and Management of Crash Report Data 

Readily Im- 
plemented 

Longer-Term 
&Jor 

Techno- 
logically 
Advanced 

cc4 - 
cc5 - 
cc12 - 
CA14 - 
ME3 - 
ME%- 
blls- 
Ms2- 

Non-sworn investigators 
Use of non-automated technology 
Sworn Crash Investigators 
Computer dilpcted interview 
tinked data soutres 
Local data-entry 
Imaging system & ocxuoMR 
DisMbuted databases 

call _ Field participation in form design 
MA2 - Quality-assurance programs 
MEl- Scannable fomS 
ME2- On-line & batch editing 
ME9 - Comprehensive requirements for Devel- 

opment 
ME11 - Use Data Analysts to Interpret 
MS1 - Relational Database 
ms4 - Centralized quality control 

:ase items numbers indicate classificatio 
7 IS based upon rnterpretatron of tnput receive 

from operating agencies visited. Upper-case values are based upon ratings of effectiveness and 
results of cost projections using the project cost-model. 

- LO 

Relatively Higher Cost-Effectiveness 

ca2 - pre-printed diagrams 
ca3 - simplified form design 
CA4 - Revised PCR design 

MA4 - System task force 

me6- Motivation and feedback 

Relatively Modetate Cost-Effectiveness 

cc3 - 
cc9 - 

cal - 
Cal5 - 
CA1 - 
ca8 - 
CA9 - 
Cal0 - 

ma3 - 

me7 - 
ME8 - 

Increase reporting thresholds 
More extensive supervisor review 

Improved instruction manuals 
Improved definitions 
Enhanced training 
Collector incentives 
Interact with Counterparts 
Conferences and training programs 

Management support 

Cross training 
Sponsored elements I 

cc2 - Sampling 
cc10 - Completion by specially trained person- 

nel (local level) 
ccl1 - Short and long forms 

- No strategies were classified as having relatively low cost-effectiveness 
- Bolded items are considered technologicJly advanced 1 

of the strategies in this group involve common-sense actions, which would be implemented in 
any comprehensive improvement program. Finally, most are related to training and education, 
in different form. 
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The longer-term and technologically-oriented strategies cover the gamut of impacts desired. 
including lower cost from scanning of reports, better quality through comprehensive editing 
systems, and greater flexibility through use of relational database designs. Quality-assurance 
and quality-control activities are included in this grouping. The effects of these are probably 
quality by a dedicated quality-assurance team. Where current management systems include 
effective pre-processing systems and rudimentary batch-edit routines, the quality assurance 
effort will be less cost-effective than where these elements are not present. 

Because the project team was able to estimate costs associated with the collection and man- 
agement of crash data, they were able to compute changes in unit costs for each of the 
strategies which applied to the crash reporting. These unit costs are ordered from the greatest 
reduction to the greatest increase and are shown in table 55. Along with the changes in costs 
are the relative effectiveness for each strategy. Of the 35 strategies applicable to crash 
reporting, 11 were estimated to have a positive effect on costs. Their implementation would 
help reduce costs associated with collection and management (in some cases either, in some 
both) of the data. The greatest savings appears to result from introducing long and short 
forms. Savings results from the police performing less data collection at the scene rather than 
less costs for data management. However, the cost effectiveness of this strategy is only 
moderate because the reduction in data collection also reduces the amount of data available 
for safety information. 

Roadway Inventory Data 

The strategies ranked relatively high in cost-effectiveness focus on use of technology, both for 
measurement and acquiring data, in order to limit what must be collected in the field. Com- 
prehensive system requirements, once established, will provide an important framework for 
developing a roadway-inventory system that can be fully integrated with other systems, 

Strategies for improving the collection and management of roadway-inventory data also were 
classified by ease of implementation in the same manner as was performed for crash data 
collection and management. Either the strategies were easily implemented, or ‘they were 
longer term or required advanced technologies. Table 56 displays the results of the classifi- 
cation coupled with the relative cost-effectiveness. Unlike strategies for crash data, those for 
roadway-inventory data fell into three categories, lower, moderate, and higher cost-effective- 
ness. 

The more moderately cost-effective strategies involve a combination of non-technological 
assistance to the data collector and the use of specialists instead of district engineers who 
have many other responsibilities. Strategies directed toward data management tend to focus 
upon technological approaches, either to reduce labor costs, or to institute improved database 
designs. While the technological strategies are considered to be relatively effective, they also 
have relatively high costs associated with their implementation. 
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Table 55 
Effect of Strategies on Unit-Cost of Collecting and Managing Crash Data 

, 

Change in Unit-Cost Rating of 
Index Description Relative Cost- 

No. % WCR Effectiveness 

cc11 Use of short-form and long-form reports :li% ($2.10) R cl 

CA2 Pre-printed diagrams -6% ($1.20) i 0 

CA3 Simplified form design -6% ($1.20) ,” 0 

CA4 Revised/improved design and format -6% ($1.20) 1 0 

ME3 Linked sources of data -6% ($1.20) c 0 

CA14 Computer directed interview (AI/expert systems) -6% (51.10) y l 

ME5 Imaging systems -6% ($1.10) t 0 s I 

cc4 Non-sworn crash investig./Data collection specialists -5% ($0.90) 0 

MS2 Distributed databases -5% ($0.90) 0 

ME1 Scannable forms -4% ($0.80) 0 

cc5 Use of non-automated technology -3% ($0.60) 0 

CA1 Improved instruction manuals 0% $0.00 N 0 
0 ’ 

CA5 Improved definitions of elements/codes 0% $0.00 0 
c 

ME4 Local data entry 0% $0.00 h a 

cc12 Sworn crash investigators 0% $0.00 g 0 

MA3 Management support 0% $0.00 0 

CA11 Field participation in forms design 0% $0.00 0 

ME7 Cross-training personnel 1% $0.10 I Cl 
n 1 

CA8 Collector incentives 1% $0.10 c q 

r 
ME6 Motivation and feedback 1% $0.10 0 

ME8 Sponsored elements 1% $0.10 0 

MA4 System task-force 1% $0.20 0 

‘cc9 More extensive supervisor review 1% $0.20 El 

CA9 Interact with counterp+s 2% SO.30 cl 
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Table 55 
Effect of Strategies on Unit-Cost of Collecting and Managing Crash Data 

lational database systems 

Use of data analysts to interpret descript 

0 = Relatively high cost-effectiveness 0 = relatively moderate cost-effectiveness 

Several of the strategies ranked with relatively low cost-effectiveness focus upon activities 
designed to encourage or educate the data collector. Because the collector of roadway data is 
directly accountable to the people who use the data, this is.considered enough incentive to do 
a good job. Furthermore, if the person collecting the data is doing this as a low-priority task. 
not part of their basic job description, enhanced training is not likely to affect that person’s 
incentives may be meaningless. Quality-assurance programs and centralized quality control 
were rated relatively low; however, the rating is highly dependent upon how the agency treats 
and uses the roadway data. 

Emergency Medical Data 

The relatively higher cost-effectiveness rankings for strategies to improve emergency medical 
data fall mostly with longer-term technological applications. These are primarily designed to 
improve data management, both through linkage and reducing labor-intensive activities. 
These are nicely combined with complementary activities on the collection side, which 
designate the better-trained EMS personnel to collect injury data needed for safety analysis. 
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Table 56 
ClassEcaGon of Sbategies for Collection and Management of Roadway-Inventory Data 

mss lEss lws 

cc9 - More extensive supervisor re- CC1 - Telephone reporting 
view 

cd - Collector incentives 
cal - Improved instruction manuals Cal0 - Conferences and training 
ca5 - Improved definition of codes programs 
CA7 - Enhanced training 

Readily Imple- me6- Motiviation and feedback 
mented ma3 - Management support 

MS4 - Centralized quality control 

Longer Term 
&/or Techno- 
logically Ad- 

vanced 

CC5 - Use of Technologies CC4 - Data collection specialists CAlZ- Use of minimum wage 

ME3- Jinkeddatasources 
field-personnel 

call - Field participation in forms 
ME9 - Comprehensive system design MA2 - Quality assurance pro- 

requirements grams 
ME4 - Local data entry 
ME8 - Sponsored elements ME2 - Online/batch editing 
ME1 1 Imaging & OUUOMR 

4 
MS1 - RelaElonal dat&~~ 
MS2 - Distibuted data&e3 

- Lower-case Items numbers mdlcate classlficatlon 1s based upon mterpretatlon of mput received from 
operating agencies visited. Upper-case values are based upon ratings of effectiveness and results of cost 
projections using the project cost-model. 
- Bolded items are considered technologically advanced 

The other selected strategies provide those personnel with better training and tools to simplify 
their job and make them effective providers of data for those outside the medical system, as 
well. 

Table 57 displays the classification of strategies for collecting and managing medical data. 
These too are divided into those easily implemented and those which require a longer period 
or use of technologies to assist with their implementation. The strategies ranked relatively 
moderate in cost effectiveness are less tecbologically oriented than the previous group. ‘They 
focus on form design, quality assurance, and improved database technology. 

The strategies having a relatively lower cost-effectiveness ranking involve, in the short term, 
basic support for the collector and those managing the data. For the 1Qnger run, national 
unifotity was not considered relatively cost-effective, nor was the use of special interpreters. 
The latter was because the personnel in the emergency medical area are generally highly 
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Table 57 
Relative Cost Effectiveness of Sbategies for Implroved Collection 

and Management of Emergency Medical Data 

Readily 
lmple- 
mented 

CA1 - Enhanced training ca9 - Interaction with counterparts cal - Improved instruction man- 
Cal0 - Conferences and training uals 

programs cd - Improved definitions of ele- 
ments & codes 

ME4 - Local entry ca8 - Collector incentives 

ma3 - Management support 

me6 - Motivation & feedback 

CC2 - Sampling techniques CC6 - Common statewide form CA13 - Common coding nationally 
cc5 - Use of technologies 
CC7 - EMS collect all injury data call - Field participation in forms ME2 - Online & batch editing 

design ME1 1 - Analysts to interpret and 
Longer- ME1 - Scannable fom code reports 

Term &/or ME3 - Ihke.d data sources MA2 - Quality assurance programs 
Techno- ME 10 - EIVWbauma databnse 
logically ME5 - Imaging and OCWOMR MS1 - Relational database - 

Advanced MS2 - Distibuted da-es 
MS4 - Central quality control 

- Lower-case items numbers lndrcate classification is based upon mterpretauon of input re- 
ceived from operating agencies visited. Upper-case values are based upon ratings of effec- 
tiveness and results of cost projections using the project cost-model. 
- Bolded items are considered technologically advanced 

trained. On-line editing appears with relatively low rank because fairly effective manual 
editing is assumed extant. 

Gmuping of Strategies ? 

Because the strategies represent a broad range of activities, at different levels of investment 
and for different parts of the system, an important consideration is how they can be combined 
for overall better results than if implemented individually, or in an uncoordinated manner. In 
fact, some of the strategies are interdependent, some are inclusive of others, and some are 
mutually exclusive of others. The relationship between the various strategies is demonstrated 
in table 58. The stronger relationships are indicated through symbols, however, the blank 
cells are also indicative of a positive, yet not strong, relationship (a symbol was not used to 
avoid cluttering the table). 
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Table 58 
Relationships Between Strategies 

-_ 
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0 0 .__ 
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I I I I 
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Symbols also show mutual exclusivity, i.e., where the two strategies are inappropriate to be 
practiced together. An example of such inappropriate selection is simplified report design and 
EMS/trauma database. Because of the use of these data for many specialized purposes 
beyond the needs of the safety community, and because of the training of the collectors, a 
simplified form would not enhance the process of collecting often complex medical data. 

On the other hand, some strategies require others to be in place. An example is the use of 
computer-directed interviews. Linked data systems need to be active before practical use can 
be made of computers to assist with interviews. Likewise, redesign of a crash report should 
take place under the direction of a system task force. 

The table is designed for the user who, although focussing upon a specific issue, e.g., use of 
non-sworn crash investigators, can quickly scan across to identify highly complimentary 
strategies. Examples include: relieving the investigator of reporting injury severity by assign- 
ing that responsibility to EMS personnel, and re-organization of management to insure that 
leadership is directed toward the new group, rather than just being an added responsibility of 
an already overloaded administrator. 

Throughout this project a number of aspects of the topic have been identified as items requir- 
ing further study. The level of study can be divided simply into demonstration and research. ’ 
Many of the strategies recommended here have demonstrated their effectiveness because they 
are currently in use in one or more operating agencies. However, not much has been done to 
quantify the effectiveness of the strategy. This project has used qualitative ratings to make a 
first estimate, but field demonstrations under monitored conditions will be necessary to 
provide enough documentation to satisfy others seeking guidance. Therefore, a set of field 
evaluations is needed. 

Field Evaluations 

Strategies are not implemented in a vacuum, and usually not as a single measure (except 
where the strategy is really a composite of several sub-strategies). Therefore, field evalua- 
tions should seek to implement a “package” of strategies. Each package should have an 
underlying theme, or core. Examples of themes include: 

1. Replacement of the general patrol officer as a crash reporter in urban and suburban 
areas. 

2. A basic re-design of the crash report. 

3 _ . A basic re-design of the database management system. 

4. A comprehensive quality-assurance program. 
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5 L . 

6. 

7. 

8. 

9. 

10. 

11. 

12. 

13. 

Complementing a well-designed, operating collection and management system by 
applying advanced technology throughout the process. 

Reducing crash data-reporting requirements of the officer to an absolute minimum 
(without losing needed data). 

Providing complete longitudinal geometries in the roadway inventory database. 

Creating a roadway-inventory history-database. 

Use of EMS personnel to collect injury-severity and driver-condition data in a form 
suitable for highway safety analyses, without using “blind” matching i.e., as being 
done under the CODES project. , . 

Localizing data entry and data management. 
I 

Implementing major re-organization to more effectively direct and control the data 
collection and management process. 

Achieving maximum inter-connectivity of, and minimum duplication between, safety 
databases. 

Developing and implementing a comprehensive and continuing effort to train safety 
data collectors, using state-of-the-art training techniques (to demonstrate the real 
potential of adequate training). 

Each of these “themes” can involve several, if not many, of the strategies that have been 
suggested. The specific combination will be highly dependent upon conditions in the jurisdic- 
tion involved. The ideal approach would be to package strategies considered highly comple- 
mentary, applying them to a site that has an appropriate base condition. The evaluation 
would involve developing and quantifying measures of effectiveness designed to address 
issues of cost, quality, and institutional or organizational impacts. 

Resetmh 

A complementary research effort is needed to investigate some strategies and issues more 
fully before FHWA can suggest other new or improved strategies for agencies to try. Re- 
search needed includes: 

1. Identifying ways for a jurisdiction to estimate the degree of coverage of crashes of 
various types, how they vary over time and with respect to other variables, and how 
an agency can use that information to adjust its evaluation designs, analytical methods, 
and decision making. 
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2. Further study of the strategies identified as requiring more development, 

3. Expand current FHWA efforts to study emerging technologies, to include (possibly 
using the current FHWA program for traffic-records technology-application and dem- 
onstration): 

a. Database management, e.g., advanced databases, advanced communications. 

b. Roadway-inventory data collection, e.g., using satellite imaging and instrumented 
vehicles, especially to obtain longitudinal geometries, and to maintain current 
conditions. 

c. Use computer-based interviews for crash and medical-data collection (including 
possible application of expert systems). 

d. On-going projections and monitoring of technological advances to allow early 
experimentation, e.g., satellite imaging, data from intelligent-vehicles. 

Highway Safety Data: Costs, Quality, and Strategies for Improvement - The Traffic Institute 

152 



8. Review and Recommendations 

Results of the Investbations 

Issues Related to Quality and Costs 

The evaluation of highway safety data set out to identify issues associated with its collection and 
management, to determine the quality associated with the efforts, and calculate costs of 
performing the work. These goals were met and have been addressed in detail in this report. In a 
final step, the research team used the information related to issues, quality, and costs to develop 
and evaluate a set of strategies designed to improve the system. This final chapter highlights key 
findings and describes those strategies which have the greatest potential cost-effectiveness. 

Throughout the study, three sources of data have been considered: highway crash, roadway 
inventory, and crash injury (also called “medical” or “emergency medical services and trauma”) 
data. Most of the attention in this report was devoted to crash data because most of the efforts 
expended and issues related to quality and costs are associated with handling these data. 

As part of the research, the team examined what the literature has said, talked with experts 
throughout the Nation, and visited 10 sites to view and collect first-hand information about 
operation of the data sources. Descriptions of the efforts and findings have appeared in various 
reports produced during the course of the project. Salient points were summarized in this report. 

Issues of quality and costs of data collection were found to be the most critical among those 
studied. Within quality, most important was availability of appropriate, accurate data in a timely 
fashion. Cost issues reflected the growing gap between a larger need to collect and use highway- 
safety data and the resources available to do the work. 

Quality of collecting and reporting data has been treated thoroughly in the literature. Hauer and 
Hakkert, and later O’Day both have written significant treatises addressing some critical aspects 
regarding the quality of crash data. The important finding is that users of the data must ensure 
that their use reflects those conditions which affect quality. This finding also reflects the fact 
that quality varies not only among groups of users but also within specific classes. Police use of 
crash data reflect a different set of conditions than a researcher studying injury-producing 
crashes. Likewise, within a hospital the billing organization and those measuring the 
effectiveness of the trauma unit have widely differing requirements. 

. 

Field interviews and focus groups clearly identified the differences in needs along with and 
concerns related to both quality and costs. Those persons who must respond to the public, e.g., a 
mayor, needed timely data showing how, when, and where crashes occurred within the 
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community. On the other hand, a State agency receiving funds for reducing driving-under-the- 
influence required data describing the role of alcohol in crashes at the end of an extended period 
of evaluation. Finally, the highway engineer facing the need to distribute safety-improvement 
funds required comprehensive, accurate, and precise data relating crashes to highway 
characteristics. None of the organizations involved in safety-data collection and management 
were able to satisfy these diverse needs, although some were doing better than others. In fact, a 
number of noteworthy programs were being operated many of which were attempting to address 
improvements in such aspects of quality as accuracy and timeliness. 

At the.same time there is a diverse demand for quality data, there is an ongoing drive to reduce 
the costs of collecting and managing them. Police, for example, are being called upon to perform 
more and varied services with reduced staff. Collection of crash data, which is seen by many to 
be “for someone else” is one early victim of reduced services. At the management level, 
reductions in staffing are mirroring reductions in budgets available to support the State 
bureaucracy, while still meeting social mandates, e.g. medical assistance to the poor. As with 
issues of quality, approaches are being taken nationwide to achieve cost efficiencies while 
continuing to meet various needs for the safety-data. 

Costs of Collecting and Managing Data 

Of the three sources of data, crash, roadway inventory, and medical, costs could be estimated 
only for collecting and managing crash data. Two conditions precluded estimating costs for 
roadway inventory and medical data. First, few organizations were able to identify efforts and 
total costs associated with collecting these other data. Second, and perhaps more important, most 
of the data collected for these latter two sources are unrelated to highway safety. 

As the research team discovered, collectors and managers had a vague idea of what, costs were 
involved in handling highway safety data. At a macro-level, police managers could determine 
how many resources were being used for crashes and make estimates of their costs. Some of the 
managers of State systems had a good idea of costs either because their department was the sole 
manager of the statistics (and they knew the total budget), or because they had recently been 
upgrading their systems and had obtained a better estimate of costs for that purpose. 

However, sufficient cost information was available at the local; State, and national level ‘to make 
some estimations. What was lacking was time required to perform some tasks, particularly 
computing the costs of collecting data. Past research by others had computed times for handling 
the crash and did not account for the various tasks performed by the responder at the scene. 
Police managers assumed, and which subsequently proved to be an incorrect assumption, that 
costs incurred by their agency were used to satisfy safety needs, particularly those prescribed by 
the State. However, separating costs for safety data from those for crash (and case) management 
proved extremely difficult. On-scene measurement was limited to a few cases simply because of 
the very small likelihood of a crash occurring when an observer was available to measure time 
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accurately. Attempts to use self reporting from officers proved highly unreliable for the needs 
that had to be made. 

Even with the limitations placed on collecting timing data, the research team was able to develop 
some approximations of time for reporting crash data which ranged from 16 minutes for single- 
vehicle, property-damage-only (PDO) crash in an urban area to more than 60 minutes for a 
multiple-vehicle crash involving severe injuries in a rural area. These times reflected between 30 
(the more frequent situation) and 70 percent of the time spent at the scene.’ The remaining 
percentage of time was devoted to crash and case management. 

From these costs, and from estimates regarding the amount of time spent by local and State 
agencies in managing the data a cost estimate was computed.2 On a national level, for all types 
of crashes, the estimated average cost per crash report recorded was $19.20. Using the national 
estimates of crashes by severity and the estimates of time derived from the study, a range in unit- 
costs from $17.50 for a PDO to approximately $32.00 for a severe-injury crash could be shown. 

The costs estimated for collecting and managing data for PDO crashes substantially exceeded 
earlier estimates, such as by NHTSA. On the other hand, the costs associated with a severe- 
injury crash were substantially lower, e.g. the NHTSA estimate of $185 for a fatal crash. 

The relatively small differences in costs of collecting and managing crash data, particularly when’ 
compared to earlier estimates results from several situations. First, unless collectors used a 
“short” and “long” form of the crash report for collecting data, the amount of data collected for 
any crash, regardless of severity, would be the same. Data collection accounts for approximately 
two-thirds of the total. Although an argument could be raised that the costs associated with the 
Fatal Accident Reporting System (FARS) should be included for all fatal crashes, the reporting 
requirements had a negligible effect on the work required to collect and manage data at the State 
and local level. As a result, the incremental cost for a fatal crash would be small. 

Second, assumptions generally held by police officers which could affect how they view the time 
spent on collection of safety data suggested significant time was spent on the fatal crash. Yet, 

’ The percentages are based on the time spent by the initial responding (and usually reporting) 
officer and did not include time spent by other-responding officers, supervisors, and specialist. Subse- 
quent personnel generally provided support for crash and case management. Rarely did they assist in 
collecting safety data. Excluding their time reduced the overall percentage of time spent for safety data. 
At a fatal crash, for example, the time spent collecting and reporting crash data might only be 5 percent 
of the total. 

* In many cases, the research team found that the same data were being processed by multiple 
organizations. The costs computed for crash-data management assumed that the data were handled only 
once. 
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almost all of the additional time, along with additional resources, collected data used to manage 
the case and did not appear in the crash-safety data base. Even though the difference in time 
required to collect data for a PDO and a severe-injury crash was on the magnitude of 2 to 1, the 
severe crashes only account for 5 percent of the total crashes. On a per-minute basis, the 
difference in time will not add substantially to the overall time spent collecting and reporting 
crash data. 

A more thorough study of the time required for data collection might provide more accurate for 
estimating the costs associated with various levels of crash severity. However, the resultant 
changes to the average costs estimated above would likely be relatively small primarily because, 
as the research team learned, most of the costs are incurred regardless of the level of severity 
with a limited increment arising from increasing severity itself. 

Selection of StratePieg 

Evaluating the Strategies 

Investigation and review of operations at selected sites nationally and discussion with key 
personnel in the field of highway safety information led to the development of a number of 
strategies for improving the quality and reducing the costs of handling the data. These strategies 
were classed as those which affected the collecting and reporting of data, or their management 
(or in some cases, both). For collecting and managing traffic-safety data, the research team 
limited their analysis to those strategies which were non-technological. Technological and non- 
technological strategies were evaluated as they applied to collecting and reporting roadway 
inventory and crash injury data. Both classes of strategies were considered for managing data 
from all three sources. 

Each of the strategies was examined from two perspectives: Effect on meeting the goals and 
objectives set for the highway safety data, and effect on costs. Highly cost-effective strategies 
would be those which substantially met the goals and objectives, and which reduced costs 
associated with handling the data. A further division among the strategies was between those 
which were proven and easily implemented, and those which required further evaluation.3 

The evaluation of each,strategy was performed by rating the strategies against 6 scenarios 
representing site specific and systemic applications for the driver, vehicle and roadway, and an 
additional two generalized scenarios (budgeting and defending tort liability). These scenarios 
were important because the likelihood of any one strategies meeting a set of goals and objectives, 

3 A third category represented strategies which required further development because of their 
complexity or technological aspects. Although they were noted in the report, these strategies were not 
evaluated. An example of one that fell in this last category was the use of object-oriented data bases. 

Highway Safety Data: Costs, Quality, and Strategies for Improvement - The Traffic Institute 
156 



e.g., the accuracy attribute of quality, is dependent upon how the strategy applies to a specific 
use. Nominal ratings of how well each strategy met goals and objectives were combined across 
all scenarios and all raters. The resulting average strategies were then summed to present a rating 
of relative effectiveness. 

This rating then was combined with relative changes in costs to present a cost-effectiveness 
rating. For crash data, the changes in costs derived from the cost model; for the roadway and 
crash injury data, the changes were attributed to estimated magnitude of effects on costs of 
operation and implementation. 

Collecting and Managing Crash Data 

In terms of reducing costs, the use of short and long 
forms for recording crash data was substantially su- 
perior to ail other strategies. However, it suffered 
from a limited ability to meet goals and objectives, 
particularly those of quality and coverage. As a result 
the use of two different crash reports, was rated only 
moderately cost effective. Several strategies, includ- 
ing simplified form design, revised format and design, 
and pre-print diagrams showed relatively high cost- 
effectiveness. These strategies also were non- 
technological. The most high-rated technological 
strategy was the use of linked data sources. It also 
appeared as relatively high cost-effectiveness for col- 
lection and management of roadway-inventory and for 
crash-injury data. Table 59 lists those strategies 
which were considered relatively highly cost-effective 
and which either resulted in no change or reduced 
costs. 

Collecting and Managing Roadway 
Inventory Data I 

Unlike the evaluation of strategies for . 
collecting and managing crash data, a cost 
model was not available for use in 
assessing effect on roadway inventory data. 
Instead, the research team rated the 
strategy on its potential to reduce costs of 
operation, along with its ease of imple- 
mentation both from a perspective of costs 

Table 59 
Crash Data Collection and 

Management: 
Relatively High Cost- 

Effectiveness 

Pre-printed diagrams 
Simplified form design 
Revised/improved design and format 
Linked sources of data 
Computer directed interviews (AI) 
Imaging systems 
Use of non-worn crash investigators 
Distributed data bases 
Use of non-automated technology 
Local data entry 
Sworn crash investigators 

Table 60 
Roadway Inventory Data Collection and 

Management: 
Relatively High Cost-Effectiveness 

Use of technologies for collecting and reporting data 
Linked data sources 
Comprehensive system requirements 
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and time (see table 60). A fkther division was between those strategies which could be im- 
plemented readily, and those which required longer term introduction or were technologically 
advanced. Because much of the data used for roadway inventory comes from measurements, 
technology becomes important. As a result, none of the strategies considered to have relatively 
high cost-effectiveness were also considered as being readily implemented. Only three strategies 
fell within the highest rating: 

Collecting and Managing Emergency Medical Data 

A large number of strategies for improving collection and management of emergency medical 
(crash injury) data fell into the category of “relatively high cost-effectiveness.” As was dqge 
with the roadway inventory, the research team evaluated each strategy based on its contribution 
to the goals and objectives, then its relative effect on costs of operation, and on ease and cost of 
implementation. A major issue surrounding the current collection and management of this last 
source of safety data is that few central data bases exists, and there are no apparent standardi for 
how and what data will be collected and managed. 

One highly rated strategy fell into the category of 
being readily implemented, enhanced training 
designed to improve what data are collected and 
the format in which they are reported. An addi- 
tional seven highly-rated strategies were consid- 
ered either longer term for introduction or techno- 
logically advanced. All highly-rated strategies for 

Table 61 
Emergency Medical Services Data 

Collection and Management: 
Relatively High Cost-Effectiveness 

Enhanced Training 
Sampling techniques 

collecting and managing emergency medical 
services data appear in table 6 1. Attention is called 
to the need for developing EMS/trauma databases. 
These generally are non-existence; their develop- 

Use of technologies 
EMS collect all injury data 
Scannable forms 
Linked sources of data 
EMS/trauma data base 

ment would provide a substantial improvement to 
the quality and accessibility of these data, not only 
for the medical community but for the larger 
community of users. 

Imaging and OCRIOMR 

Applying the Strategies 

The assessment of strategies concluded with an overview which showed how strategies could be 
grouped as packages and introduced as a unit. The purpose of this analysis was to indicate where 
joint implementation would be necessary or valuable. An example of a necessary presence of 
one strategy to another is the need for a common EMS form in order for EMS personnel to 
collect all injury data (the latter considered to be a highly rated in terms of c&t-effectiveness). 
Additionally, if EMS personnel do colledi all injury data, then the implementation of several 
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other strategies including non-automated technologies, extensive supervisory review, and 
enhanced training (as examples) would prove very useful to the strategy. 

Packages of strategies then need to be ‘evaluated based on field-level trials. For roadway 
inventory and medical data, a cost model should also be developed in order to allow future 
researchers to examine both the effectiveness of the strategy (or package) in terms of meeting 
goals and objectives, and. the ability of the strategy to reduce costs associated with the process. 

Effort needs to be directed toward technological applications, particularly where these applica- 
tions can be done using current techno1ogie.s and at a relatively low cost of implementation. 
Such a step is important to applying several of the high-rated strategies which can, in particular, 
help meet quality goals and objectives. This process compliments the work on emerging tech- 
nologies in that it provides basic technologies which can be improved once proven advanced 
technologies become available. 

In conclusion, the collection and management of highway safety data from its three sources 
appears to be relatively expensive and does not always meet levels of quality expected. A 
number of agencies using these safety data have introduced practices which are exemplary. They 
do attempt to reduce some of the problems either associated with costs or the quality of the data. 
Additionally, a number of other strategies can be implemented which will assist in the reduction 
of costs while enhancing quality. Many of the recommendations do not require technology to 
undertake, and where they do, the technologies are generally available and can be instituted 
readily. Some of the potential outcomes can result in substantial cost savings while having a 
positive effect on meeting goals and objectives related to the improvement of highway safety 
data. 
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Appendix A 
Comments from Users Regarding Quality of Crash Data 

Coverage 

Accuracy 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Reporting of PDO crashes varies among jurisdictions; local thresholds 
vary from the State threshold. 
Pedestrian and bicycle crashes are not well-reported. 
Hit and run crashes are not reported or incorrectly reported. 
Not entering data for PDO’s, either because they are not reported, or 
they are reported on a short form which the State does not process for 
data entry, eliminates important samples for location-specific analyses. 
Alcohol involvement for pedestrians often is ignored. 

Officers tend to be accurate on reporting the “when, here, and who” 
aspects of the crash, but less accurate with the “how and why” aspects. 
Locations are mis-coded a significant proportion of the time with 
distance to or from the intersection often inaccurately measured. 
The officer either does not have sufficiently good judgement for 
determining when a crash may be intersection related, or does not 
consider it important. 
Seat-belt, alcohol, and speed prior to the crash upon is primarily based 
on occupant statements rather than officer investigation of evidence. 
Changes in the codes on the format are not being reflected in the 
coding process; the use of “other” and “unknown” occur too frequently. 
Elements related to the roadway and actions related roadway features, 
e.g. distinguishing between “cross-median” and “u-turn across 
median,” are inaccurately reported. 
The type of crash is often inaccurately coded. 
Offricers often mark the wrong scannable-report (OMR) “bubbles”, 
resulting in values “ten” times what is correct, e.g., number of 
occupants. 
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Completeness 9 
0 

0 

0 

0 

0 

0 

0 

0 

0 

The seating position of passengers is not provided for on the PCR. 
Hit and run crashes are a significant proportion of total but result in 
many incomplete elements on the PCR. 
Occupant attributes are not recorded if uninjured, but are desired for 
safety analyses. 
System reports do not tabulate the frequency of occurrence of “other” 
and “unknown.” 
A significant percentage of PCR’s have one or more elements not 
completed. 
Alcohol involvement is sometimes implied in the narrative, but the 
area of the form for reporting alcohol involvement is not completed. 
Lack of details on contributing circumstances for roadway elements 
significantly limits engineering analyses. 
Up to 20 percent of the reports do not have any primary contributing 
circumstances indicated. 
Helmet usage was not reported on up to two thirds of motorcycle 
crashes. 
Passenger age is frequently missing or indicated as “unknown.” 

Precision l Great precision is not needed for classifying injury severity for 
highway-engineering use, but it is needed for motor-vehicle 
administration uses. 

0 Either the design of the PCR, or the reporting practices, do not allow 
analysts to identify initial engagement points of vehicles and objects. 

0 Narratives and diagrams tend to be oriented to establishing fault, rather 
than recording facts. 
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Precision 

Timeliness 

0 

0 

0 

0 

Some collision factors and elements may not be precise enough 
resulting in a frequent use of “other.” 
When changes are made of codes on the form, to accomplish greater 
precision, the new codes can confuse officers; increasing the number 
of codes, however, does not necessarily increase precision, 
Officers often provide insufficient information to locate crashes 
precisely - e.g., street name is often not recorded with sufficient 
precision to identify it. 
The typology used for pedestrian actions is not adequately related to 
the real world. 
Some codes for contributing circumstances are imprecise, e.g., 
“careless driving” or “speed too fast for conditions.” 
Indicating the part ofthe body injured is not needed for highway- 
engineering safety analyses. 
Recording a complete sequence of events is important, especially when 
the PCR record that is created is based upon self-coded data on the 
PCR, rather than interpretation of a narrative and diagram. 
Injured parties in a school bus crash are not reported with sufficient 
precision to know if the injured parties were on the bus, getting on or 
off, or passing a bus on a bicycle. 
Imprecise descriptions of roadway elements or technical aspects, e.g. 
hydroplaning preclude use of PCR for critical studies. 

0 Crash and citation data are available barely in time for preparation of 
the State Highway Safety Plan each year. 

0 The media wants very current data 
0 One State patrol indicated that a 2-month lag is okay for strategic 

safety analyses, but want immediate notification of crashes with severe 
injuries and current data for selective enforcement planning 

0 Safety researchers want no longer than a two-month lag on the 
availability of data from the system 
Users from law departments want current data ’ 0 

0 Count data are often too late for the annual planning cycle 
0 Selective-enforcement planners in local law-enforcement agencies 

want current data 
0 Lack of timeliness in having automated files available is what drives 

many local agencies to create their own crash reporting systems. 

: 
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Consistency 0 

0 

0 

0 

0 
0 

0 

0 

l 

l 

Injury severity is not consistently defined across the State 
Officers are not consistent when reporting location relative to road 
Street classification is not reported consistently across the State 
When reports are altered, incomplete retraining results in inconsistent 
reporting. 
Alcohol involvement is not consistently reported between agencies 
Officers are inconsistent in indicating direction of travel on their 
diagrams 
Inconsistent reporting thresholds occur across States 
Possible contributing circumstances are indicated in a higher 
percentage of the cases, with increasing severity of the crash 
Officers indicating “impaired” as a possible contributing circumsrance, 
often do not complete the Idriver condition” area 
Inconsistent use of street and highway names on reports results in as 
many as 20 percent of the crashes on State trunk highways not being 
location coded - a bias among non location-coded crashes seems to be 
toward over-reuresentation of urban crashes 
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Appendix B 
Scenarios to Be Used for Evaluating Strategies 

1. Police Selective Traffic Enforcement 

Overview 

Probably the most common use of traffic crash information by law enforcement agencies is the 
planning for and evaluation of selective traffic law enforcement programs. Law enforcement 
agency managers have long recognized that it is not possible to apprehend all traffic law 
violators. Also, most of those managers recognize that the need for enforcement is greater in 
some geographic areas than in others. Selective traffic law enforcement reflects both of these 
issues. Defined most simply, selective traffic law enforcement is the focusing of traffic law 
enforcement efforts at those locations and times where the need is greatest, as determined by the 
incidence of traffic crashes. In addition, enforcement should also be directed @ward traffic law 
violations that are over-represented in crashes. 

Some law enforcement agencies will assign personnel to be at selected locations at specific 
times; others will make potential selective enforcement locations known to officers responsible 
for those areas and leave the amount of enforcement time to the officers’ discretion. To evaluate 
the effectiveness of their programs, law enforcement agencies will look at crash incidence after 
the implementation of a selective enforcement program to learn if: 

l Crashes have decreased in number at the selected locations. 
l Crashes have decreased in number at the selected times. 
l Specified violations are no longer over-represented in crashes that do occur. 

Law enforcement agencies with greater analytical capabilities will also look at factors such as 
displacement of crashes both geographically and temporarily, and develop weighting schemes for 
measuring effectiveness by factoring crash severity into their analyses. These agencies will also 
be able to determine if reductions in numbers of crashes are statistically significant and tb assure 
that reductions are not simple regression to the mean artifacts. 

Detailed Descw 

Objectives of the analysis. The objectives of these analyses are to identify potential selective 
traffic law enforcement locations and to evaluate selective traffic law enforcement programs. In 
addition to identifying locations that are over-represented with crashes, the times when those 
crashes are occurring, and traffic law violations associated with the crashes should also be 
determined. Agencies identify locations with the greatest frequency of crashes, or adjust the 
“raw” numbers by traffic volume or crash-severity factors. 
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intended end-user of the information. The intended end-users of this information are the law 
enforcement agency managers who have responsibility for assignment of personnel and for the 
evaluation of agency deterrence projects. Ultimately, results of selective traffic law enforcement 
programs are usually presented in reports to agency (or city, county or State) administrators, or 
presented in agency annual reports. The person who identifies the selective traffic law 
enforcement locations and evaluates such programs is usually a manager of an agency’s traffic 
section, or a civilian employee of the agency’s research or planning units. 

Data sources to be used for this analysis. The primary data source will be the agency’s traffic 
crash report file. If it is maintained as it should be, reports will be either filed directly by 
location, or cross-referenced by location through either card or computer tiles. If the agency 
wants to adjust their locations based on exposure, traffic volume information will need to be 
obtained from appropriate city, county, or State traffic engineering offices. Depending on the 
sophistication of the agency’s data system, information on crash-related traffic law violations 
may be available in the electronic file, or the source documents (crash reports) will need to be 
manually reviewed for the information. 

Analysis to be performed. This program calls for two analyses: the identification of selective 
traffic law enforcement locations (times and violations) and the assessment of the effectiveness 
of the selective traffic law enforcement efforts at each location in terms of reducing the number - 
of crashes, and impact on crashes community or area wide. Site identification can be as simple 
as a crash count, or can be adjusted based on crash severity or exposure in terms of traffic vol- 
ume. Analyses of program effectiveness will include tests for significant reductions in crashes at 
the specific locations, or cumulatively across all locations. 

Information to be produced. The initial information to be produced is the listing of selective 
traffic law enforcement locations times and violations for dissemination to enforcement officers 
and their officers. Later information will be the basis of reports on the effectiveness of the 
program in terms of crash reduction. 

2. Commercial Vehicle Inspection for Overweight and Defective Equipment 

Overview 

Almost any police traffic enforcement program based on analyses of crash data can be called 
“selective traffic law enforcement.” Scenario #l, described above, describes how crash data are 
used for the implementation and monitoring of a “classic” selective enforcement program. This 
scenario describes a variation of a comprehensive selective traffic law enforcement program 
where the analysis of crash data and subsequent enforcement program focus on specific vehicle 
types rather th an “moving” traffic law violations. 
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This scenario assumes that someone in a law enforcement agency (or even the community at 
large) has observed that large commercial vehicles appear to be involved in a disproportionate 
number of crashes in an area. Based on this observation, crash records would be analyzed and, 
presumably, it would be determined that, in the area in question, crash involvement of large 
commercial vehicles would be something on the order of more than three times their crash 
involvement rate citywide. As the analysis continues, it would also be noted that in rnost of the 
crashes, the commercial vehicle driver was indicated as being at fault, with the most common 
violations noted as either “speed too fast for conditions” or “disobeying a traffic control device.” 

Examination of the roadway inventory tile or a visit to the area of the crashes would show that 
the direction of travel of most of the crash-involved commercial vehicles was a 4 percent 
downgrade. A site visit would also confirm that there were a number of freight terminals and/or 
gravel pits in the area where the crashes were occurring. The person doing the crash analysis 
should then take the findings of the large commercial vehicle crash over involvement to someone 
who was experienced with commercial vehicle operations and enforcement. 

That person’s review of the crash situations might indicate a supposition that many of the crash- 
involved vehicles were either overweight or had defective braking equipment. Either situation 
could result in the large commercial vehicles gaining too much speed on the downgrade to be 
able to stop or slow in time to avoid a collision either at an intersection or with vehicles 
operating a lower speeds (either as through traffic or entering/exiting the roadway). 

The result of all these analyses would be the implementation of a commercial vehicle 
enforcement program upstream of the crash area focusing on both weighing vehicles and 
inspecting braking equipment. The results of the program should include: 

l Decrease in the number of crashes involving large commercial vehicles. 
l Overall decrease in the number of crashes in the area due to increased police presence. 
l Specified commercial vehicle violations are no longer over-represented in crashes that do 

occur. 

Law enforcement agencies with greater analytical capabilities will also look at factors such as 
displacement of crashes to learn if the commercial vehicle drivers are altering their routes to 
avoid the increased overweight/defective equipment enforcement efforts. 

. . 
Detailed Descnpfiqg 

Objectives of the analysis. The objectives of this analysis are to confirm that a large commer- 
cial vehicle crash problem does exist, to determine reasons for that large commercial vehicle 
crash over involvement, and to develop an appropriate countermeasures program. This program 
will be both location and time specific in most instances. . 
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Intended end-user of the information. The eventual end-users of this information are the law 
enforcement agency managers who have responsibility for assignment of personnel and for the 
operational law enforcement personnel who will have the responsibility for carrying out the 
countermeasures program(s). Information from the countermeasures program will subsequently 
be used in an evaluation of projects. Ultimately, results of this type of selective traffic law 
enforcement programs would be presented in reports to agency (or city, county or state) 
administrators, or contained in agency annual reports. In a special situation such as the one 
described here, data access could be made by differing individuals. The person who usually 
identifies high crash incidence locations and evaluates such programs is usually a manager of an 
agency’s traffic section, or a civilian employee of the agency’s research or planning units. 

Data sources to be used for this analysis. As with a standard selective traffic law enforcement 
program, the primary data source will be the agency’s’ traffic crash report file. If it is maintained 
& it should be, reports will be either filed directly by location, or cross-referenced by location 
through either card or computer files. The type of vehicles involved in a crash (passenger &r, 
large truck, motorcycle) is usually coded on the crash report, but may not be entered into a city’s 
crash information data base. If the information is not is the data base, a manual review of all 
crash reports for the involved area will need to be made. Depending on the sophistication of the 
agency’s data system, information on crash-related traffic law violations may be available in the 
electronic file, otherwise the source documents (crash reports) will again need to be manually 
reviewed for the information. In addition, physical information on the crash location will be 
needed from either the roadway inventory of from a visit to the site to determine if characteristics 
such as grade are relevant factors. 

Analysis to be performed. This program calls for several analyses: confirmation that large 
commercial vehicles are over involved in crashes, determination of potential reasons for that over 
involvement (e.g. traffic law violations such as “disobeying traffic control devices” or “speed too 
fast for conditions”), examination of potential environmental factors (e.g., road grade) , and a 
conclusion as to other factors that are contributing to the crashes (e.g., overweight.vehicles or 
defective brakes). Analyses of program effectiveness will include tests for significant reductions 
in crashes at the specific locations, or cumulatively across all locations. 

Information to be produced. The initial information to be produced is the listing of commer- 
cial vehicle-involved crashes are the suspect site. A detailed examination of those crash reports 
will provide additional information as to probable crash causative factors and candidate enfo’rce- 
ment countermeasures. Later information will result in reports on the effectiveness of the 
program in terms of reducing the over involvement of large commercial vehicles in crashes at the 
specified location. 
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3. High-Hazard Location Identification 

Overview 

Engineering (to a greater extent) and law enforcement agencies seek to identify the most 
hazardous locations on the highway system. This is done to make the most cost-effective use of 
the limited resources available for highway safety improvements. Hazard is defined in different 
ways by different agencies. It ranges from frequency of crashes to a sophisticated measure of 
excessively high crash experience relative to similar types of roads. 

The analysis relies heavily upon data from police crash report (PCR) files and roadway inventory 
files. Important variables include location, severity, and descriptors of the event(s). A “site” 
may defined with respect to an intersection, segment, corridor, or area. Furthermore, the hazard 
sought may become focused, such as on wet weather, speed-involved, or night crashes. The, 
information is often initially presented as a prioritized listing of sites as a “high-hazard location” 
(HHL) report. This may be followed by development of collision diagrams and drawings of site 
physical characteristics. Countermeasures are selected based upon analysis of information on 
crash and site attributes. Cost-benefit analyses are sometimes performed using crash information 
to project reductions in costs as a result of improvements. 

The users of this information usually are mid-level engineers who will place highly summarized 
results into materials for high-level decision-makers who will program funds for specific 
improvements. Law enforcement personnel using this information are usually planning officers 
who provide the results to mid-level command personnel for final selection and assignment of 
personnel for enforcement. 

Detailed Description 

Objectives of the analysis. This is a basic traffic engineering use of traffic safety-data and its 
objective is, stated simply, to identify and prioritize locations for safety improvement actions. 
‘The analysis will specifically focus on those locations where engineering improvements should 
help to ameliorate the crash problem. 

Intended end-user of the information. Likely users are high-level engineering management 
who will make funding decisions, and mid-level law enforcement command personnel who will 
make staff allocation decisions. 

Persons who will access the data. Data processing is usually done by personnel in a manage- 
ment information services (MIS) department. Rarely will end users have direct access to the 
data. The initial HHL list is usually a pre-defined report which is regularly produced by the MIS 
agency, either at a designated time, or upon request. When access is available to individuals 
outside the MIS agency, the user is often either a mid-level engineer/analyst or a law-enforce- 
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ment planning staff member who does the analysis and provides summary information to the end 
user. 

Data sources to be used for this analysis. Sources to be used for these analyses are the central 
crash information repository for the entities in question (e.g., State files for State routes, county 
tiles for county routes, etc. depending on how the various records repositories record location 
information. Roadway inventory tiles are an additional data source frequently used for this type 
of analysis. Often the engineers refer to individual crash reports using the narrative and diagram 
to help in identifying counter measures to be employed. 

Analysis to be performed. Analyses used to identify HHL’s can vary considerably depending 
upon the definition of “hazard” and the statistical basis desired. Frequency of crashes is often 
used. The use of frequency can be further enhanced by using the cost of crashes or some other 
device for weighting according to severity. The definition can be extended to account for 
severity and exposure (using a rate). Statistical tests can be added to determine if a site exceeds 
the average by a sufficient amount to be likely due to more than chance. The group upon which 
the average is based can be defined to create a universe of peers, having common characteristics. 
The definition of a site will vary depending upon the focus of the analysis. There can be an 
interest in specific points in the system such as intersections, segments between intersections, 
lengths of routes (corridors), and whole areas (counties). The analyses involving a length of 
highway can involve application of specific criteria for determining the termini of the section. 
There is a trend among State and local agencies to use the more sophisticated approaches for 
HHL identification. 

Information to be produced. Information for the HHL sites may be based upon more than one 
year of data. HHL listings may include the following information for each site: 

1. Location and identification. 
2. Averages for the measure(s) of hazard. 
3. Peer group assignment. 
4. Critical rate, for the peer group, of the measure(s) of hazard. 
5. Ranking for the site. 
6. Summary descriptive statistics for the site. 
7. Listings of key variables for individual crashes at the site (usually sufficient to diow 

manual preparation of a collision diagram). 
8. Listing of key roadway attributes for the site (including traffic volumes). 
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4. Use of Crash Data by a Motor Vehicle Administrator. 

Overview 

The agency responsible for driver licensing in a State typically develops a data acquisition and 
processing activity to identify deviant drivers. This is usually followed up by a sanction program 
intended to improve driver performance. This particular scenario involves the use of such 
information to evaluate the effectiveness of alternative sanctions. 

The computer record is centered on the driver. Information attached to each driver record 
includes the incidence of traffic violations, crashes (usually only when this driver was at .fault), 
and a listing of any sanctions imposed. Crash data are often processed by another agency in the 
State, and entries are made in the driver record using the driver license number as a linking vari- 
able. 

An important potential use of such driver-centered data is in the evaluation of counter measures. 
In this scenario, several experimental countermeasures are postulated, and the data used to 
determine which countermeasure(s) should be selected for more general application. The 
ultimate users of the data and the analyses are the administrators of the driver licensing authority. 
They depend heavily on complete and accurate reporting from the field. .- 

This scenario will follow through the activities associated with such a countermeasure evalua- 
tion. There are many possible driver improvement areas that could be addressed; as an example 
we will consider a program to reduce future crashes and violations among drivers who have 
already had two crashes over the past year. The measure of effectiveness in this program will be 
a comparison of crashes in the year after the sanction to those in the year before, and a relative 
assessment among groups for the after period. 

The processes described in this scenario are adapted from many programs conducted by Ray 
Peck and his predecessor, Ron Coppin, at the California Department of Motor Vehicles. 
California often had a numerical advantage in conducting such experiments. But similar 
experiments have been and can be done in smaller states with equally useful results. 

Detailed Descm 

Objectives of this analysis. The objectives of this analysis are to compare the driving behavior 
of four groups of motorists who been involved and at fault in two crashes over a l-year period. 
Each group (other than the control) will be subjected to a particular sanction: 

l Group 1 will receive a friendly letter stating that the motor vehicle administrator hopes 
that driving performance will improve. 
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l Group 2 will be receive a more threatening warning letter suggesting possible future 
sanctions if performance does not improve. 

l Group 3 will be required to attend a 2-hour seminar at a motor vehicle department facility 
where they will given pointers on how to avoid crashes along with discussing their 
driving records, the dangers of speeding, and the consequences if they are arrested again. 

l Group 4 which is a control group where no actions are taken. 

Driver records will be compared for a specified period after the countermeasure is imposed, and, 
the cost or benefit of any crash reduction determined will be compared with the cost of executing 
the countermeasure the program. Ultimately one or more countermeasures may be chosen for 
widespread application. A properly conducted experiment will lead to the greatest value for the 
dollar. 

Intended end-user of the information. The intended end-user of this information is the State’s 
motor vehicle administrator, who is responsible for driver improvement activities. This adminis- 
trator wishes to spend his budget in the most effective way, and is looking for the most cost 
effective choice. The persons who will access the data could be on the research staff of the 
motor vehicle administrator or could be a research contractor (e.g., in the psychology department, 
at a State university). If the person is a motor vehicle department staff member, she should have 
some statistical training and should be knowledgeable about the accuracy and completeness of 
the data being analyzed. 

Data sources to be used for this analysis. The major data source for this effort is the driver 
record file. This is a driver-centered tile, with personal information as well as entries for each 
pertinent action that occurs. This would include the driver’s name, address, age, and sex. 
Sometimes the tile will include a notation if the driver has had a formal driver education 
program. The license category (commercial or private, motorcycle endorsement; etc.) will be 
recorded. Finally there will be entries for convictions for traffic violations and some crash 
involvements. In many States crash involvement will be entered in the driver record only when 
that driver is at fault. 

The driver record file normally contains only a brief abstract of the data available in the crash 
tile. The analyst may be interested in more detail regarding the type of crash, the injuries, or the 
kinds of vehicles involved. The driver license number may be used as a linking variable to the 
crash file. Some States also have a citation file that might be useful in this analysis, since it 
could contain citations that never proceeded to convictions. 

Analysis to be performed. The analyses produce sets of crash rates, involvements divided by 
time, for each of the four subject groups. Before any analysis begins, however, there is the 
important step of experimental design. 
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In order to have a viable experiment for this project, it is necessary to identify the subjects in the 
driver record, and to divide them into three randomly selected experimental groups and one 
control group. Crash information has been collected by police agencies and forwarded to the 
motor vehicle department where it is entered into the individual driver records. A first step in 
this experiment is to search the driver records to identify those with two and only two crashes 
within the past 12 months. 

The sample size required depends on the crash frequency in the after period, on the difference in 
the crash rate among the three groups, and on the confidence interval desired or acceptable to the 
researcher. There will surely be a regression to the mean effect, so that the total number of 
crashes for these groups will be smaller in the post period. A 2-year driver file might be 
analyzed at the outset to get an estimate of the number of crashes in a second year for drivers 
who had two in a first year. If the proportion of drivers with crashes in the post period were 20 
percent, the designer might anticipate that this would approximate the value for the new 
experiment. A sample size of the order of 10,000 for each treatment group would lead to a 
standard error of about 1 percent. Differences among the groups performance would have to be 
larger than this 1 percent to permit a conclusion that one was better than the other. 

Information to be produced. The data in the driver file includes a continuing record of 
violations and (usually) at-fault crashes, each entry accompanied by a date, and perhaps by 
details of the crash (injury or no injury, drinking or no drinking, etc.) The basic measure of 
performance is determined by counting crashes and violations for each group over a period of 
1 year following the sanction, and comparing the frequency among the three groups. 

5. Use of Crash Data by a Vehicle Manufacturer to Evaluate 
the Effectiveness of Anti-Lock Brakes 

Overview 

All vehicle manufacturers are concerned about the safety impact of design changes and devices 
that affect the risk to occupants riding in their cars and trucks. Safety is becoming an 
increasingly important factor in the marketplace today, and manufacturers recognize that it is 
desirable for changes in design or features to lead to fewer crashes and injuries. 

Manufacturers consider safety in the design stage, simulating crashes by computer, and by 
conducting sled and instrumented crash tests. In addition, many manufacturers sponsor indepth 
crash investigation programs designed to look in detail at the effectiveness of components such 
as anti-lock brakes to reduce the incident of loss of control and collisions resulting from loss of 
control because of improper braking. 

Ultimately it would be desirable to confirm the results of their work by analyzing the mass crash 
data representing the real world. Police crash, data, containing information about injuries and 
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crash types, represent a large data source for such an investigation. Most manufacturers would 
presumably be interested in determining whether predicted injury reductions are occurring, 

In this scenario, the manufacturer is considering adding anti-lock braking systems (ABS) to a 
vehicle class and including them as standard equipment. They are concerned that if the brakes 
are not effective, the added cost may not be accepted by the public. Furthermore, by providing 
anti-lock brakes as standard equipment, and implying their safety, the manufacturer may be 
liable for driver errors induced by unwarranted assumptions about the safety of using such 
brakes, 

The question at hand is whether the predicted changes can be detected in the police crash data, 
and how large a change has occurred. 

Detailed Description 

Specific objectives of this analysis. The objectives of this analysis are to acquire a set of crash 
data from one or more States, to identify those crashes in which this new vehicle is involved, and 
to compare the types of crashes between vehicles equipped and not equipped with anti-lock 
brakes, The manufacturers have estimated that anti-lock brakes will reduce crashes evolving 
from loss of vehicle control by 30 percent. 

Insurance companies also have an interest in the analysis because they are offering lower 
collision insurance rates for vehicles with anti-lock brakes. If the brakes are not effective, insur- 
ers will have to revise their rates or risk losses because of inadequate premiums. 

Intended end-user of the information. The intended end users of this information are the 
vehicle manufacturing company’s management and the safety design personnel. The data 
analysis will be done by analysts in the manufacturer’s safety office. The introduction of ABS 
has been widely heralded. However, the manufacturers want to change their marketing strategy 
promptly if the changes in crashes do not occur. The manufacturers will also want to identify 
how they will continue to use the brakes on other models and vehicle lines. 

Data sources to be used for this analysis. The desired data files are State crash data collections 
from several large States. A large number (100,000) of these ,vehicles have been sold. With 225 
million persons in the U.S. the sum of California (30 million), New York (18 million), Texas 
(17 million) and Florida (13 million) account for about one-third of the people in the country. If 
these vehicles were distributed in the country in proportion to population, about one-third of the 
100,000 vehicles produced with ABS would be in one of these four States. Of these 33,000 
vehicles about 12 percent (3,960) would be expected to be involved in a crash which resulted 
from loss of control. 

If all of the data from each State were used, most statistical tests are inappropriate for publi- 
cation, although they may be useful to the analyst. More important however, is the ability to 
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identify those crashes which resulted from loss of control. This means that crash investigators 
must include elements on he crash reports which allow the researchers to identify crashes in 
which loss of control was a contributing factor. 

Analysis to be performed. The analysts must first identify the vehicle populations of interest. 
There are two groups: (1) the new cars with the anti-lock braking, and (2) vehicles of the same 
make and model without the brakes. The most effective way to identify these with the required 
precision,is by using the Vehicle Identification Numbers (VIN) assigned by the manufacturer. In 
addition, the data must be further subset to provide a file that fits the criteria of “loss of control.” 

Since each State uses different elements for identifying harmful events, manners of collision, and 
contributing factors, the analysis files will be developed State by State. For each State the data 
will be tabulated in the following categories: 

l Two vehicle groups: new cars, last year’s cars. 
l First harmful event is loss of control. 

Other elements of importance may be weather, road surface, injury severity, and other contrib- 
uting factors. Amount of damage to the vehicle would also be of value to insurance companies, 
but few States gather data which allow an assessment based on severity of damage. 

Information to be produced. The first assessment of the data will be a two-way table compar- 
ing number of crashes in which loss of control was the first harmful event for vehicles with and 
without anti-lock brakes. If sufficient data are available, the analysts may examine subsets of the 
same table based on severity of injury and on numbers of vehicles involved. It is entirely 
possible that no difference may exist in loss of control collisions as a whole, but those vehicles 
with anti-lock brakes were involved in less serious crashes. 

If no differences are found, the analyst may have to search for reasons. There may be 
confounding factors on the assumption that the brakes worked as manufactured. For example, 
drivers with anti-lock brakes may drive more aggressively trusting the anti-lock brakes to help 
them avoid a crash (although this “risk compensation” theory was largely discredited in studies 
involving seat belt use). Drivers may not know that they can steer their vehicle, even with the 
brake pedal depressed. The manufacturers and insurers may find that they need to conduct 
education and training. 
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6. Measuring Changes in Crashes Related 
to an Increase in the Speed Limit 

Overview 

Although the law permitting States to increase their maximum speed limit on certain controlled 
access highways to 104.6 km/h has been in place for several years, there are States that have not 
chosen to do so. In addition, other States have not raised the limit on all eligible roadways, and 
changing demographics can affect the eligibility of roadways to have a 104.6~km/h maximum 
speed limit. 

While there have been studies on the safety impact of increasing speed limits from 88.5 km/h to 
104.6 km/h, the results of these studies have not been consistent. While many roadways showed 
increased fatality and/or other crash-related rates after their maximum speed limit was raised, this 
has not always been the case. It is therefore possible that a State without full implementation of 
the 104.6-kmk limit on eligible roadways would want to do their own study before raising the 
limit on any (or all) roadways. 

For this scenario, it will be assumed that a State increased the speed limit on some, but not all 
eligible roadways and now wants to do a study on the effects of the increased limit on the 
affected roadways. Since not all eligible roadways had their speed limit raised, it will be 
assumed that sections of roadway that have retained their 88.5~km/h speed limit can be found 
that are otherwise comparable to those that were raised to 104.6 km/h. This will enable research- 
ers to crease a simple four cell assessment grid describing a pre- post-implementation condition 
with a control. 

The treatment can be a before/after comparison with a control area. The measure used can be 
overall crash rate, fatality rate, change in crash severity or other, similar measure. If the data 
analyst has suitable capabilities and sufficient historical data are available, more sophisticated 
time series analyses can be conducted. 

Detailed Description 

Objectives of this analysis. Objectives of this analysis are to conduct a before and after or time 
series study of the crash or crash severity rate on a roadway (the experimental section) on which 
the speed limit was increased from 88.5 to 104.6 km/h while also evaluating those rates on a 
similar roadway (the control section) where the speed limit remained at 88.5 km/h. 

Crash records will be compared for two specified time periods before and after the speed limit 
was increased on the experimental roadway. If possible, the data collection periods would be at 
least the year prior to the speed limit change and a l-year period beginning at least 6 months after 
the speed limit changed. (The gap between the data collection periods will not affect data 
validity if a full 12 months are used for the post-change data collection, this will eliminate any 
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seasonal biases. The interim period will allow motorists to fully adjust to the new speed limit 
prior to the post change data collection interval. It will be desirable to look as several years’ pre- 
speed limit change information so that trends in the crash or crash-severity rates can be noted. 

Intended end-user of the information. The intended end-users of this information are the 
state’s highway department and legislature. The latter may want to use the data to consider 
legislation to permit 104.6-km/h speeds anywhere in the State. The highway department will use 
the information to help determine the roadways on which roadways the limit should be increased, 
if increases are authorized by the legislature. The persons who will access the data could be on 
the research staff of the highway department, legislative analysts, or it could be a research 
contractor (e.g., in the psychology department at a State university). If the persons are highway 
department staff members or legislative analysts, they should have some statistical training and 
should be knowledgeable about the accuracy and completeness of the data being analyzed. 

Data sources to be used for this analysis. The major data source for this effort is the State 
crash record for the roadway sections being studied. This is a crash-centered file, with 
information on crash severity, types of vehicles involved, maneuvers, harmful events, and 
information about the roadway and environment. There are usually few personal identifiers in 
this file, but demographic information on vehicle occupants and injury severity is usually listed. 
Finally there will sometimes be entries for violations of traffic laws or other notations of possible . 
driver error. Some States even include estimates of the pre-crash speeds of vehicles, but this is 
generally not considered to be reliable information. 

Assuming that crash data collection and recording has been consistent in both the experimental 
and control areas for the entire study period, there should be little difficulty with evaluating the 
data needed. Other than specifying the road segments needed, all data should be in the state file 
in a form that is usable. 

Analysis to be performed. The before and after analyses produce sets of crash rates, in- 
volvements divided by time, for each of the four subject groups. A time series analysis will 
provide information as to the significance of any change in crash or crash-severity rates in the 
experimental area, determine if the changes are different in the control area, determine if the 
change is different from what was predicted by historical trends. 

The crashes subjected to analysis will depend upon data available in the State’s crash tile. The 
simplest analysis is to look at the total crash rates for the both areas in both time periods. 
However, since it can be hypothesized that the higher speed limit will result in more severe 
crashes (as opposed to simply more crashes), assigning severity scores to all crashes and 
evaluating the severity rate may be a more fruitful approach. Since it can be argued that higher 
speeds can make any crash more severe, limiting the study to only certain crash types is probably 
not appropriate. 
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Information to be produced. The user information produced from this study will be a report 
showing the change in crash or crash severity rates for the experimental, the significance of that 
change, if that change was different from the change noticed on the control roadway, and if the 
change differed from that forecast from historical trends. The specific nature of what is produced 
will depend upon the sophistication of the analytical test(s) used. 

7. Use of Crash Data by a State Legislative Committee 
to Support a Budget Allocation 

Overview 

. A State legislative budget committee is considering a request t?om an association of county 
sheriffs for financial support of their crash investigation activities on the State and Federal, 
highway system. The sheriffs argue that, since they are supported solely by county taxes, the 
state should provide some form of reimbursement for their investigative work on State routes. 
The committee has agreed in principle, but would like to seek data to support a particular funding 
distribution. 

The State’s crash data tile contains information regarding crash severity (injury, non-injury, 
fatal), crash types(multi-vehicle or single vehicle), road class, and the type of investigating 
officer (city, county, State). 

The committee has requested that a State police analyst investigate and write a report detailing 
the costs (for the past year) assignable to county officers investigating crashes on State and 
Federal routes. 

Detailed Descriutiola 

Objectives of this analysis. The objectives of this analysis are to develop a cost model for the 
crash investigation portion of police activities, estimating the amounts in a two-way tabulation of 
investigator type and road class. Crash data will be used to estimate the numbers of crashes 
investigated; external data will be used to estimate the per crash investigation costs. 

Intended end-user of the information. The intended end-user of this information is the 
legislative budget committee that wishes to develop a bill for fair restitution of the counties for 
their efforts. The bill will ultimately be voted on by the legislature. The investigator using the 
information is assumed to be a staff analyst with the State Police. This person should have easy 
access to the States crash data files, and also to records of police salary and other operating costs. 

Data sources to be used for this analysis. The primary data source is the State crash file. If it 
is up to date it should contain records of all the police-reported crashes over the time period of 
interest. In addition to the computer file, data on police salaries, overhead, and overtime pay 
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rates are needed to complete this analysis. There may be no central location for these data, but 
they should be available from public records. 

Analysis to be performed. One variable in the crash data tile reports the type of agency that 
conducted the investigation. Although there may be more detail (such as police post number, 
county or city name), the data will be recoded into three levels’: State police, county sheriffs, and 
city police. A second variable of interest it the road class. This will be recoded into just three 
levels: State and Federal highways combined, county roads, and city streets. 

To develop a cost figure, it is necessary to estimate the number of staff hours necessary for each 
investigation, multiply this by the appropriate hourly investigator cost, add the overhead, and 
sum the tabular information for each cell. 

Information to be produced. The information necessary to answer the sheriffs question is the 
estimated cost to the counties of investigating crashes that occurred on States routes. The other 
cells are of interest, too, since the State may sometimes investigate crashes that occur in roads 
under county jurisdiction. 

8. Use of Crash Data by the Courts 
for Determining Law Violations and Civil Liability 

Overview 

Information about traffk crashes is frequently used in the courts in traffk, criminal and civil 
cases. While the adjudication of traffic law violation cases resulting from crashes is the most 
common of these, the criminal and civil cases can be much more serious. While the court’s role 
of special, case-specific reports prepared as part of a crash reconstruction has been examined, no 
study is known which has examined the role of data found on both the individual crash report 
and in crash data files. 

Many law enforcement agencies have a policy that generally requires officers to issue traffic law 
violation citations at almost all crashes. These citations are usually issued to the driver that the 
investigating offker considers to be “at fault” in the collision, and the citation is usually for a 
traffic violation suchas disobeying a trafYfk control device, driving too fast, or failing to yield. 

When these cases come to court, if the cited driver chooses to contest the citation, the citing 
officer will often use the crash report as a basis for his/her testimony regarding the violation. 
The admissibility of the use of the crash report by the officer depends on court practice and how 
the report is prepared. For example, a report prepared at the crash scene by the officer can 
probably be used by the officer as “notes prepared contemporaneously” by the officer. On the 
other hand, if the officer made only field’notes at the scene and later prepared a final report, the 
court may prohibit use of the crash report on the witness stand, and the officer would have use 
only of the field notes. 
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In criminal cases (e.g., a crash situation where a driver is charged with a traffic-related felony 
such as aggravated DUI where an impaired driver seriously injured another person), the use of 
the original crash report can be even more critical. Again, if it was prepared contemporaneously 
at the scene, a testifying officer can use the report on the stand as a tool for refreshing his/her 
memory. The accuracy of the report, and statements copied at the scene can make a critical 
difference as to the successful prosecution of the case. While additional testimony from crash 
reconstruction& will probably also be made, that testimony will be based on the results of the 
reconstruction. In those cases, the expert will probably not be permitted to refer to any reports. 
However, the expert may well be presented with a copy of the original crash report while on the 
witness stand and asked to explain various aspects of that report. 

The scenario proposed here, however, is based on potential civil litigation. As for criminal cases, 
initial investigating officers will sometimes use their original crash report in testimony, Experts 
many also be asked to comment on the original crash report. This scenario is not concerned with 
the specific report of the crash that led to the litigation. Rather, the court will be asked to look at 
aggregate crash data to determine if a highway department permitted an unsafe condition to exist 
(and persist) which was a proximal cause to the injuries suffered by the plaintiff in the case. 

The aggregate data to be examined could come from an already existing data source such as the 
State central repository, the local police department, or State or local highway departments. .- 
Rather than relying on already existing data bases, however, it is likely that the attorneys for the 
plaintiff would subpoena all original crash reports for the location in question from either the 
State or the community in question, analyze those reports, and then construct their own data base 
or other aggregation of the information sought. In most cases, this information would be other 
crashes with characteristics similar to the case in question. 

For this scenario, we will assume a serious injury crash occurred where a motorist failed to 
negotiate a curve, left the roadway and struck a large tree. The issues in question could be 
warning signs (including advisory speeds) ahead of the curve, lighting in the area, and the 
geometry and surface of the roadway itself. 

‘. etalled Descrhtioq 

Objectives of this analysis. The objective of the analysis will be to learn the incidence’of other 
crashes involving drivers who failed to negotiate the curve in question and other particulars of 
those crashes. The goal of the attorneys for the plaintiff will be to show that there had been a 
sufficient number of crashes prior to the crash in question to alert the appropriate authorities that 
an unsafe condition existed and that they did nothing the eliminate the condition. The attorneys 
for the plaintiff will also want to look at roadway inventories to lean the specifics of the location, 
and also review various engineering warrants to learn what is recommended in terms of signing, 
lighting and geometries for such a location. 
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The key evidence, however, will be crash data showing that crashes were occurring at that 
location and that most were similar in nature and that the curve in the road was either inherently 
unsafe or there was insufficient warning prior to it. 

Intended end-user of the information. The initial end user of the data will be the attorneys for 
the plaintiff in the case. They will have commissioned the analysis to bolster their case. The 
ultimate end-user of the information will be the court. Whether the case is being decided by a 
judge or jury, it will be the trier of fact that makes the decision as to the adequacy of the data and 
whether it shows what it is intended to show. The person who identifies the selective traffic law 
enforcement locations and evaluates such programs is usually a manager of an agency’s traffic 
section, or a civilian employee of the agency’s research or planning units. 

Data sources to be used for this analysis. The primary data source will be the agency’s traffic 
’ crash report file. If it is maintained as it should be, reports will be either filed directly by 
location, or cross-referenced by location through either card or computer files. If the agency 
wants to adjust their locations based on exposure, traffic volume information will need to be 
obtained from appropriate city, county, or State traffic engineering offices. Depending on the 
sophistication of the agency’s data system, information on crash-related traffic law violations 
may be available in the electronic file, or the source documents (crash reports) will need to be 
manually reviewed for the information. : 

Analysis to be performed. This program calls for two analyses: the identification of selective 
traffic law enforcement locations (times and violations) and the assessment of the effectiveness 
of the selective traffic law enforcement efforts at each location in terms of reducing the number 
of crashes, and impact on crashes community or area wide. Site identification can be as simple 
as a crash count, or can be adjusted based on crash severity or exposure in terms of traffic vol- 
ume, Analyses of program effectiveness will include tests for significant reductions in crashes at 
the specific locations, or cumulatively across all locations. 

Information to be produced. The initial information to be produced is the listing of selective 
traffic law enforcement locations times and violations for dissemination to enforcement officers 
and their officers. Later information will be the basis of reports on the effectiveness of the 
program in terms of crash reduction. 
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