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FOREWORD

This technology sharing report documents the implementation activity of
computer based highway information systems by drawing upon the state of the
practice from nine State highway agencies.

A computer based highway information system (i.e., file Iinkage) has the
following three components.

1. A reference system that allows data contained in each file of the system
to be referenced to a common point.

2. A data collection system with all data files computerized and linked to
the reference system.

3. A system with an ability to manipulate the data files within the system
to develop desired analyses and appropriate reports.

Therefore, linked highway data files have a large potential benefit to State
highway agencies. File linkage can be used to provide accident rates for
various highway features, safety appurtenances, and roadway geometrics.
Through computer 1inked files, decision makers are able to examine various
roadway features and their accident relationships. Knowing these relation-

ships, the decision makers can then determine the appropriate highway
improvement. -

Copies of the report are available from the National Technical Information
Services, 5285 Port Royal Road, Springfield, Virginia (703) 487-4690.

R. J. Betsold
Director, Office of Implementation

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.

The contents of this report reflect the views of the contractor who is
responsible for the facts and the accuracy of the data presented herein. The
contents do not necessarily reflect the official policy of the Department of
Transportation. :

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

The United States Government does not endorse products or manufacturers.
Trade or manufacturers' names appear herein only because they are considered
essential to the object of this document.
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Chapter 1
Program Definitions

This'report describes a comprehensive
computerized highway information
system including;

o current uses and status

o applications

o organization and system devel-
opment

0 benefits and problems.

A computerized highway information
sytem is simply a computer-linked
system which can be used by many divi-
sions of a transportation agency to
obtain information to meet data report-
ing, analyses or other informational
needs. Historically data has most
often been kept in separate files by
each division and organized for their
individual needs, and was usually not
readily available to other sections.
In addition, data was unavailable to

all but the most expert of computer

analysts. This lack of integration

and access has caused redundancy in

data entry, excessive user efforts in
extracting the information, limited
flexibility of output, and produced
highly cost-inefficient operations.

In the late 1970's and early 1980's,
field equipment technology, planning
techniques, engineering methods and
maintenance management have evolved:
more complex problems and solutions
require more and different data and
more sophisticated analyses. At the
same time, limited funding and staff
cutbacks have reduced the manpower
available for data collection and
analysis. As a result, the situation
prompted State agencies to look to a
computerized highway system as an
answer to their data needs and analy-
Sis problems.

A computer linkage system allows ready
access to many individual data files
to create an efficient management
system which interfaces all data
files.

This is made possible by merging all
information data files into a common
shared data-base, or unified data-base.

The two characteristics of such a comp-
rehensive computerized highway informa-
tion system are:

o It is a completely automated
computer system, thereby
eliminating the need for pro-
longed hand calculations.

o There is a common referencing
system.

1.1 Completely Automated Computer
Based System

All elements of the file linkage
system should be automated. There
must be provisions for automated
access of files; that is, all files
must be a part of computerized data
base.

.The significance of a computer based

system is attributed to the ease of
access and of linking the individual
files, reducing duplication by having
one set of information used by many,
and an increased planning ability.
Large amounts of information can be
stored, easily retrieved and updated
through use of the computer. Computer
programs can be written to accomodate
a large number of data files and to
derive relationships between files.

The computer based information system
must contain a mechanism for timely
update or modification of the data
files. This is often accomplished by
including an edit capability, usually
with a quality control procedure.
This feature allows selective access
to data files for edit purposes.

1.2 Common Reference System

The capability of the computer system
to derive relationships between files
can only be accomplished when the
files have a common referencing system.
When data files are maintained sepa-



rately by different departments, the
data is usually referenced based on
the needs of the data gatherer.

Thus, each division of a transporta-
tion agency may have its own structure
for referencing information resulting
in @ mix of reference systems and
incompatibility among the data. Simply
put, one location may have five differ-
ent identifications, based upon which
referencing system is being used:

1. Milepoint - referencing by noting
the value of the nearest milepost
along a roadway. These delineators
are usually spaced at a distance of
one mile (1.6 km), but often at 1/10
or 1/20 of a mile (.16 or .8 km).

2. Reference Marker - referencing by
noting the identification number of a
post along the roadway. It is an arti-
ficial naming of points, not necessari-
ly having any quantitative relation-
ship to each other.

3. Link-Node - referencing of the:

distance (link) between two points
(nodes). Nodes are similar to
reference markers for they do not
necessarily have any quantitative
relationship to each other.

4. Coordinate - referencing through
identification of X and Y values on
artificial graph set atop a specific
roadway.

S. Paper Reference - referencing
through verbal identification of a
point.

Since technical data is rarely unique
to a single division in a transporta-
tion agency and therefore often obtain-
ed by several divisions, the data is
often duplicated uselessly, or may be
available but not recognized as such
due to different referencing.

To attain a unifiea data-base usable
by all divisions, the individual files
in the system must be indexed by a

common reference system. All records
in every file must contain a field
that can be directly related, or relat-
ed through an equ1valence file, to
records in other files. By using the
common reference system all elements

in every file can be compared and
related for analysis.

A number of states have found that the
roadway milepoint and the link-mode
reference systems best satisfy their
data llnklng needs. For example, the
bepartment of Transportation
(DOT) found the milepoint code most
feasible for their accident data
system. This involved assigning mile-
points to each node (point) along the
route. Milepoints for structures - 1
many intersections were scaled fi._a
maps.

On the other hand, Illinois found the
link-node system best for their Compre-
hensive Computerized Safety Recordkeep-
ing System (CCSRS). This referencing
system was made standard throughout
their Department of Transportation;
all other necessary files would have

to be interfaced with the link-node

system.

1.3 Capabilities

This section presents the two mc
important capabilities of an integrat-
ed file linkage system:

o File Linkage
O Report Generation

File Linkage

Having integrated linked highway data
allows a variety of analyses that make
use of different combinations cf data
necessary for decision-making purposes.
Figure 1 presents the typical data
files which campose the highway data-
base and are most frequently linked.
This linking capability is best demen-
strated by citing actual examples from
those States' which have linked inter-
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related data from different sections
and disciplines:

o YEAAsS, currentl’y ~Tinkihg'TAccident™
and - Geograpﬁlc ‘files” to  produce

reports for use in the analysis of

accidents as a function of weather,
pavement quality, and traffic
volume.

o Iowa is Iinking théir Accident ‘Data=
File ‘with Road/Structure files to’
generate reports on Accident
Location.

o Colorado currently uses links to
Accountmg, Accident and ‘Projects
files to develop the Annual HPMS
report.

o Kansas *lmks Aoc1dent~v and- Geomet-=~—gcal

rics files in “order -to - ‘generate -
various Statistical Analyses
Reports.

'u‘,z"-\"‘mu EEo

" comparison and

investment decisions. Regardless of
whether the organization 1is central-
ized or decentralized, the creation of
a unified data-base by file linkage
will enable retrieval of needed
information by users. Reports can be
quickly and easily generated for needs
of top level management for effective

decision-making purposes. For
example, reports ranking capital
projects enable decision-makers to

make wiser investments based on a
priority basis.

Technical Reports - All State transpor-
tation agencies are bound to report a
variety of data and statistics either
to other divisions within their agency
or to other regional and federal agen-
cies. There are three types of techni-
reports: data listing, data

statistical evalua-
tions.

Reportlng individual combined data

o_, . Idaho  merges ™ data “from’ “Rdé”dway - .ﬁ files is made easier through the inte-

1",‘,_;:Acc1dent and “Geometric  files’
order to produce a Statewide
Average Accident Report and Spot-
High Accident Location Report.
Fi1Tino1s i nks Aocident and.. Roadway
“files in order to produce numerous
descriptive and statistical reports
concerning the location of accidi-
dents and accident rates.

Report Generation

The information and analyses made
possible through the integrated file
linkage system are best utilized when
presented in an organized manner. It
is possible to program the system to
produce both technical and management
reports. In addition, many systems
contain a special report generating
function to enable creation of reports
on very specific subjects.

Management Reports - The process of
integrated decision-making 1is very
essential for making optimum highway

in

4

.grated data-base by enabling the user
to obtain desired files quickly for
specific projects or for standard data
reports.

The file linkage system also enables
users to write programs to produce
reports which interrelate data ele-
ments, and to acquire information
through a pre-programmed data compari-
son function. This pre-~programmed
output eliminates the task of manual
data integration required with indepen-
dent files.

Statistical reports usually involve
the testing of the gathered data for
accuracy. An example of an FHWA
Statistic report is the traffic and
truck data reports from the Traffic
Monitoring Guide.

Figure 2 presents an example of a road
segment accident report. The accident
data 1is listed for the specified
roadway segment, including accident




—

pact H 86-09-12 12121108
Ular DLPARIMINL UF IxANSPDRIAT)ON
> DivISION UF SAFETY T
| ACCIOENT SEGNENT NFPOAT
. ....II.I...l.l-..I.I.I......-......---..-.......-....ll.lll-...'il.'...I..I-..l.‘.'l..-.-l....ltlw-'-.-l..‘lt....‘..n.!l..' 1 )
BEPCAT SPECIFICATILNGY ACCIVENTS DATA BASELD On SPECIFICATICNS)
TOUYEY SCU0T AVERAGE DT 20162 LEnctio R
SECIN-NILEPOINTY  320.00 NURBER_ACCIDENTSS ) ACCIDENY RATES__ 0.0) .
EnD=-RILEPOINTE 3350.00 WURBER Fatal ACCIDENTS) 0 FATAL ACCIDENT RmATED 0.00
LI{AL I & T™T7HW 17 B9 WUNBER OF FATALTITES T [ FATALLIIY RATE 0.00 -
EnD DATRS 32 7 D1 7 0%

SECIN TIPEY

PR

T

i

TITYT

-

I

TR YIRET 2400
—
00000 SURMARY [NFORMATION 800000
SLARARY OF CCLLISION=TYPE SURRARY UF RUAD-CONDITIONS SURRARY OF ACCIDENT-TYPE
R tC(iTon 0 oF SUKFACE N0 OF ACCIDENT %0 OF -

1v0¢€ ACCIOENTS 1vPt ACCIDENTS CONDITIONS ACCIDENTS YRR ACCloEnts
(-] [ 14 0 LRy [ Ry-PEDSTRIAN v
-2 ° 19 [} [13] ] Av=-AvY 2
c) [ 16 0 nuLoY 9 nY-TRAIN 1 o
1-4] L4 134 [] LT 0 ny-BiCYCLE 0
(3] 0 10 0 Icr (] Av-uiLD ANIPAL ]
ce 1 19 ] UNRNUWN [] MY~DORESY)IC ANIRAL ]
T 1) 20 0 Pe-Flath OBJECT [N
(1] 1 21 [ RYy-OT1HEA OBJELT [}
(1] [ 2 [} OvERTuRNEL 1IN RDAD [
14 L] 24} ] Rin DéF ROaD 0 -
11 [} H) 0 RAN DF RDAD-RICHY 0
12 [ 2% 0 RAN OFF ROAD-LEHT 0
1Y [ P43 1

Figure 2

Sample of Technical Report.




number and type, rates,

roadway
conditions and collision type.

1.4 Data Maintenance

Once the unified database is complet-
ed, the data must be reviewed and up-
dated periodically. A computerized
system provides automated maintenance
of the files. That is, the files are
easy to access for update and archival
purposes. Because a number of divi-
sions often collect the same data, the
task of archiving and updating each
data element must be assigned to a
single division within the transporta-
tion agency. This promotes the effi-
cient use of staff. Only one user
collects the data element, while a
numper of users are able to access and
utilize it. The responsiblity of
updating particular data elements by
only one division ensures that the
information 1is kept up-to-date and
accurate.

The design of the edit function incor-
porates a quality control technique to
restrict access for modification data“
only to certain user. Although all
divisions have access for viewing and
report generating capabilities,
restrictions are placed on access for
revision. Passwords are often requir-
ed to access the system and screens
are designed for specific users.

The archiving function 1is usually
appropriated to the collectors of new
data. O0ld data is filed away, but if
the need arises the data can be temp-
orarily reloaded. As part of the
archiving process, some summary statis-
tics are left on-line for the detailed
data being archived. These summary
statistics are loaded onto a summary
file. '

1.5. Description of Existing File
Linkage Systems

A meeting of file linkage system users
was held in Salt Lake City, Utah,
September 23 to 24, 1986. Presenta-

tions were made of the status of these
programs by the following states:

New York
Idaho
Kansas
Colorado
Washington
Kentucky

_Towa
Illinois
Alaska
Utah

000000000

In general, these systems consist of a
data-base management function which
links data from several files, a
report function which produces descrip
tion reports and tables, and a statis-
tical function which yields compari-
tive statistics. In many cases, more
than one function is performed by a
single module or program. The follow-
ing will be a brief description of
the programs of those states with
active File Linkage programs.

Utah uses ADABAS for the data-base

management function and NATURAL, a
fourth generation programming
language, to generate programs that
link files and produce technical and
management reports. Utah also has
developed a menu-driven program which
allows a user to dynamically create
NATURAL programs that will produce
customized reports. Utah uses SAS for
statistical reports.

Iowa's file-linkage system ALAS until
recently consisted of a program writ-
ten in OCOBOL to link files and a
series of SAS programs used for report
generation and statistics. Recently,
FOCUS report generating programs have
been implemented in order to increase
ease and flexibility.

Washington is contracting a consultant
to write a system called TRIPS in the
COBOL programming language to main-
tain, link and create reports from
their files. By the time TRIPS is 1In




place, users will also have the capabi-
lity of generating ad-hoc speciality
programs using SUPERNATURAL or other
fourth generation languages.

Alaska's system HAS will use ADABAS
for data-base management with NATURAL
to link files and generate reports. A
user—-friendly front-end was developed
to expedite batch processing and rout-
ing of reports. Statistical Analysis
will be done with SAS.

Colorado developed a system called
CORIS which uses ADABAS for data-base
management and NATURAL as the program-—
ming language for linking files and
generating reports. All information
in CORIS can be transferred to IBM-PC
equipment. The data is in d-BASE III
PLUS format that allows access similar
to the NATURAL language on the main-
frame.

Kansas has developed the SAGE system
which uses ROSCOE, a proprietary on-—
line program maintenace and develop-
ment system which includes an inter-
active programming language called the
Roscoe Programming Facility (RPF).
SAS is used for Statistical Analysis.

Idaho's system is tape-based. This
means that the files are sequential
tape files and that data elements from
one file are merged to another file.
Once all the information is assembled
in this manner, SAS is used to produce
reports and for Statistical Analysis.

Illinois' system was developed using
the procedural programming languages
FORTRAN and QOBOL to maintain and link
data and format reports. Provision
will also be made to allow more detail-

ed reports to be proposed using SAS or
SPSS

Chapter 2
Program Description

This section describes the organiza-
tional structure required to support a

highway linkage program and the steps
required to achieve implementation.

A review of a number of State Depart-
ment of Transportation reports on
their involvement and development of
file linkage systems, as presented at
the FHWA Data Management Forum at Salt
Lake City found that the organization,
structure, database and system
development 1is relatively similiar.
Differences primarily resulted from
the size of the transportation agency
and the degree of detail required for
their file linkage program. There-
fore, this section represents a
"generic" example of organization
structure and steps needed to develop
a computerized - highway linkage
program.

2.1 Organizational Structure

Figure 3 presents a general project
organization structure which ensures
that:

o top level management of the a-
gency is involved in program.

o general direction is given to
technical staff.

o all necessary data elements are

included.

data is filed in usable form.

needs of all divisions are met.

project is completed within the

estimated budget and schedule.

00O

Executive Committee

This top level management committee
provides perspective to the highway
program, and emphasizes the management
support that is necessary for the
success of the progam. It is responsi-
ble for the overall direction of the
program and ensures that program
actions affecting policy are reviewed
and approved prior to implementation.
This committee generally consists of
the Department of Transportation direc-
tor, assistant director, comptroller,
engineers for planning and development

7
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Project Management
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Figure 3

Typical Project Organization..
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and the manager of
Systems.

Information

Steering Committee

The function of this committee is to
provide input to assure that the pro-
gram is responsive to user needs
throughout the transportation agency,
and not just to the people responsible
for data collection and maintenance.

They represent the consumers of the
data by providing direction to the
project staff and recommending actions
to the Executive Commitee. Members
of the Steering Committee include
representatives of the local FHWA Divi-
sion Office, various division managers
(i.e. design, management services,
maintenance, program development) and
data processors.

Coordinating Committee

The Coordinating Committee is responsi-
ble for overall project control. It
monitors progress and develops sched-
ules and detailed work tasks to keep
the project on track. This includes
identifying problems and implementing
solutions. Often only a project mana-
ger is chosen for this function. If
the State transportation agency
decides to hire a consultant to help
evaluate the existing situation and
prepare the project program, the
project manager then manages and
directs the consultant's progress and
ensures that the needs of the agency
are fulfilled. The process involved
in deciding whether or not to employ
the services of a consultant is
decribed in section 2.2, System
Development.

Technical Committee

The Technical Committee represents
the system users. It has the respon-
sibility for collection and mainten-
ance of the date elements which
comprise the program and acts as the
program's technical sounding board.
Members of this committee include

the data gatherers from each divi-
sion and data processors.

2.2 System Development

Figure 4 presents an overview of
procedures involved in basic system
development. The procedure involves
a number of steps, from project
initiation to program evaluation,
whose action results are related.
Each step necessary for development
of a usable highway information
system 1s described below.

I - Study

In this phase the existing system
and database is reviewed. Needs,
objectives and desires are defined
through the interaction among the
many divisions in the transportation
agency. It is essentially a feasibi-
lity study to determine whether or
not a computerized highway informa-

tion system should be developed,

how, and what its benefits and costs
might be.

The first step in this phase is to
determine who will do the planning
of the information sytems. A number
of States have found that their
transportation agency did not have
the resources necessary to undertake
a project of this magnitude and
required analysis help from outside
the agency. Both Washington and New
York found that they did not have
the available staff to accomplish
what was needed, and therefore
prepared a Request for Proposal
(RFP) that asked consultants to
evaluate and prepare designs. The
transportation agency's RFP general-
ly asks for assistance in the follow-
ing areas:

o Systems analysis of existing
systems, and recommendations
for a new system to meet
projected needs.

o Design, development, imple-
mentation, and testing and
training of the recommended
data base.
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Typical System Development Methodology.

10




O Extension of the system to pro-

vide graphics access.

However, a number of states have found
that they do not require the services
of a consultant. The Iowa Office of
Transportation Research, for example,
found that they had the required analy-
sis capabilities in-house, and there-
fore had no need for a consultant.

Regardless of whether the file linkage
is developed in-house or with the
assistance of a consultant, objectives
of the program must be defined prior
to program development. A list of
common objectives are:

o Evaluate the effectiveness of
existing operations within the
agency's goals and objectives.

O Propose procedures to increase
the efficiency of existing
systems.

0 Develop guidelines for the ef-
fective purchase of equipment.

o Standardize annual file main-
tenance.

o Develop cross referenced files
to enable inquiry versatility.

o Implement a user friendly re-

port generating system.

The second step in the study phase is
to review the existing independent
files of each division in the agency.
This involves a number of tasks
including the following: :

o a review of the existing files
to determine what information
is being gathered, by whom and
to what degree of detail.

o0 an evaluation of the existing

staffing situation for degree
of efficiency, appropriate
division of labor, and the need
for additional skills. An
integral part of this task is
to also evaluate the existing
spending on staff and any

1l

needed technical services.

a review of the existing manu-
al and computerized techniques
used for data interpretation.
The existing computer software
and hardware should be evalu-
ated and their application to
the comprehensive highway
information system determined.

The final and most important step in
the Study Phase is to determine what
is desired from the program. This
requires the identification of the
transportation agency's needs, priori-
ties, the file inventory, useful data
elements, common referencing system
and what software and hardware systems
would be appropriate.

Each of the aforementioned items are
described below:

Needs - the changing nature of the
transportation information activities
from manual to increasingly more
complex computerized data processing
has prompted many States to look to an
integrated highway system as a solu-
tion to their data problems. The
activities of each division, there-
fore, must be reviewed and a determina-
tion made as to the possibility of
performing these required activities
through the computerized system.

Priorities - As all division functions
may not be integrated into the informa-
tion sytem, a hierarchy of required
activities must be established. The
most essential programs required for
effective decision-making should have
priority. Top level management must
ensure that activities chosen for inte-
gration into the computerized data-
base do not displace more important
functions.

File Inventory - Figure 1 presented a
typical system of files in a data base.
This structure is generally similar
among different States although the
degree of detailed data in each file



varies. Typical file inventories
include: roadway data, traffic data,
accident data, physical conditions and
structural data. State patrol and
safety data may or may not be included
in the data base depending on the
program's objectives.

Data Elements - During the system
study, data elements of each file must
be specified. 1In Alaska a consensus
session technique was used to select
desired data elements. Data elements
are the actual pieces of information
required for the file. For example,
the Roadway Data file would include
the following data elements: roadway
width, roadway pavement type, grade
and alignment. Each element has a
name, format, range of values, audits,
owner and source. Figure 5 presents a
sample data element sheet for Washing-
ton State's Roadway Data File. The
entire file consists of five such
sheets which list each data element
alphabetically.

Data elements and their respective

collectors are often chosen on the
principle of the lowest common denomi-
nator. For example, when describing
roadway width, different users collect
data to their required degree of
detail -- lanes, measurement to the
foot, and measurement to the inch.
However when selecting the data
element the division requiring the
greatest detail -- measurement to the
inch would be chosen. This
eliminates duplication of data and
ensures that the data collected is
usable by all users.

Some data elements are actually a code
rather than an actual measurement. In
this case, both the set of codes and
the corresponding code narrative is
specified as part of each data defini-
tion. This information resides in a
code table which allows on-line code
changes without having to change any
software.

. purposes,

Common referencing system - a common
referencing system must be chosen for
the computer system to derive relation-
ships between the files. After review
of the existing referencing system of
each file a common system as described
in section 1.2 must be chosen. A
sample milepoint reference system is
illustrated in figure 6. A map show-
ing the milepoints was attached to the
referenced index to help a user identi-
fy specific points along the route.

II. Design

The actual design of the desired high-
way information system is accomplishe

in this phase. This includes structur

ing the file inventory within the
framework of the system program used,
as well as creating the desired links
(file interactions) between the files.

During this phase specific features
such as formats for report-generating
special screens for data
access and the creation of a selective
access for edit purposes are designed.

Specific programs and languages used

were descibed in Chapter 1.

III. Program

In this phase the concepts of the
program design are turned into the
language of the computer. The various
information management systems as
described in Chapter 1, section 5 are
used to produce a unified data base
and a number of different file linkage
programs. During this phase the
program committee tests and analyzes
the system to ensure that user needs
are being met.

Iv. Implementation - This step
involves the input and integration of
the data files. The users of the
program are actively accessing the
files to enter, update, edit and mani-
pulate the data, and produce reports.
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loute Reference B89 [ Locatlon Sanpete County Line North to Utah County Tlne

County Number ~[DIst.&Malnt.Sta.No |F.A.SysteméNo. | Functlonal Class {Route LengthllLanes T TRevised
Sanpete 039 | 3 3337334 |FAP-22/FAP-40 | Prin. Arterfal/Minor Arterfal | 415.84 I 2 | Nov. 1978
Photo Log Index Reel 5of 5 M.P, 204,99 to 199.79 Reel & o5 "M.P. 219 99 to 205.01
R TR\, R E LR NG
' \2 A - ’ AN BN e // ~
_ ) \ - v o’ / ,)‘ N

|_R
|
|
|
|
{ -
I,
-
{
[
R
|
|
|
[
|
|
|
|
|
I
|
IP
|
|
|
|
|
|
|
|
|
|
|
|
|
(
:
| =Clty Road Crossing 200 South
|

)

oF6 Toq . 1573 - :
Reference | Struct. | . IReference T Struct. |
Point | No. | Reference Point Location | Point | No. | Reference Point Location
135,79 1 [Sevier-Sanpete County Line I 206.27T T “JCTty Road CrossIng Center Street
200.58 | |dct. SR-256 Left to Redmond | 206.53 | ICity Road Crossing 200 North
| | Maint. changes to #328 | 206.80 | ICity Road Crossing 400 North
201.34 | ILocal Road Crossing | 207.50 | |Centerfield North Limits and
201.86 | ILocal Road Crossing | | | Gunnison South Limits
202.34 | |Road Left I 207.13 | ICity Street Left
202.60 | IRoad Right | 207.32 | ldct. SR-137 Right - 6th South Street
203.36 | |Road Right | | | Left
204.09 | |Road Right | 207.68 |0D-688 |Sanpitch River Bridge
204.46 | |Road Right | 207.93 | ICity Street Right 300 South
204.73 | IRoad Left | 208.03 | |Center Street Crossing
205.24 | IRoad Crossing | 208.13 | ICity Street Crossing 100 North
205.61 | |Centerfield South Limits | 208.24 | ICity Street Crossing 200 North
205.75 | ICity Road Crossing 400 South | 208.57 | {dct. SR-28 (Funct. changes to Minor
206.01 : l| : | Arterial) (FAP Changes to FAP-40)
I ! |

- Figure 6
Sample Reference System Sheet.




V. Evaluation - After implementation,
a review of the program is essential
to identify any problems as to techni-
cal processes or program shortfalls.
Cost savings are also evaluated in
this phase. Chapter 3 describes a
variety of cost benefits of implementa-
tion.

Chapter 3
Program Benefits and

Implementation Issues

This chapter presents a summary of
economic and qualitative benefits and
institutional issues that may arise
from implementation of the computeriz-
ed highway information systems. As
each highway information system varies
from state to state, the issues and
benefits will also vary.

3.1 Program Benefits

A. Economic Benefits - In general,
economic benefits fall into three cate-
gories: savings in labor, wiser invest-
ments and cost benefits.

Savings in Labor - With file linkage,
reduced labor hours accrue from the
savings in time expended to access and
pull together disparate information,
and the elimination of duplicate data
gathering. For example, the
Washington State Department of
Transportation found that by
eliminating redundant activities and
automating manual tasks they would
save the labor of ten full time
employees. This resulted in
substantial salary savings, and second
order labor savings included fringe
and overhead benefits.

Wiser Investments - One of the great-
est benefits from the program is the
ability to make wiser investments of
taxpayer's dollars. Setting priori-
ties for combining individual projects
into a statewide program requires con-
sideration of many more factors than
the "professional judgement"” often
used in small geographic areas, and

file linkage provides access to a more-
comprehensive data base and greater

ability to use the data for analytical

studies. A fully integrated data base
can support a process that could rank

capital projects on a statewide basis,

allowing the more complex decision

making than would be required for

individual projects.

Cost Benefits - Although the costs of
creating a unified linked database are
not trivial ($350,000 to several
million dollars for an operating
system), the dolar savings within data
collection, input, storage and
retrieval are recovered after a number
of years. Washington and Colorado
provide concrete examples of cost
savings.

The Washington TRIPS (Transportation
Information and Planning Support)
System's development cost of
approximately $3 million is expected
to be recovered in seven years. This
is based on a saving of 10 full-time
equivalent employees, eliminating
redundant data and activities, and
automating manual tasks. Other
agencies within Washington are so
impressed with the TRIPS system that
additional links between files and
TRIPS are being done. Additional cost
benefits are expected to result.

Although, the Colorado Department of
Highways has encountered some problems
in the creation of the OORIS (Colorado
Roadway Information System) Database
and in file linkage programs, they
believe that the benefits far exceed
the problems. For example, the
Highway Performance Monitoring System
(HPMS) submittal has shown great
improvements. Total time to produce
the submittal decreased and computer
charges were reduced by approximately
$120,000, and the reliability of the
data was significantly increased.

B. Qualitative Benefits

Qualitative benefits primarily result




from the improvements in access to
data and in the quality of analysis.
Examples of such benefits are:

Improved information quality.

o

0 Increased support for planning
and managing through accurate,
current information.

0 Better system flexibility to
efficiently service special
information requests.

0 Reduced response time required
to correlate data for user
requests.

0 Greater system responsiveness

to changing user requirements.

Other qualitative benefits include a
substantial increase in the magnitude
of cooperation between various groups
within the Transportation agency, thus
leaping over some of the institutional
difficulties associated with the agen-
cy's organization. The need to
operate as a team in the development
of the program, and actual conduct of
the work, will likely yield substan-

tial downstream benefits to the parti--

cipating parties as they begin to work
together on various institutional and
turf-related problems.

3.2 Institutional Issues

Achieving a file linkage system
requires the cooperation of many
departments and individuals, and to
varying degrees, a loss of autonomy
over departmental files and systems.
Thus, overcoming institutional issues
ensures cooperation 1s as vital a step
as overcoming technical issues such as
software selection, et. al.

Proprietorship

'The process of creating a unified data
base to be used by many divisions with-
in a transportation agency creates a
number of problems relating to the
control of information. As files are
reviewed in the study phase of program
development and duplicate collection
of data eliminated, the collectors and

owers of the "discarded" files lose
their control of the data. The prima-
ry problem arises upon selection of
one division to collect the data. As
all collectors regard their task as
integral to their work progress, a
conflict results. This is often
resolved through careful review of the
data elements to determine which
division collects the data to the
greatest detail. A consensus session
of the divisions involved during the
project definition/design phase where
the needed data elements are selected
and where the needs of each division
are defined, would help solve the
proprietorship problem.

Responsibility/Access for Editing

The issue of who is responsible for
maintenance of the data is often
resolved by assigning this task to the
collector of information. Access to
the data for edit and update purposes

-should be selective, and ideally only
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the data collectors should be allowed
such access. The Colorado Department
of Highways has designed their CORIS
program to require passwords in order
to access the systems, and screens are
designed for specific users. This
system allows for information to be
available to many users, but limits
access for edit.

Credibility/Receptivity

Another institutional issue that
arises from delegation of data collec-
tion to one user for use by many is
the validity of the data presented in
the unified database. The collection
of data by one user increases the
credibility and receptivity of the
information provided because users now
have knowledge of the source of the
information. Questions and additional
information on specific data can be
addressed through contact with the
appropriate collector.

The credibility of the information is
essential and must be accomplished




through the program itself. During
the data element selection process
the- appropriate division must be
chosen to collect the information.
The collection of the data element
must be as essential to their internal
activities as it is to other users.
The design of a good collection
program further inceases chances for
proper data collection and file main-
tenance. In addition, the creation of
a technical committee to continually
monitor data collection and review
data for input is a necessary part of
maintaining a computerized information
system.

SUMMARY

This report presents an overview of
where the computerized highway informa-
tion system is now and its status as a
planning and programming tool for
state highway agencies. The consensus
of States already participating in the
program is that the difficulties in
preparing for program implementation
are miniscule compared to the
program's benefits.

The following summary from the State
of Washington presents an outlook on
the computerized highway information
system representative of other States
participating in the program.

"In conclusion, we're excited about
the initial successes that TRIPS has
achieved. Wherever we have taken
preliminary reports or processes to
the districts, other divisions or agen-
cies, the responses have been over-
whelmingly supportive. The audiences
are particularly appreciative of the
fact that now they will have up-to-
date information available directly to
them on line and that the system will
be more responsive to their needs.
Other sections of the Department, such
as the Bridge Section, are so
impressed with TRIPS that they are
already at work completing the links
between their files and TRIPS. In the
CADD/CAM area, a pilot project is
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underway to directly plot on maps
information from the TRIPS files.

From these early successes it is
apparent that TRIPS will give WSDOT a
leading edge file linkage system
capable of growing with the State's
information needs."
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FILE LINKAGE FOR

COMPREHENSIVE HIGHWAY SAFETY

A DATA MANAGEMENT

FORUM

Salt Lake City, Utah

September 23-24, 1986



INTRODUCTION

In response to FHWA contract OTFH 61-86-C-00030 and in an effort to review
the current State-0f-The-Art of file linkage within the U.S., a File
Linkage Forum was held in Salt Lake City, Utah on September 23-24, 1986.
Interested and involved states were invited to provide presentations of
their indivigual involvement and development.

Participant states and representatives were as follows:

New York.........David Hartgen
Idaho............ Dave Amick
Kansas........... Verne walrafen
Colorado......... Bruce Kinney
washington....... Cal Smith
Kentucky.........Mohammed Taqui
Iowaj.......... ..John Nervi
Illinois......... John Blair
Rlaska...... .+...Leo Lutchansky
Utah......... ....Host State

Adoitional representatives from FHWA, consultants and non-participating
interested states were:

FHWA
wasnington Offices
Jim willhite
Dave McElhaney
Peter Hatzi

Region 8
Ray Griffith

Utan Division
Jim Bigdiscombe

Consultants
Tom Duffy - Urbitran
Ron Pfefer - Northwestern Traffic Institute
Frank Cahoon - Price Waterhouse

States
Hal Goss - Nevada DOT
John whitaker - Nevada DOT




The forum was conducted in two pDasic sessions: First, state presentations
“of current development and future plans (with open discussion, question

and answers) and second, an exploratory query into the following
conaitions of file linkage development:

Problem areas - present and future.
Rppropriate and probaple applications.
Conceptualization justification.

The following report attempts a recapitulation of the
discussions. It is conceded at the outset,

material, the diversity of development and the
render this presentation as perspective limited.

session's
that the enormity of ne

ampiguity of the subject



SESSIONS ONE

States Presentations

The following agenda includes the states and presentors:

New YOIK..ieeeeoaooanns David Hartgen
Idah0..eeeeenennanns ....Dave Amick
Kansas..... ceesseessss.VErne walrafen
Colorado........ .+ . e...8rUCE Kinney
wWasnington....eeeeeenes Cal Smith
KeNtUCKY.eeeeaeesssss..MONammed Taqui
Iowas.......... «eee....dohn Nervig
I11inois.ceveuass .. «s..John Blair
Utahoeeeernenanns «.....Art Geurts

John Morris -

Kent Nielsen - UDQOT Demonstration
Alaska@...cceceeeeesss..L0 Lutchansky

Copies of the presentation papers are included.

The primary aobjective of this session was to review and reflect the
current state-of-art of file linkage developments. As an initial effort
the forum perhaps created more questions than answers nevertheless
presentors did develop a definite trend and/or mosaic of development. The
initial reaction of almost all participants was the realization that most
development had taken place within inadividual state's constraints as
opposed to comprehensive guidance.

Tne broad spectrum of presentations indicated file linkage development
that spanned from initiation for problem solution to comprehensive
planning and development. Almost all reflected a relatively recent entry
into the file linkage capability for Highway Information Data Management.
Questions and answers conveyed a sense of concept exchange and broadening
of perceived potential. Even though the purpose of the forum was to
explore file linkage usage in the field of highway safety, it was the
almost unanamous consensus of the group that file linkage, as a management
tool, hagd far more comprehensive potential and that highway highway safety
was a principal user but discussion could not be confined to safety only.
It was also concluded by the group that even though the potential of file
linkage was limited only by the individual imaginative use, the pardox lay
in the limitation of capability by other intervening factors. These are
rehearsed in Session Two- Uses, Problems, & Concept.

A final consensus of the participants was that the information exchange
was so beneficial that the recommendation was made that other forums
should be sponsored both for idea exchange and for standardization
development. The latter eluded to. the concept that if file linkage is

appropriate intra-state, perhaps it might be Jjust as appropriate
inter-state. ,




SESSION TWO

Concept, Proolems & Applications

A secongary objective of the forum was to guery the active states as to
their perception of proolem (encountered and anticipated) and the
realistic applications of file linkage. This dialogue represented the
second session of the forum with each state offered the opportunity of
exclusive input plus group discussion involvement. Tables 1-3 highlight
the areas identified, without benefit of elaboration. It is outsige the
scope of the summary to detail each oobservation, however, collectively the
observations broaden the scope of file linkage far beyond that of
singularly producing additional useful data.

An example of the complexity beyond the simple production of file
interyrated oata is the requirement of effective data presentation and
user capabilities. The very capability of vast volumes of data requires
hignly skilled abilities to make effective use of the information both oy
the user and the producer. Another constraint recognizes by the group is
the receptivity of the user as -the produced information deviates from
prior conceptions of the user. Clearly the question of credibility will
become an increasing issue. Also coupied with the issue of credibility is
the ability of the producer to make correct inferences or conclusions of
the data. Such a reguirement is quite extant from the ability to simply -
produce the fundamental data. Consistency and changing trends also cloud
the intergrity question.

Perception of the buss word - file linkage as a panacea for management
decision making also was a major concern of the group. Practical
application of file 1linkage has not yet reached a high state of
professionalism recognizing the limitations as well as the potential. It
was suggested that at this stage of development perhaps most perceptions
were rose-colored or non-existant. The other end of the continum remains
to be examined.

while discussion was plentiful and opinions freely given, almost all
expressed and optimistic wait and see and learn posture. The desire to
continue adgditional forums ran high.



Problem Areas

More people need more training in analysis using available data (4)=
Better identification of potential users. (3)

Should pe broadened from exclusive safety applications. (2)

Data quality control (1)

User familiarity with data (what do they really mean?) (1)

Ability of people to accept/adapt to technological development.

Confidence in system

Flexibility/adaptability of system

Control vs. service - the right balance

Standardized geographic references

Definitions

File linkage is a tool - not a product

Too narrow of organization view — Cross agency applications

Should be management-driven not user-driven

*( ) indicate number of additional states approbation

Table 1




Applications

Graphics (5)

Mapping (3).-

Oistrict viewpoint (2)

Fiscal, project, and budget (2)
Engineering (1)

Pavement management (1)
Maintenance management (1)

Flexibility and adaptability I.E. intersection analysis, correlation
of design features

Better indentification of problem locations
Historical tracking

Priority programming

Federal reporting

Bridge management

Evaluations

Most all reports and analysis

Reduce redundancy - data collection and report
Support design

Risk Management/liability»

Research

Multi-level reporting

Table 2




Concepts

Good pusiness

Data element approéch - simplified

Institutional issues to be addressed

Network issues

Don't link just for link's sake - have a reason or don't do it
Application simplicity (KISS)

Flexible approach

Georeferencing

Learning from experience

Information is Oynamic

Should be readily coupled with collection methods
Oriven by user decision needs

Must be flexlble and adaptable in analysis mode and data base system
integration

Should have local government participation if possible demographic links
Private sector methodology (w1ll it show a prof1t°)

Multl-level reportlng

Taole 3
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U.S. DEPARTMENT OF TRANSPORTATION

Use this form in lieu of transmittal slips within Dept.

of Trans. when

(Rev. 11-67) FEDERAL HIGHWAY ADMINISTRATION message comment is o be retained as file materiol. Do not prepare
MINUTE - MEMO - carbons. Not to be used in lieu of Form FHWA-121 for informal corre-
- _ spondence.
SUBJECT
2 DAY PILOT WORKSHOP--FILE LINKAGE
TO MESSAGE/COMMENT FROM/DATE

Mr. Peter Hatzi, Implementation Division, called
regarding the subject workshop and offering it to
Region 7 at no costs. The workshop would be on linking
files such as accidents, HPMS, roadway inventory and
other files. Utah did the work to develop this
technique and is based on 5 case studies.

The workshop would be available in late March through
early May and could be done just for one state if
requested and as long as maintenance, traffic, safety,
and planning departments at the state were in
attendance. Mr. Hatzi will send us an agenda and a
short report. It is a 16 hour workshop.
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