Evaluating the Applicability
of Analytical Decision Support
Tools for the Connecticut
Department of Transportation

Final Report
August 1994

JHR 94-231 Project 93-2

Principal Investigators:

Dr. Gerard M. Campbell
Assistant Professor of Operations Management
School of Business Administration

Dr. Christian F. Davis
Professor of Civil Engineering
School of Engineering

This research was sponsored by the Joint Highway Research
Advisory Council (JHRAC) of the University of Connecticut and the
Connecticut Department of Transportation and was carried out in the
Civil Engineering Department of the University of Connecticut.

The contents of this report reflect the views of the authors,
who are responsible for the facts and accuracy of the data
presented herein. The contents do not necessarily reflect the
official views or policies of the University of Connecticut or the
Connecticut Department of Transportation. This report does not
constitute a standard, specification, or regulation.



=
. Reco Ne. 2. Govermment Accasscn Na.

94-231

Tarhe
vechonical Reper Cocumantatiern Faica

1. Fecipwnls Caticg Ne

. Tite and Sukzte . ‘
Evaluating the Rpplicability

of Analytical Decision Support
Tools for the Connecticut
Department of Transportation

-

. rapon Cate

August 17, 1994

. Fadcmung Crganizatcn Cacs

(559

. Authords)
Gerard M. Campbell and Christian F. Davis

w

Perermung Crgainizaden Recen Ne,

94-231

. Perfomming Crganizadon Nama and Addracs

The University of Conmecticut
Department of Civil Engineering
191 Auditorium Road, U-37TI
Storrs, CT 02629

10, Wark Unit Na. (TRAIS)

| I

11, Ceazazicr Grant Na.

|

12. Sponswing Agency Name and Addass

Connecticut Department of Transportation
280 West Street
Rocky Hill, CT 06067-0207

13. Typa of Repcrt and Fered Coversd

Final Report
L

14. Spensaring Acency Ceda

15. Suggplemena@ry Nass

18, Absrac

In response to an area of need expressed by ConnDOT’s
Commissioner, this project has endeavored to identify
decision support tools that would have a high probability of
being useful within ConnDOT. The project began with a
broad-based review of decision support systems, and then
focused on cone category of these systems -- that dealing
with alternative evaluation and decision analysis. Multi-
criteria decision making (MCDM) and decision and risk
analysis (D&RA) are the two techniques within that category
that appear to be most appropriate for ConnDOT. In addition
to summarizing the findings regarding the various decision
support technigques, this report includes a description of
five stages of interactions between the principal
investigators and ConnDOT personnel. These interactions
have had a strong effect on the direction the project has

taken. As of the writing of this report, work continues on
a follow-on project involving the application of MCDM to the
problem of choosing amongst pavement marking alternatives.
The follow-on project also calls for identification of other
potential applications of MCDM and D&RA within ConnDOT.

Decision Support Systems;
Multi-Criteria Decision Making;
Decision and Risk Analysis.

17. Kay Werds 18. Disributon Salmant

No Restrictions

18. Secunty Classit, (of ®uis reccr)

20. Secunty Classil, (of this page) 21. No.gtFPagas }i:
39

Unclassified Unclassified §

Form DOT F 170C.7 (8-72)

Fegpreductionolcocmplated pageautherized
il



ACKNOWLEDGEMENTS

The authors acknowledge, with thanks, the considerable
assistance given by personnel of the Connecticut Department
of Transportation during the course of this study.
Particular thanks are due Dr. Charles E. Dougan and
Mr. James M. Sime for their inputs on the direction of the
project and for coordinating our interactions with other
ConnDOT personnel. Deputy Commissioners Gaston and Sullivan
each took special interest in the project at key stages of
its development. Commissioner Frankel is credited with
identifying the need for this project and for providing
high-level support as it was being conducted.

iii



JUSWIINSEIPN JO WI1SAS [BUONBWIDIU] 341 JO) toquis oyl st [S,

o) Lg o)
1418 (1 or _ ® ..w 0T or
T--. i e q“
00z - ol | 08 N o ainesadwan srmeradwa
e 986 43 d o) s Cel 6/(ze-Ds nayualyed do
Ho
(e%e) ULV Id VAL
siniesadwal siniesadwa)
de 1ayusIye e + 08’1 STI3D Do IN swesdedow L060 (a1 00OZ) Su01 LOYs L
I sweJ3op 294" spunod qi
Goexs) FAdNLYVUddAEL 3 sweld SEET s3ouno 0
L (a1 pogz) suol uwoys  ZoI'l sweidedow I SSYIN
al spunod 02T swreador 3y
z0 souno . S€00 swesd 3 -\ Ul uMOYS 3q [TEYS 7 000T UEYl 1012213 sownjoA ILON
SSVIA [ pagmd sanouw $9L°0 spaek o1qnd pk
[ pagno sanow 820°0 199) 21qQM B
Dk spiek a1qnd 80c°1 paqnd san9W (w 1 sanr] S8LE suoffed {ed
M 199] 21qnd S1€°SE paqnd sanou cu w soniIu LS6T ssouno ping 701
1ed suofed +97°0 sang 1
z0 | saouno piay $€0°0 SONIIMW w TN IOA
HWITTOA [ parenbs sanowo 652 sopiw 21enbs Juw
ey $312199Y SO0 sa1® Je
Jw  soqur azenbs 98¢0 parenbs sanowolry is | Ju pasenbs sanow 9¢80 spiek aienbs DA
o saDe Ly $212199Y ey L patenbs sonow  £60°0 199} 23enbs )
] 109) o1enbs $9L°01 patenbs sanoul [ [ww  parenbs sonsunnw $H9 sayout a1enbs LUl
[ur  soyour asenbs 910070 patenbs sonoumu L
Ydadyv
Ydadv
ut safiw 1290 S2119WOIY ury ury $3113WOopmy 19'1 So[jW u
[ spiek 60'1 sanau w w sanow $16°0 spiek pA
1J 199 8T'E sanow w w sanouw SO0 193] 1j
ul sayou] 6£0°0 sonoumu ww wrw sanaWIIW v°$T sayou ul
HIONA'] HIONA']
loquAs pui.i 0L Lg Adnjny M0UY NOL USUM [oquiks joquss . put] OL £g Aidniny MO NOX Uy [oquis

SLINN IS OL SNOISYFANOO ALVINIXOdddV

SLINA IS OL SNOISJHANOD HLVAIXOUddV

SHOIOVA NOISITANOD (OIILAN Emmoé «IS

iy




TABLE OF CONTENTS

Page
Title page i
Technical Report Documentation ii
Acknowledgements iii
Metric Conversion iv
Table of Contents v
List of Figures vi
Symbols and Definitions vii
I. Introduction 1
ITI. Review of Literature 2
Overview of Decision Support Systems 2
Data Management 3
Alternative Generation 4
Alternative Evaluation and Decision Analysis 5
Management Science / Operations Research Models 6
Artificial Intelligence 8
ITI. Tools for Alternative Evaluation
and Decision Analysis 8
Multi-Criteria Decision Making 8
Decision and Risk Analysis 11
IV. 1Interactions with ConnDOT 14
V. Conclusion 18
References Cited 19
Appendix A. Material Presented at ConnDOT
Managers’ Meeting A.

Appendix B. Proposal for Follow-on Project B.



Number

LIST OF FIGURES

Description

Basic components of a decision support system

Example of a decision tree based on
a hypothetical problem.

13



SYMBOLS AND DEFINITIONS

DM -- decision maker.

D&RA -- decision and risk analysis.

DSS -- decision support systemn.

MCDM -- multi-criteria decision making.
PIs -- principal investigators.

vii



I. INTRODUCTION

On August 28, 1992, a meeting was held between the
University of Connecticut’s President Hartley and other
University officials and ConnDOT’s Commissioner Frankel,

Deputy Commissioner Sullivan, and other ConnDOT
Administrators. The past, present, and future of the
Cooperative Research Program, celebrating its 30th
Anniversary, was the primary topic. At that meeting, four

areas of need were presented by Commissioner Frankel and
Deputy Commissioner Sullivan for consideration by researchers
at the University.

One of these needs, identified by Commissioner Frankel,
dealt with the decision-making environment for managers within
the Department. In the face of resource limits and
conflicting demands, major decisions are made Dbetween
"competing" transportation modes; "competing" projects within
each mode; and alternatives within projects and operational

areas. The Commissioner had observed that a variety of
decision-support tools were used in the private sector by
managers working in complex environments. While decision-

support techniques have resulted in significant benefits for
many organizations, 1t was unknown whether any would be
appropriate for use within ConnDOT. Subsequent to this
meeting, the principal investigators developed the proposal
for this project, which was designed to address the area of
need indicated above.

The approach taken at the beginning of this project was
to start with no preconceptions regarding the types of
decision support tools that would be most appropriate for
addressing ConnDOT’s needs. Specific techniques would be
looked at in-depth only after a wide variety of tools were
investigated. It was believed that this approcach would be the
best way of ensuring that entire categories of potentially
attractive tools would not be overloocked.

After a survey of decision support tools was performed,
the techniques that appeared to be most appropriate for
addressing ConnDOT’s needs could be focussed upon. To ensure
that a proper focus was being established, a high degree of
interaction between the principal investigators and ConnDOT
personnel has occurred over the course of the project. This
interaction has been an investment of time and effort that has
hopefully resulted in an increased probability of successful
adoption of the decision support tools identified as most
appropriate for ConnDOT.

The report is organized based on the way that work was
performed on the project. Section II presents a broad-based
review of decision support systems literature. Section III
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then provides an in-depth discussion of the two techniques
that were 1identified as most appropriate for addressing
ConnDOT’s needs. These two techniques are: 1) multi-criteria
decision making; and 2) decision and risk analysis. Section
IV describes the interactions that have occurred between the
principal investigators and ConnDOT personnel as part of this
project. These interactions are reported because they have
had a strong impact on the way the project has progressed.
Section V concludes the report with a summary of what has been
accomplished and how it has affected the direction being taken
on a follow-on project. The proposal for the follow-on
project 1s included as Appendix B. Appendix A summarizes
material that was presented by the principal investigators at
a ConnDOT all-managers’ meeting in November, 1993.

II. REVIEW OF LITERATURE

As stated in the introduction, this project began with a
broad-based review of decision support systems literature.
RBefore focusing on a particular set of tools to recommend for
use within ConnDOT, the principal investigators believed it
was important to learn as much as possible about all of the
types of tools available. Although it 1s not possible to
present a comprehensive review of all decision support systems
(DSSs) within this report, this section does provide a
categorization of DSSs and discusses examples of tools within
each category. More detailed discussions of multi-criteria
decision making and decision and risk analysis are provided in
Section III.

Overview of Decision Support Systems

For the purposes of this presentation, let us define a
DSS as follows:

A decision support system 1s a computer-based,
interactive system that 1is designed to assist
decision makers, rather than replacing them.

The development and wuse of DSSs have increased
substantially 1in recent vyears. In a survey of DSS
applications, Eom and Lee (1990) identified over 200
applications of DSSs reported in the literature between 1971
and 1988. Of those, 41% appeared between 1981 and 1985; and
31% between 1986 and 1988. Review of the literature that has
appeared since 1988 confirms an wupward trend in the
development and use of DSSs.

While there are many different kinds of DSSs, the three
basic components shown in Figure 1 are common across all
types. These components are: 1) a data base, which stores
information used by the DSS; 2) an engine, which manipulates
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the data in predefined ways to obtain usable results; and 3)
a human interface, which is used to solicit inputs and present
outputs to the user(s). Of the three components, the engine
is the one that defines most of the character of the DSS.

Data Engine Human
Base Interface
Figure 1. Basic components of a decision support system.

Over the vyears, various researchers have developed
alternative classification schemes for decision support

systems. For example, Sainfort et al. (1990) defined
categories based on the point in the decision-making process
at which the tool is applied. Their divisions included:

problem structuring aids, evaluation aids, and implementation
aids. Another approach to categorizing decision support tools
is to focus on the different situations in which they might be
used, particularly with regard to the complexity of the
problem and the level of sophistication of the engine. Five
categories that can be considered from this viewpoint are: 1)
data management; 2) alternative generation; 3) alternative
evaluation and decision analysis; 4) management science /
operations research modeling; and 5) artificial intelligence.
This is the classification scheme that is used to structure
the remainder of this section.

Data Management

Decision aids suited to data management include those
techniques that organize data in a way that provides the
decision-maker (DM) with a better perspective from which to
evaluate the information. Types of tools commonly used for
this purpose are statistical methods such as bar charts,
histograms, scatterplots, variability measures, regression
analysis, etc. Decision-makers have relied on the assistance
of statistics for centuries. However, with the huge increase
in the amount of information realized since the development of
computing technology, such tools have become essential for
organizing data so that assimilation of the information by the
DM is possible. Database management systems are also tools
that, at least in part, serve in this capacity. These types
of decision tools do not directly suggest solutions to the DM,
but they enable him to be better informed when he makes a
decision. An example of this kind of DSS is the "PM Planner"
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software developed and used by ConnDOT Maintenance.

Techniques that provide a means for data collection for
use 1in future decisions can also be classified as data
management tools. Management techniques used to monitor
progress of projects or programs provide information that can
be used as the basis for decisions regarding future, related
projects or programs. Such methods also provide a basis for
decision-making in the context of the project underway.

Data management tools and techniques are helpful, if not
necessary in decision-making scenarios involving a significant
amount of data, or where data collection and monitoring are
relied upon for future decisions. But the fact that these
types of aids do not directly suggest a solution to the DM
implies that these techniques may not be well suited for all
types of decision problems. In many situations, the
presentation of and/or the evaluation of alternative solutions
are important parts of what the DM is looking for from the
DSS.

Alternative Generation

Alternative generation techniques are more sophisticated
and require more DM involvement than the data management
techniques. The generation of ideas and potential solutions
is obviously a more complicated function than the organization
and presentation of data.

The process of alternative generation can take many
forms. It can involve many pecople or only one person. The
number of potential alternatives can be limited or quite
large. Regardless of the case, the generation of alternatives
plays a crucial role in defining the caliber of the final
decision. Past studies (Cosier 1978, Cosier 1980, and Mitroff
et al. 1979) have shown that different approaches to
alternative generation have different effects on both the
quality of the alternatives generated and on the number of
alternatives generated. It is for this reason that many DMs
look toward DSSs as a means of generating good sets of
alternatives.

One of the most prominent types of available decision
tools that focuses on alternative generation is the group
decision support system (GDSS). The GDSS is a computer-based
system aimed at providing a medium through which a group can
interact on an equal level to aid in the group decision-making
process. GDSSs come in varying forms that provide varying
levels of support. One feature that nearly all GDSSs have in
common 1s an alternative-generating module. In most cases the
alternative generation technique supported by GDSS is
brainstorming. The advantage offered by the computer is that
all participants are offered an equal opportunity to provide
input. The freedom allowed by this approach leads to more and
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higher quality alternatives (Lewis and Keleman 1990) .

Other decision support systems, focusing on one DM, offer
slightly different technigques that attempt to trigger idea
generation on the part of the DM. Most of these techniques
are 1included as a separate module within commercially
availlable decision support software.

Manual aids have also been used and studied in the past.
Two such tools are the Dialectical Ingquiry System (DIS) and
the Devil’s Advocate (DA) technique. The DIS approach is
based on examining the assumptions underlying a potential
solution to a problem, negating the assumptions, and
developing a counterproposal based on the negated assumptions.
With the DA approach, the assumptions are examined as with
DIS, but a critique of the assumptions is developed as opposed
to a counterproposal based on the negated assumptions.
Various studies of the two techniques (Cosier 1978, Cosier
1980, Mitroff et al. 1979, and Schwenk 1984) have identified
advantages of both in terms of the quality of alternatives and
decisions, and in terms of the DMs satisfaction with the
decision-making process.

Alternative generation 1s necessary in those situations
when the options available to the DM(s) are ill-defined, or
even unknown. Loosely defined problems that offer the DM a
high degree of flexibility are well suited to such techniques
as brainstorming, so that as many potential solutions as
possible can be evaluated. In situations where the potential
solutions are well-defined, such decision aids are not
necessary, and the emphasis changes to an evaluation of the
known alternatives.

Alternative Evaluation and Decision Analysis

In the context of many decisions, the DM is aware of the
options available to him or her, but may have difficulty in
objectively evaluating them. DSSs for alternative evaluation
and decision analysis use techniques designed to assist the DM
in choosing amongst available options. Several different
techniques are available for doing this, but all perform the
following basis function: evaluation of alternatives based on
the attributes of each option or the potential outcomes that
go along with each alternative.

Within this category of DSSs, the following three
techniques are most popular:
1) cost/benefit analysis -- standard financial analysis that
typically determines the net present value of an alternative
based on dollar values of associated costs and benefits over
a specified time horizon;
2) multi-criteria decision wmaking (MCDM) -- similar ¢to
cost/benefit analysis, except that multiple criteria are
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identified and used to develop a utility function that serves
as the basis for evaluating alternatives; and

3) decision and risk analysis (D&RA) -- similar to MCDM in
that utility functions are developed, but D&RA is more general
because it explicitly incorporates uncertainties and allows
for multiple, sequential decision options.

In Section III, MCDM and D&RA are discussed in further
detail. They are the techniques that have been identified as
being most relevant to this project. Cost/benefit analysis is
a very important tool, but its use 1is so common that a
detailed explanation of it is not appropriate for this report.
Because the DSS category of alternative evaluation and
decision analysis is elaborated upon in Section III, it will
not be further discussed in this section.

Management Science / Operations Research (MS/OR) Models

In their survey article, Eom and Lee (1990) identified
MS/OR models as the most popular type of engine component for
decision support systems. Sixty percent of the articles they
reviewed employed MS/OR models. However, because it focused
on published reports, their review may not represent the types
of DSSs used in practice. For example, the less sophisticated
DSSs that perform straightforward data management are unlikely
to appear in journal articles. Nevertheless, the prevalence
of MS/OR models in the Eom and Lee survey is a good indication
of the importance of this category of DSSs.

MS/OR modeling techniques tend to be more complex than
methods used for alternative evaluation and decision analysis.
Because these mathematical models are very structured, they
tend to have a high developmental cost, and they are less
easily transferred to situations other than those for which
they were developed.

A well-known example of a MS/OR modeling technique 1is
linear programming (LP). Linear programming techniques are
frequently applied to decision problems involving optimal
resource allocation. LP modeling involves the development of
linear functions defining relationships amongst variables in
the form of constraints. The problem is then solved so that
a solution is obtained which is optimal with respect to a
specified linear objective function.

Kroeber and LaForge (1980) suggest several types of
problems well-suited to linear programming methods: problems
where ingredients must be blended; make or buy problems;
investment selection problems; transportation problems
involving several supply points and distribution channels; and
worker assignment problems. Linear programming has found
several uses in transportation planning, including use within
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various decision support systems for pavement management
(e.g., Davis and Van Dine 1991).

The maintenance fac1llty location model developed by
Campbell and Davis (1994) 1is based on a mixed-integer
programming (MIP) model . MIP is similar to linear
programming, except that some of the decision variables must
take on integer values. Network  programming  and
Cransportation programming are other variations of linear
programming. Non-linear programming is also related, except
that it allows for more general functional forms than does LP.

Dynamic programming 1is a quantitative method that
accounts for time intervals in a decision-making process.
Trueman (1978) describes four concepts of dynamic programming:

"Stage - each point in the problem where a decision must

be made.

"State -~ information describing the problem at each
stage, generally in the form of specific values of state
variables.

"Policy - a decision-making rule which, at each stage,

permits a feasible sequence of decisions.
"Optimal policy - a policy which optimizes the value of
a criterion, objective, or return function."

According to Andriole (1989), dynamic programming methods
are well-suited to problems dealing with production planning,
resource allocation, and equipment reliability and
replacement. Other problems involving multi-stage or time-
phased decisions are also likely to be well-suited to a
dynamic programming approach.

MS/OR models are sometimes classified based on whether
they use deterministic information or stochastic information.
For modeling situations where uncertainty 1s important to
include, the following tools have been widely used: queuing
analysis; Markov processes; and Monte-Carlo simulation. Books
such as Anderson, Sweeney and Williams (1994) cover these
MS/OR techniques along with an array of deterministic modeling
techniques such as LP.

While MS/OR models have been and will continue to be the
basis for very useful decision aids for organizations such as
ConnDOT, their situation-specific nature and relatively high
level of sophistication make it difficult to recommend them
for broad-based adoption within the Department. It 1is more
appropriate for them to be considered for use on specific
problems, such as the maintenance facility location problem
addressed by Campbell and Davis (1994). Consequently, MS/OR
models are not emphasized in the remainder of this report,
even though they are an area of great interest to both of this
project’s principal investigators.
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Artificial Intelligence

Probably the most sophisticated DSSs available today are
those that utilize artificial intelligence (AI) engines. AT
is a relatively new field aimed at developing computer systems
that use the knowledge provided by experts and generated by
the computer to work through a problem, using the information
in a human-like thought process.

ATl gystems are not limited to those that aid in the
decision-making process. In fact, their applications are
guite widespread, ranging from robotic vision systems to
expert systems. Expert systems (ES) are likely the form of AT
that is most directly applicable to decision support. An
expert system uses a "knowledge base" provided by experts so
that their expertise can be easily accessed by others. One
well-known example of such expert systems are medical
condition diagnostic tools. Provided with information
regarding a patient’s condition and specific test results, the
ES will diagnose the 1likely cause(s) of the patient’s
condition.

Use of AI in decision-making is a new and exciting area.
This excitement, however, may lead some to see AI as a
decision-making panacea, which it is not. ATl can be an
expensive and complex technigque to use when developing a
decision-making aid. Until further developments are made in
this field, applications should be very carefully evaluated
before substantial investments are made. Further discussion
of AI can be found in books such as Mirzai (1990) and Harmon
and King (1985).

IITI. TOOLS FOR ALTERNATIVE EVALUATION AND DECISION ANALYSIS
This section of the report provides a more detailled

discussion of the category of DSSs that was identified as most
appropriate for further investigation. Within this category,

the two techniques that are of greatest interest are: 1)
multi-criteria decision making (MCDM); and 2) decision and
risk analysis (D&RA) . These technigques are covered

individually in this section.

Multi-Criteria Decision Making (MCDM)

MCDM methods involve four major steps: (1) define the
evaluative criteria upon which the selection of alternative(s)
will be based, (2) specify the relative importance of the
criteria, (3) assign measurement values for each alternative
corresponding to each of the criteria, and (4) select the most
appropriate alternative.



With the aid of computers, the number of alternatives
that can be evaluated, or the number of criteria upon which
the evaluation is based, is virtually unlimited. Examples of
applications of MCDM will be provided, but first the basic
steps of the MCDM process are discussed.

Once the alternatives to be considered as part of the
decision-making process are generated, criteria for evaluating
the alternatives must be developed. The criteria are
developed by the decision maker(s) and are required as inputs
to the DSS.

After criteria are defined, the decision makers have the
opportunity to specify the relative importance of each
criterion with respect to the others. A simple, commonly-used
approach for this 1is the assignment of weights to the
different criteria. More sophisticated MCDM tools allow for
the development of more complex utility functions that define
the relative importance of the criteria. The process of
specifying the relative importance of the criteria 1is
dependent on the specific MCDM analytical approach employed.

Before the alternatives can be evaluated, each
alternative must be assigned a measurement value associated
with each criterion. As with the development of utility

functions, the details of assigning measurement values for
alternatives are dependent upon the specific MCDM analytical
approach in use.

Based on the utility function and the measurement values
provided by the user(s), the alternatives are then evaluated.
The result 1is, 1in wmost cases, the identification of one
alternative that is "best", based on the inputs of the DM(s).
Sensitivity analysis can then be performed to see how robust
the decision 1s in the face of changes to the utility
function.

One approach to MCDM is that of "goal programming." Goal
programming involves identification of required or desired
achievement levels for specific goals or criteria. The goals
are prioritized (similar to establishing the relative
importance of criteria, as discussed above), and a decision
rule based on minimization of deviations from the specified
achievement levels is implemented.

Another MCDM approach that has been widely used is the
analytic hierarchy process (AHP). Developed by Saaty (1980),
AHP has been the subject of much praise and criticism (see

Dyer 1990). AHP is similar to other MCDM in that it involves
the identification of evaluative criteria and the assignment
of values to the criteria for each alternative. The major

difference lies in the way that the relative importance of the
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criteria is established. A hierarchical structure of criteria
and sub-criteria is developed and used as the basis for
defining the overall utility function.

MCDM technigues are in widespread use in a variety of
applications, nearly all of which use some form of DSS. 2An
assortment of inexpensive MCDM software is readily available
and adaptable to many different decision-making scenarios.
Several surveys and evaluations of this type of software have
been performed in the recent past. Three of these are
discussed briefly below.

Buede (1992) performed a thorough evaluation of 32 DSS

packages separated into five categories. Buede'’s
categorization separates what we have defined as MCDM methods
into two categories: value matrix packages and multi-
attribute utility analysis (MAUA) . Value matrix packages

assist the user in creating a matrix of options and criteria
for the purpose of developing a weighted score for each of the
options. The MAUA packages take a similar approach, but also
provide a means for the hierarchical structuring of the
evaluative criteria. The purpose of Buede’s study was to
identify those features of the available software that are
most useful 1n a decision support software package. The
software features discussed not only relate to the performance
of the software, but also to the user friendliness of the
packages. Also included are brief description of the software
packages, including prices (which range from $40 to $1500) and
the hardware requirements of the packages (all PC-based).

A more recent survey by Buede (1993) i1is not an
evaluation, but instead reports information that was provided
by software producers. That summary covers both MCDM software
and software for decision and risk analysis, which 1is
discussed in the second part of this section.

Hodge et al. (1992) presents yet a third survey of low
cost (under $600) decision support software, focusing only on
those packages that support multi-attribute decision analysis
(a form of MCDM). Their compilation reports summary
information concerning 24 packages, but does not provide
evaluative insight or judgement.

Many of the software packages discussed in the
evaluations and surveys mentioned above have been used
successfully in a variety of decision-making scenarios.
Several examples are included in the book by Keeney and Raiffa
(1993) . In many instances, the use of a $500 MCDM software
package can provide such an improvement in the decision-making
process that the «c¢ost of the package itself Dbecomes
irrelevant.
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Barnhart (1993) reported on how Boeing used an MCDM-based
DSS for the selection of a supercomputer. In the initial
stages of the decision-making process, Boeing established the
criteria upon which the systems would be evaluated. This
process consisted of a brainstorming session to identify all
criteria for the decision. The list of criteria was then
pared down to the key criteria and subcriteria, and the
criteria were weighted according to their importance in the
evaluation of alternatives. Information wupon which to
evaluate each alternative was then gathered from potential
vendors. This information was used, via the software package
Criterium, to rank each of the potential vendors based on five

main criteria: ©price, performance, user needs, operational
needs and management issues. Initially, the top six
alternatives appeared to be very comparable. However, once

the required information was entered into the software
package, the best computer was gquickly identified. As stated
by Barnhart (1993), the decision support software:
"* reduced the risk of the decision to buy a multi-million
dollar computer.
* allowed the evaluation team to present its decision
with confidence.
* documented the results so that anyone can examine how
and why the decision was made.
* facilitated group decision-making."

In a similar application, Intel used an MCDM-based DSS
called Decision Pad for the selection of suppliers, as
reported by Evans-Correia (1991). The use of a DSS has
allowed Intel to go beyond the simple number crunching
analysis provided by purchasing software and spreadsheet
programs to enable them to include more evaluative criteria in
their selection process and to obtain a fair comparison of
vendors. The software allows specification of multiple
criteria and weighting of criteria in order of importance. It
also simplifies the monthly reevaluation of suppliers and
potential suppliers.

While most published reports expound upon the virtues of
MCDM techniques, these techniques do have some disadvantages.
Perhaps the most significant i1s that they do not allow for
sequential decision-making over time. Also, MCDM techniques
do not provide a means for explicitly accounting for
uncertainty in outcomes. This disadvantage can be overcome to
a degree, however, via the use of sensitivity analysis, which
is available in most commercially-available packages.
Decision and Risk Analysis (D&RA)

D&RA tools are more complete than MCDM techniques in that
the likelihoods of specific outcomes are included in the
analysis. D&RA techniques use probability trees and influence
diagrams as tools to assess the probability of occurrences
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affecting a decision. The probability of specific outcomes is
assessed based on the probability of events occurring that
must precede the specific outcomes. For example, the
probability of receiving four inches of snowfall is dependent
on the probability of precipitation and the probability of
temperatures being below freezing. To maintain the
manageability of probability trees, it i1s necessary that the
number of possibilities be limited to only those that are
realistically probable. Development of an influence diagram
is based on forecasting a chain of events, and then assessing
the likelihood of each event given the likelihoods of the
other events. These considerations are also reflected in
decision trees, which are discussed in greater detail below.

Decision trees are the most popular tool used for D&RA.
In developing a decision tree, the DM must provide an
evaluation of key uncertain events (and potential outcomes),
and a valuation of each potential outcome. The decision tree
provides both a graphical and a quantitative representation of
the decision problem.

Decision trees are frequently used as tools in strategic
decision making. An example of a decision tree is provided in
Figure 2. Different decision options are represented by
branches of the tree. Depending on the option chosen, another
decision may be reguired, or an uncertain event may be
encountered. In either case, the tree branches out further.
Following a series of chance events and/or decisions, a final
outcome is reached resulting in a "payoff", or value assigned
to that outcome. The decision tree can then be analyzed to
determine the expected value of the original decision options.
In Figure 2, this analysis suggests that the most appropriate
course of action is to allow for the possibility of alternate
fuels when the new transit facility is constructed.
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ILLUSTRATION OF DECISION AND RISK ANALYSIS:
Hypothetical Problem: Allowing for Alternate Fuels in

the Construction of a New Transit Facility
Assumptions:

-- project costs without allowing
for alternate fuels: $ 2.0 million

-- project costs with allowing
for alternate fuels: S

s

.0 million

-- cost to upgrade a facility to
allow for alternate fuels: $ 2.0 million

-- probability that alternative fuels
will be usad in the near future: €0 %

Note: costs znd probabilities have been fabricated
solely for illustration purposes.

DECISION TREE FOR HYPCTHETICAL EXAMPLE:

Alternative Fuels Alternative
Provided for in Fuels in Escimaced
Construction? ruture Use? Costs
YES Prob = .60 ¢ 2.0 millicn
YES
(expected NO Prop = .40 $ 3.0 million
cost = $§ 2.0
million)
YES Prob = .60 $ 4.0 million
NO
(expectead NC Prop =_ .40 $ 2.0 milliogn
cost = § 3.2
million)
J
. | .
Figure 2. Example of a decislon tree based on a hypothetical
problem.
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D&RA offers many of the same benefits as MCDM because
multiple criteria can be incorporated into the analysis.
Unlike MCDM, however, the probability of future outcomes is
explicitly incorporated into the decision-making model and
D&RA has the capability of accounting for decisions that are
sequential over time. Accordingly, D&RA can be considered the
more complete of the two methods discussed in this section.

Although it 1is more complete than MCDM, D&RA 1is not
without its disadvantages. For example, it is important that
decision makers be familiar with how to construct a decision
tree. Although decision tree construction aids are available
in many commercial software packages (see review by Buede
1993), the software cannot construct the tree for the decigsion
maker. To accurately construct a decision tree, detailed
knowledge of the decision(s) to be made and the potential
outcomes 1s necessary. Without a thorough understanding of
the process, construction of an appropriate tree can be
difficult. Even with guidance from computer-based systems, a
general understanding of decision trees 1is essential to
ensuring the accuracy of the model.

Although some degree of user sophistication 1s needed,
the knowledge requirements are not so great as to present a
serious obstacle to the use of D&RA. In a special issue of
the journal Intexfaces that focused on D&RA, Kirkwood (1992)
indicates that the use of this technique is quite wide-spread.
He also discusses recent theoretical developments in the area
that have been incorporated into decision support software.
Based on the successful use of D&RA tools reported by

organizations such as DuPont (Krumm and Rolle 1992); General
Motors (Kusnic and Owen 1992); and several electric utility
companies (Balson, Welsh and Wilson 1992), it is clear that

D&RA techniques are well-established and valuable tools for
supporting decision makers in a variety of organizations.

The in-depth review of D&RA and MCDM described in this
section and the broad-based review of literature described in
Section II together represent only the first part of the work
performed for this project. The second part of the project
involved communicating findings with ConnDOT and receiving
their input regarding the types of tools that would be most
useful to them. The interactions involved in this second part
of the project are described in the next section.

IV. INTERACTIONS WITH CONNDOT

After completing the literature review and deciding upon
a tentative set of decision support tools to focus on, the
principal investigators (PIs) obtained feedback and further
input from ConnDOT. Interactions between the PIs and ConnDOT
occurred 1in five stages involving the following ConnDOT
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personnel:

Stage 1) Research Management;

Stage 2) Executive Management ;

Stage 3) All ConnDOT Managers;

Stage 4) Personnel with potential applications; and
Stage 5) A Task Group focused on the pavement markings

application.

At the first stage of interactions between the PIs and
ConnDOT, the PIs presented a summary of the literature review,

with emphasis on the MCDM and D&RA material. This stage
occurred during September, 1993. The primary objectives at
this stage of interaction were: 1) to determine whether it

was appropriate for the project to focus on alternative
evaluation and decision analysis methods; and 2) to identify
who else within ConnDOT the PIs should be interacting with for
the remainder of the project.

At a meeting between the PIs and ConnDOT’s Director and
Assistant Director of Research and Materials, the various
types of decision support systems were discussed. The
discussion started with an overview of decision support
systems, including the five varieties discussed in Section TIT.
The discussion then turned to further explanation of tools for
alternative evaluation and decision analysis.

Multi-Criteria Decision Making (MCDM) was illustrated
using two examples, one from the British Columbia Power
Authority (Keeney and McDaniels 1992) and one from the
University of Connecticut (Office of the Provost 1993). Both
of these examples use MCDM techniques to help with strategic
decision making at the highest levels of the organizations.
As these examples were being discussed, it was suggested that
an 1llustration that would have more meaning to ConnDOT
personnel would be useful when the technique was presented to
others within the Department. A ConnDOT study addressing the
selection of alternative fuels for transit buses was
mentioned, and a copy of the report resulting from that study
was subsequently given to the PIs. As discussed later on, the
problem of selecting alternative fuels was used thereafter as
a basis for illustrating the MCDM technique.

The other technique discussed in depth with ConnDOT
Research Management was Decision and Risk Analysis (D&RA) .
This technique was illustrated by describing how the DuPont
corporation has used D&RA for various kinds of decisions,
including the selection of a strategy for new product
introduction (see Krumm and Rolle 1992). Decision trees and
influence diagrams -- two tools of D&RA -- were illustrated
using simple examples. Again, it was suggested by ConnDOT
that the PIs develop an example that would be more meaningful
to others within the Department. The problem of whether or
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not to allow for alternate fuels when constructing a new
transit facility was suggested. Subsequently, a hypothetical
example based on this problem served as an effective
illustration of the D&RA technique (refer back to Figure 2).

Besides MCDM and D&RA, group decision-making methods were
also discussed. These methods work in conjunction with MCDM
and D&RA to ensure that inputs are obtained from all
stakeholders, and to help build consensus and commitment to
decisions. Group decision-making methods include
participatory techniques such as: brainstorming, the Delphi
method, and what Kusnic and Owen (1992) call the "unifying
vision process." ConnDOT Research Management agreed that
methods such as this were important to use for decisions
involving multiple stakeholders, and they indicated that
personnel within ConnDOT had received training in such a
technique called the "total quality effort" (TQE). 1In fact,
this participatory technigque had been used during the
aforementioned alternative fuels study.

Besides discussing alternative evaluation and decision
analysis techniques with ConnDOT Research Management, the PIs
also proposed possibilities for application areas within
ConnDOT. At this stage, the proposed application areas
related to the management systems required under the
Intermodal Surface Transportation Efficiency Act of 1991
(ISTEA) . Shown below is an excerpt from an article written by
a strategic planner for the Texas DOT.

Prioritizing complex alternatives such as
congestion mitigation strategies mway require
multicriteria/multiobjective methods for some of
the new management systems.

(Hagquist, 1993, p. 20).

The PIs believed that MCDM and D&RA had high potential for use
both within and across the various management systems required
under ISTEA. ConnDOT Research Management confirmed that ISTEA
was a key concern within the Department.

At the conclusion of the first stage of interactions
between the PIs and ConnDOT, agreement had to be reached
regarding how to proceed with further interactions. It was
decided that the PIs would deliver a revised version of their
presentation to a group of ConnDOT Executives, who would then
help to decide how to proceed further.

The second stage of interactions between the PIs and
ConnDOT began when the PIs prepared a presentation packet for
review by ConnDOT Executive Management. This packet was a
pared-down and refined version of what the PIs had discussed
with ConnDOT Research Management. In October of 1993, the PIs
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met with a group from ConnDOT that included two Deputy
Commissioners and the Director of Research and Materials. At
this meeting, there was general agreement that the next step
shou}d be a presentation by the PIs at a ConnDOT all-managers’
meeting.

Stage three of the interactions between the PIs and
ConnDOT occurred at the all-managers’ meeting held at ConnDOT
headquarters in Newington, Connecticut in November of 1993.
In front of the entire group of managers, the PIs delivered a
presentation based on the material shown in Appendix A.
Again, this presentation was along the same lines as what was
discussed with ConnDOT Research Management and Executive

Management. However, for the all-managers’ meeting the
presentation was designed to be delivered within a twenty-
minute block of time. As 1ndicated on the last page of

Appendix A, the PIs sought input from ConnDOT management
regarding the appropriateness of the technigues and possible
areas of application. During the meeting’s break, several
managers visited the PIs at a graphical display area that the
PIs had set up in the building’s lobby. During these visits,
MCDM and D&RA techniques were discussed in further depth, and
ideas for possible applications were identified. One of the
possible application areas for MCDM that emerged was that of
evaluating alternative pavement markings. Arrangements were
made to follow-up on the ideas generated at the all-managers’
meeting, and this concluded the third stage of interactions
between the PIs and ConnDOT.

The fourth stage of interactions occurred during December
of 1993. This stage included further discussion of possible
application areas and identification of a decision problem to
use as an initial application. Of the two techniques (MCDM
and D&RA), MCDM is conceptually simpler and more easily
adopted, which contributed to it being preferred as the
technique to be used for the first application. Disgcussions
at this stage of the project revealed that weighted scoring,
which is a simple form of MCDM, was already being used within
ConnDOT as the basis for a "Project Development Rating
System." Further development of this system was considered as
a possibility for the first application of an MCDM-based DSS,
but the problem of choosing amongst pavement marking
alternatives eventually emerged as the preferred initial
application. The decision to apply MCDM to the pavement
markings selection problem marked the conclusion of stage four
of the interactions between the PIs and ConnDOT.

Stage five began with the formation of a pavement marking
task group composed of ConnDOT personnel from the following
areas: Traffic, Research and Materials, Construction, Highway
Operations, and Design. The function of this task group has
been to work with the PIs to accomplish tasks A through J of
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the work plan shown in the project proposal included as

Appendix B oﬁ this report. This work, which is part of a
follow-on project stemming from the project described in this
report, will be concluded during the summer of 1994. A

description of the interactions between the PIs and ConnDOT
during this stage will be included in a separate report
describing the pavement markings application.

This concludes the discussion of the interactions that
have occurred between the PIs and ConnDOT. These interactions
have had a strong effect on the path that the original project
followed and on the direction that the follow-on project has

taken. Further interactions will be essential for the
successful completion of Tasks K and L of the follow-on
project (see Appendix B), which involve identification and

follow-through on other applications of MCDM and/or D&RA
within ConnDQT.

V. CONCLUSION

This project was initiated with the primary goal of
identifying decision support tools that would have a high
probability of being useful within ConnDOT. Based on the
progress that has been made on this project and the progress
to date on the follow-on project, it appears as though this
goal has been accomplished. Ultimately, however, the success
of this project will be judged by the extent to which
alternative evaluation and decision analysis tools are being
used within ConnDOT several years from now.

This report has been structured according to how work
proceeded on the original project. Initially, a broad-based
review of the literature on decision support systems was
performed. This review was summarized in Section II. Then,
attention was focused on two tools for alternative evaluation
and decision analysis. Section III discussed these tools
{(multi-criteria decision making and decision and risk
analysis) in depth.

Section IV described five stages of interactions that
have occurred between the principal investigators and ConnDOT
personnel. At each stage, the focus of the project has been
further clarified until, finally, at stage five, work on a
specific application was initiated.

Work on the pavement markings application is still in
progress. Multi-criteria decision making software has been
purchased, a goals hierarchy has been developed, and progress
has been made on establishing a utility function. As the work
progresses, the principal investigators and the ConnDOT
personnel involved continue to learn more about MCDM and the
kinds of interactions that are necessary to build a useable
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computer-based decision support system.

The follow-on project described in Appendix B includes,
as tasks K and L, the identification of other potential
applications for alternative evaluation and decision analysis
tools within ConnDOT. Considering the nature of the follow-on
project, 1t is clear that the original project described in
this report actually represents a first step towards meeting
the need that was communicated by Commissioner Frankel in the
summer of 1992.
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APPENDIX A.

MATERIAL PRESENTED AT CONNDOT MANAGERS’

MEETING

Slide 1

EVALUATING THE APPLICABILITY OF ANALYTICAL

DECISION SUPPORT TOCOLS FOR ConnDOT

Joint Highway Research Project # 93-2

Principal Investigators:

Dr. Cerard Campbell, UConn School cf Business
Dr. Christian Davis, Uconn School of Engineering

Slide 2

2)

3)

OBJECTIVES OF THIS PRESENTATION

Inform ConnDOT management about the project.

Tllustrate two specific decision support technigues:
L e b

i) Multi-Criteria Decision Making;
ii) Decision and Risk Analysis.

Reguest your input regarding applicability.




Slide

INITIAL PROJECT FOCUS:

Eroad-Based Review of Decision Support Systems

Decision Supvort System: a computer-based, interactive

system that supports decision makers, rather than

replacing them.

BASIC COMPONENTS OF A DECISION SUPPORT SYSTEM:

Data Engine Human
Base Interface

FIVE VARIETIES OrF THE "ENGINE" COMPONENT:

1) Data Management

2) Alternative Generation

3) Alternative Evaluation / Decision Analysis

>

Management Science / Operations Research Models

U

Artificial Intelligence / Expert Systems

CURRENT PROJECT FOCUS:

Alternative Evaluation / Decision Analysis




Slide 5

{" TOOLS FOR ALTERNATIVE EVALUATION / DECISION ANALYSIS:

1) Cost / Benefit Analysis

2) Multi-Criteria Decision Making

3) Decision and Risk Analysis

COMMON CHARACTERISTICS:
-- relatively simple to learn
-- applicable to a wide range of problems

-~ help to improve communication and
facilitate informed debate

-~ serve as vehicles for consensus-building
-- supported by inexpensive, P.C.- based software

-- widely used in private and public organizations

Slicde 6
ILLUSTRATION OF MULTI-CRITERIA DECISION MAKING:
Hypothetical Problem: Alternate Fuel Selection
Criteria: Costs Safetv Pollution
Weights: .50 .30 .20
Total
Alternatives Scors
Methanol: 3 1 1 2.0
Natural Gas: 2 2 1 1>8
Solaf: 1 3 3 2.0

|

scores based on each criterion

Note: scores and weights have been fabricated
solely for illustration purposes.




Slide 7

ILLUSTRATION OF DECISION AND RISK ANALYSIS:
Hypothetical Problem: Allowing for Alternate Fuels in

the Construction of a New Transit Facility
Assumptions:

-- project costs without allowing
for alternate fuels: $ 2.0 million

-- project costs with allowing
for alternate fuels: $ 3.0 million

-- cost to upgrade a facility to
allow for alternate fuels: $ 2.0 millien

-~ probability that alternative fuels

will be used in the near future: 60 %

Note: costs and probabilities have been fabricated
solely for illustration purposes.

Slide 8
DECISION TREE FOR HYPOTHETICAL EXAMPLE:
Alternative Fuels Rlternative
Provided for in Fuels in Estimated
Construction? Future Use? Costs
YES Prob = .60 $ 3.0 million
YES
(expected NO Prob = .40 $ 3.0 million
cost = § 3.0
million)
YES Prop = .60 $ 4.0 million
NO
(expected NO Prob = .40 $ 2.0 million
cost = $§ 3.2
million)




Slide 9

Six

POSSIBLE APPLICATION ENVIRONMENT FOR
ALTERNATIVE EVALUATION / DECISION ANALYSIS:

Management Systems Reguired under ISTEA

Within

Across

Pavement Management

Bridge Management

Safety Management

Congestion Management

Intermodal Management

Public Transportation Management

systems: multiple criteria, uncertainties, and
seqguential decisions exist within eacnh system.

systems: Dby analyzing trade-offs that encompass

different performance measures, multi-criteria
analysis can help to integrate the six systems.

Slide 10

BENEFITS REPORTED BY USERS:

improved communication within the organization
increased attention to new and different approaches
change is facilitated

seen as clear and logical approach to making choices
helps to clarify issues amongst stakeholcers
facilitates informed debate

helps to handle unavoidable value trade-oifs




Slide

11

REQUIREMENTS FOR SUCCESSFUL IMPLEMENTATION:

-- Top management'’s support
-- Introductory training for all users
-- In-depth training for "internal experts"

-- Purchase of P.C. - based software

-- Adoption by individual managers for specific projects

n
—
™

]

[ouy
%)

FROM ConnDOT, WE WOULD LIKE TO KNOW:

1) Which techniques(s) should we pursue?
a) Multi-Criteria Decision Making
b} Decision and Risk Analysis
c) both
d) None of the above

2) In what areas and on what specific projects
might these techniques be useful?

TO OFFER YOUR INPUT:

-- See us during the meeting’s break

-- Call us at the phone numbers listed on your handout.




APPENDIX B. PROPOSAL FOR FOLLOW-ON PROJECT

Joint Highway Research Program Project Proposal

IMPLEMENTING DECISION SUPPORT TECHNIQUES

FOR THE SELECTION OF PAVEMENT MARKINGS AND OTHEER APPLICATIONS

Continuing Project No. 93-2

Principal Investigators:

Gerard M. Campbell
Christian F. Davis

December 1993



1. Background

Currently ConnDOT employs various chemical marking systems to
provide route guidance and safety information to motorists. These
systems vary from reflectorized painted lines to thermoplastic and
epoxy systems. Recently, plastics have made inrocads into the
pavement marking market. Each of these systems have unique
placement and performance reguirements and characteristics, with
significantly different costs.

Given the diverse highway system in this state, thers is a
need to develop and implement policies which treat the use of
various marking materials in an optimal and cost-effective manner.
An ongoing study 1in our Cooperative Research Program at the
University of Connecticut presents a technical basis to develop
needed policies or guidelines for the use of various pavement
marking materials.

In the above-mentioned ongoing study, the principal
investigators have identified Multi-Criteria Decision Making (MCDM)
and Decision and Risk Analysis (D&RA) as two decision support
techniques that have gcod potential for use within ConnDOT. Both
of these technigques have been successfully applied in many
organizations to support a wide range of decisicons involving the
evaluation of alternatives. There 1s interest in using these
technigues on specific applications within ConnbOT, especially with
respect to the use of MCDM for evaluating pavement marking
alternatives. Eowever, there 1is little expertise within the
organization regarding these techniques and associated
commercially-available software packages.

Benefits of Multi-Criteria Decisicn Making and Decision and
Risk Analysis that have been reported by users include the
following:

-- they improve communication;

-- they clarify issues for stakeholders;

-- they facilitate informed debate;

-- they help to build consensus;

-- they increase attention to new approaches;

-- they provide defensible approaches to decision making.

The technigques are especially useful when there are other
relevant criteria besides costs, which is certainly the case for
the problem of selecting pavement markings. For that application,
safety, durability, ease of zpplication, and reflectivity are the
types of additional criteria that must be considered when choosing
amongst available pavement marking alternatives such as paints,

epoxies and plastics.



Because the potential for the decision support techniques to
be used within ConnDOT is very good, it 1s important for initial
applications to be done carefully. Initial successes will increase
the likelihood that the above-mentioned benefits can be achieved on
a large scale within ConnDOT.

2. Objectives

The primary objective of this project is to support the use of
Multi-Criteria Decision Making for the development of guidelines
for the application of various types of pavement marking materials
on Connecticut highways. A secondary objective is to explore other
potential applications of Multi-Criteria Decision Making and
Decision and Risk Analysis within ConnDOT.

3. Work Plan

In recegnizing the importance of pavement markings, a Task
Group has been designated by the Deputy Commissioner cf the Bureau

of Engineering and Highway Overations (see Attachment 1). This
Task Group represents a significant cross section of affected DOT
offices. It will function to provide practical guidance to the

researchers in terms of DOT coperaticns and reguirements.

The principal investigators will provide support for the
introduction of Multi-Criteria Decision Makinc within ConnDOT.
Their support will be greatest during the first applicaticn, which
will involve the use of MCDM for evaluating pavement marking
alternatives. For this apvlication, the principal investigators
will be heavily inveolved in the process of identifyirg objectives
and building an objective function for wuse 1in evaluating
alternatives. The P.I.s will alsc identify and procure
appropriate software and transfer it to ConnDOT for them to use in
evaluating pavement marking alternatives.

After MCDM has been applied to the problem of selecting pavement
markings, other applications for MCDM will be pursued. The focus
of the project will turn from a specific application to mcre wide-

spread dissemination of the MCDM technigque. By the end of this
part of the project, the usefulness to ConnDOT of Multi-Criteria
Decision Making should be well-established. It is not expected

that Decision and Risk Analysis will be applied in this part of the
project, but the principal investigators will assist in identifying
potential applications for that technicgue if there is sufficient
interest. Support for the application of D&RA might ke provided in
the future if the project is continued beyond what is outlined in
this proposal.



Specific work tasks are outlined below:

Task

Task

o

Conduct a group meeting for all stakeholders to discuss
the application of MCDM to the evaluation of pavement
markings.

Work individually with stakeholders to identify sets of
objectives to be used for evaluating pavement markings.

Combine sets of stakeholders’ objectives into a single
set, and review this set with stakeholders at a second
pavement markings group meeting. At the meeting, discuss
the need to identify measurable attributes for all
objectives.

Work individually with stakeholders to identify
measurable attributes and begin to develop an okbjective
function (e.g. weights) to be used for evaluating
pavement markings.

Discuss the objective function at a third pavement
markings group meeting.

Outline the information needed for each type cf pavement
marking so that the evaluation can be completed.

Write report describing the pavemsnt markings
application.

Select and procure two copies of Multi-Criteriz Decisicn
Making software.

Learn to use the MCDM software and set it up for ths
pavement markings applicaticn.

Deliver one copy of the MCDM software to appropriate
ConnDOT personnel, and demonstrate its use for the
pavement markings application. Provide support as
they learn to use the software themselves.

Icdentify other potential applications of Multi-Critexia
Decision Making and/or Decision and Risk Analysis
within ConnDOT.

For attractive applications of MCDM identified in step X,
provide assistance in selecting software, identifying
stakeholders, etc.

Write Final Report, which will include the report from
step G as one of its sections.



Work Schedule
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Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May
1994 1995

Attachment 1

PAVEMENT MARKINGS
TASK GRQUE FOR UCONN VWORK

Projoct JH 93-2

Waltver Coughlin - Chalrman - Tratflc

Jamws Sime - Ressarch
Rolland Mayo - Matorials Testing
Paul Bresn - Constructlon

John Micali - Highway Cperations
William Seory -~ Dasign
Vincent Avino - Traffic
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