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PREFACE

This report results from research conducted under Research Project
No. 1-8-69-123, "A System Analysis of Pavement Design and Research

Implementation."

The project was initiated in 1969 and is being conducted
jointly by the Texas Highway Department, the Center for Highway Research, and
the Texas Transportation Institute. The study is part of a cooperative
research program with the Department of Transportation Federal Highway
Administration.

This study was conducted to obtain the background necessary to establish
an automated data feedback system, called the Pavement Feedback Data System
(PFDS). This system would be of great benefit in the areas of pavement
research, design, and maintenance. The study discussed herein produced a
tentative list of items for the PFDS, a rating assigned by the Delphi partici-
pants of the importance of each item, and a list of reported redundancies in
the set of items. It is felt that this information, which has been made
available to the Texas Highway Department, will serve as a basis for the
formulation of a definite set of items for inclusion in PFDS.

The author gratefully acknowledges the assistance and encouragement of
Dr. Timothy Ruefli. The author also acknowledges the contributions of
Drs. Knight, Howard, Hudson, and McCullough.

Mr. Hugh Williamson of the Center for Highway Research proposed the
statistical procedure used to test for differences between data base designs.
Without his assistance in this area the quality of the study would have
suffered significantly.

Mr. James L. Brown of the Texas Highway Department made many valuable
suggestions regarding the Delphi procedures. Not only did his recommendations
contribute to the effectiveness of the Delphi process in the Highway
Department, but many of the procedures he suggested will undoubtedly be
incorporated in subsequent applications of the method.

The 241 individuals from the Texas Highway Department, Center for Highway

Research, and Texas Transportation Institute, who participated in the PFDS
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data base design project, each deserve a special word of thanks. Their

diligence and dedication made the project a success; and I am proud to have

been associated with such an outstanding group.

Ronald R. Bush

February 1975
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ABSTRACT

The rapid proliferation of computerized information systems has created
an urgent need for better methods to determine what the contents of the data
bases for these systems should be. The central theme underlying the method-
ology, which is proposed for making this determination, is that there are
certain types of information concerning what the contents of a data base
should be that can be best provided by the most knowledgeable people in the
area, i.e. the potential users of the system. A concurrent consideration,
which also makes it highly desirable to have the potential users involved
in the development of their system, is that participation in decision making
has been shown to lead to greater group acceptance. This aspect of poten-
tial user involvement is especially important, since group acceptance is
critical to the success of any information system.

A Delphi type methodology provides a means whereby the opinions of the
potential users can be effectively integrated in regard to the types of data
that are important in a data base. Procedures for implementing the
methodology are developed, and a generalized computer program for processing
the information flows associated with the method is described. The descrip-
tion of an actual application of the method to the design of the data base
for the Pavement Feedback Data System (PFDS), which is currently under
development in the Texas Highway Department, is used as an example to illus-
trate the concepts involved.

The Delphl process also provides an effgétive research methodology for
investigating the effects that certain personal characteristics of the poten-
tial users have on the data base designs achieved. The cognitive styles of
the Delphi participants in the PFDS study were assessed along the field-
dependent/independent dimension as measured by the Hidden Figures Test.

Then the influence of cognitive style on the data base designs achieved by
different Delphi groups was investigated. It was concluded that Delphi
groups, composed of participants with different cognitive styles, converge

to data base designs that are significantly different from one another.
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The effect of Delphi participation on the attitudes of the potential
users toward the system was also investigated in the PFDS study. A small
but statistically significant, overall positive change in attitude was
observed after the potential users had participated in the data base design
process.

The successful application of a Delphi type methodology to the design
of the PFDS data base has proven that the process provides a wiable method
for involving the potential users in the design of their system. Further-
more, it is concluded that the method possesses excellent potential for

widespread application in the area of data base design.

KEY WORDS: Delphi process, Pavement Feedback Data System (PFDS), cognitive

style.



SUMMARY

It has become evident in dealing with the decisions faced by pavement
engineers that a vast amount of past experience exists which, if available,
would be of great benefit., Perhaps the most practical method of making such
information readily available is through the means of a computerized data
base.

By capturing and storing data from in-service pavements as well as on new
construction, an inventory of the Texas pavement network can be established in
the form of a computerized data base resident on the Texas Highway Department
(THD) System 370 in Austin., This Pavement Feedback Data System (PFDS) can
then be used for research, design, and management functions. It is intended
that this information will supplement the pavement engineer's judgment and
assist him in making better pavement decisions.

In determining what information should be stored in PFDS, care must be
exercised so that all necessary information will be available when needed,
while other items should be excluded from the system as their presence would
only increase the operating costs. The potential users of the system, who
also tend to be the most knowledgeable people in the area of pavement-related
problems, are best suited for providing the contents of the PFDS data base.
However, it is difficult for a large group of people to agree on something as
involved as the set of items to be stored on a computerized information
system. Thus, the Delphi process is used whereby each individual makes his
contributions free from the psychological forces of the group. By a process
of iterations, in which each person reconsiders his judgment in light of the
group consensus from the previous iteration, the individuals of the group
begin to converge in their ideas. Thus, the items to be contained in the data
base are obtained.

The Delphi process was used in this study to generate a proposed list of
items for inclusion in a Texas Pavement Feedback Data System. The list,
together with accompanying information including importance ratings assigned

to all the items by the Delphi participants, is presented in this report. The

xi
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list is possibly the most important practical result of this study, since it

relates directly to the implementation of PFDS.

A discussion is also given on the relationship between the cognitive

style of the participants and their preferences about the composition of the

data base.

The participants were ranked on a global-analytical cognitive

style continuum by means of certain testing procedures applied before the

Delphi experiment. The following specific results were obtaiazed:

(1)

(2)

(3)

The number of data items initially submitted by the participants
is correlated with their cognitive styles.

Homogeneous Delphi groups, composed of participants with dif-
ferent cognitive styles, converged to data base designs that were
significantly different from each other.

The manner in which the Delphi groups are structured, relative to
cognitive style, appears to be an important consideration not
only in regard to the data base design achieved, but also in
regard to the degree to which the subjects are able to partici-
pate effectively in the process. The global type of individual
appears to function better in a group composed solely of other
global types.

Finally, an improvement in the attitude of the participants toward the

data base was achieved by their taking part in the Delphi process. The

improvement was small, but statistically significant at the .05 level.



IMPLEMENTATION STATEMENT

This study has yielded a tentative set of items for inclusion in PFDS, a
list of items in the set which appear to be redundant, and an importance
rating assigned to each item. This information provides the basis for the
formulation of a definite set of data items for inclusion in the preliminary
PFDS. The list and importance ratings are especially useful since they were
obtained from potential users of the data base within the Texas Highway
Department and supporting research institutions and thus reflect the interest
and knowledge of field personnel.

Recommendations for use of the proposed set of data items in designing
PFDS are given below following a brief summary of necessary background infor-
mation which is discussed in detail in the report.

For the purposes of studying the effect of certain personality factors on
the preferences about PFDS data items, the participants were classified into
five categories on the basis of initial testing. Differences between people
who tend to think in analytical and those who think in broad or global terms
were investigated. Additionally, those with an initial low attitude about the
data base were studied separately.

The participants were divided into 21 separate groups, including four
replicate groups within each of four personality classifications, four control
groups, and a late entry group. Each of the 21 groups selected its own
proposed list of items for PFDS by the Delphi process, which is discussed in
the body of this report. Thus, the initial outcome of the experiment was 21
separate proposed lists of items.

All of the items included by any of the groups are listed in Appendix F
along with the average importance rating assigned to each item by the groups
which included the item. The additional information provided in the appendix

for each item is as follows:

(1) the number of groups out of 21 which included the item,

(2) the lowest and highest of the importance ratings assigned to the
item by the groups that included it, and
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(3) additional information indicating which specific groups included

the item.

Two steps are now needed to produce a definite set of items for inclusion
in the preliminary PFDS: elimination of redundancies in the list and selec-
tion of the items from the resulting duplication-free list for actual
inclusion,

The elimination of redundancies will be greatly facilitated by the list
of duplications reported during the experiment by the participants. This list
is also given in Appendix F. Further examination will be required, however,
to eliminate all redundancies and choose the best of each set of alternate
terms.

The selection of the items from the duplication-free list for actual
inclusion will be aided considerably by the importance ratings assigned all
proposed items by the participants in the study. The importance ratings have

the following verbal meanings:

5.0 Imperative that item be included
4,0 Highly important

3.0 Moderately important

2.0 Of questionable importance
1.0 Low importance
0.0 Absolutely no importance.

Clearly, any scheme for selecting part of the list of proposed items will
involve some subjectivity, but the importance ratings provide a basis for a
systematic approach. The following are recommendations for such an approach.

First, it is suggested that items with average importance ratings of 3.0
or higher be included, whereas all items with a value of 2.0 or lower be
excluded from the final list. Any item given at least one rating of 4.0 or
higher should probably be included, since at least one of the 21 groups
considers that item to be highly important., For marginal items, it is
suggested that both the number of groups that included the item and the range
of importance ratings be considered. A large range indicates a substantial
diversity in feeling toward an item; if there are a few high ratings, inclu-

sion may be warranted, even though the average is low.
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CHAPTER 1. INTRODUCTION

The last few years have witnessed the rapid beginning of what is pre-
dicted to be a major movement toward the installation of computerized data
base systems in organizations. This movement has been and is being fueled by
our continuing progress in computer technology. If the expected progress in
the areas of low-cost, high-capacity, random access devices and storage man-
agement techniques materializes, the growth in the installation rate of data
base systems may well be explosive. Unfortunately, this rapid technological
progress in our ability to install data base systems has been outstripping
our understanding of what the data contents of these systems should be.
Therefore, the research effort described in this report was undertaken with
the objective of developing and refining a data base design methodology that
will help to close the heretofore growing gap between our technological capa-
bility and our ability to design data base systems that contain data which
will effectively aid management decision making.

The Need for Data Base Design Techniques

Jerome Kanter (Ref 51, p 213) discusses the results of a study, to eval-
uate the relative importance of potential MIS research projects, that was
conducted by the Society for Management Information Systems during its found-
ing conference in 1969. The conference was attended by 125 individuals who
represented a wide cross section of highly experienced MIS professionals.
These individuals were asked to rank twenty-six potential MIS research proj-
ects in relation to their perceived importance, and a composite ranking of
the group's opinion was then developed. The three most highly ranked projects
in the order of their relative importance were:

(1) development of methods for determining what the content of an infor-

mation system should be,

(2) investigation into the characteristics of decision makers which
affects MIS system design, and

1



(3) investigation of means for overcoming user-designer interface prob-
lems. (Ref 51, p 216)

Since it is difficult to imagine how any one of the three top ranked
projects could be successfully completed without giving at least partial
attention to the other two, this author views the considerations embedded in
the projects as being inseparable. Therefore, it was deemed essential that
both the data base design methodology and the experimental design, described
in this report, address all three of the above considerations.

Further and more recent evidence of the pressing need for better data
base design techniques can be found in "A Study of Critical Factors in Man~
agement Information Systems for U.S. Air Force" (Ref 12) that was conducted
in 1973 at Colorado State University. 1In this study, personnel from a widely
diversified sample of business organizations and government agencies were
interviewed with the objective of determining what factors are most critical
in information systems design. In the list of twenty critical factors that
was developed, "identification of information needs of management' was ranked
second, just barely behind the first ranked factor which was "definition of
objectives of the system" (Ref 12, p 9).

There is little doubt that one of the foremost problems facing the infor-
mation systems designer today is how to determine what the content of an
information system should be. This report examines a Delphi methodology for
data base design that appears to offer great potential for overcoming this

problem.

The Delphi Technique

The "Delphi Technique," an ongoing project of the Rand Corporation which
was begun shortly after World War II, is a method for achieving a reasoned
consensus of opinion among a group of experts. The purpose of the method is
to avoid the direct confrontation of the experts by means of an iterative
interrogation scheme in which only the administrator is aware of the sources
of information which is fed back to the participants. A concise but detailed
description of the technique is given by Helmer who was one of the many con-
tributors to the method. |

The "Delphi Technique," eliminates committee activity, thus further
reducing the influence of certain psychological factors, such as



specious persuasion, the unwillingness to abandon publicly expressed

opinions, and the bandwagon effect of majority opinion. This technique

replaces direct debate by a carefully designed program of sequential
individual interrogations (best conducted by questionnaires) inter-
spersed with information and opinion feedback derived by computed con-
sensus from the earlier parts of the program. Some of the questions
directed to the respondents may, for instance, inquire into the "rea-
sons" for previously expressed opinions, and a collection of such rea-
sons may then be presented to each respondent in the group, together
with an invitation to reconsider and possibly revise his earlier esti-
mates. Both the inquiry into the reasons and subsequent feedback of

the reasons adduced by others may serve to stimulate the experts into

taking into due account considerations they might through inadvertence

have neglected, and to give due weight to factors they were inclined to

dismiss as unimportant on first thought (Ref 44, p 47).

Decision making within organizations quite frequently requires the type
of expert opinion that the Delphi method has proven to be helpful in elicit-
ing. Helmer and Rescher point out that even "in certain engineering appli-
cations, particularly of relatively underdeveloped branches of physics, the
reliance upon 'know-how' and expert judgment is just as pronounced as it is
in the applications of political science to foreign-policy formation." An
example of this phenomena is readily apparent in the design and management of
highway pavement systems where stochastic variations necessitate the reliance
on professional experts to "supplement the various explicit elements by appro-
priate use of their capacities for an intuitive appraisal of the many intan-
gible factors which critically affect the final outcome” (Ref 44, pp 40-41).

An idea which is widespread today is that this type of decision making
can be alded by appropriately designed information systems. However, when
dealing with complex problems, such as pavement management where stochastic
variation in the decision variables is prevalent, the determination of what
is relevant data to include in a data base is not always clear. 1In fact the
uncertainty, in what to include, creates a substantial danger because of the
large capital outlay that is required to bring an MIS into existence. On the
other hand it is this same uncertainty in the decision variables that creates
the greatest opportunity for the use of an MIS. If a problem is clear cut,
well defined, and has explicit decision variables, then there is little need
for a data base type of information system. Danger and opportunity appear as
opposite sides of the same coin when considering an MIS. A method is needed
for the design of data bases that is more certain than flipping a coin that

may even be loaded in favor of the danger side.



If data based information systems are to prove successful in supplying
information that will aid management in making and implementing decisions,
then the design of the data structures of these data bases will have to either
complement or incorporate the "know-how" and expert judgment of the present
decision makers, who are also the potential users of the system. Theoret-
ically no one should be more capable of describing the necessary data con-
tent of these data bases than the present decision makers themselves, and the
Delphi Technique offers a method for bringing about a convergence of this
expert opinion.

Not only is an advantage gained by bringing the expertise of the most
knowledgeable people to bear on the problem, but also an additional organi-
zational behavior advantage can be expected to accrue from the application of
a Delphi type methodology to the design of a data base. This additional
advantage occurs because the potential users of the system are allowed to
directly participate in its development. Group acceptance of an information
system is critical to its effectiveness. Unless an information system is
used, there is no way to justify the cost required to bring it into existence.
By participating in the development of the system, the group's attitude toward
the system is likely to improve and the probability of the system being used
is, therefore, greatly increased. One of the objectives of the research
effort described in this report was to verify this expected improvement in
attitude as a result of participation in a Delphi design of a data base.

The Delphi Technique, which receives its name from the oracle at Delphi
in ancient Greece, has since its inception been used by industry and govern-
mental agencies to forecast future technological developments. This future
aspect of Delphi is felt by the author to hold a significant connotation for
the application of the technique to the area of data base design. A data
base requires a certain amount of time for development to the operational
stage after its design has been finalized. Even after the data base is opera-
tional, the information system is commonly used to assist with decisions that
are made possibly years after the system has reached the operational stage.
Thus the people who participate in the design of a data base are in actuality
attempting to predict what types of data are likely to be needed in future
decision making. The Delphi Technique provides a proven vehicle for delving

into this type of uncertain and opinion laden question.



This report will in part describe the development of a Delphi methodology
for data base design that provides a user-designer interface through which a
determination can be made as to what the content of an information system
should be. Consideration will thus be given to the first and third highest
ranked projects in the Society for Management Information Systems' list of

potential MIS research projects.

Cognitive Style

The second highest ranked project in the list of potential MIS research
projects 1s concerned with the characteristics of decision makers which affect
MIS system design. Cognitive style, a personal characteristic of decision
makers, is a stable individual preference for a particular 'mode of perceptual
organization and conceptual categorization of the external environment. One
particular style dimension involves the tendency to analyze and to differen-
tiate the stimulus environment in contrast to categorizations that are based
on the stimulus as a whole." Some people 'characteristically analyze and
differentiate the stimulus field, applying labels to subelements of the whole.
Others tend to categorize a relatively undifferentiated stimulus." Some
people "are splitters, others are lumpers" (Ref 92, p 74).

It should be recognized that the splitting and lumping labels define
"ideal"” types of behavior that represent the end points of a continuum. 1In
reality we find individuals widely distributed along the continuum; however,
throughout this report we will define the individual who tends to lie rela-
tively closer to the splitting end of the continuum as having an analytical
cognitive style while defining the individual who lies closer to the lumping
end of the continuum as having a global cognitive style.

The characteristic mode of cognitive functioning, with which the individ-
ual approaches most of his perceptual and intellectual tasks, is believed to
be a comﬁined product of experience and educational background. Thus, the
particular cognitive style of an individual is solidified over a long period
of time and is very difficult if not impossible to alter in anything less than
months of concentrated effort. "Individuals tend to develop in a direction
that is suited to some problem-types and less effective with others. Mature
and competent adults generally have an accurate sense of which situationms to

seek out and which to avoid. A particular cognitive style is neither good



nor bad; its effectiveness depends on the context within which the person
acts" (Ref 54, p 1).

Some implications of the cognitive style factor for information system
designers can be found in the results of recent research. Huysmans tested
the impact of cognitive style differences between the operations researcher
and the manager on the managerial implementation of operations research
recommendations, and he concluded that the cognitive style of the intended
user can operate as an effective constraint on the implementation of opera-
tions research recommendations (Ref 46). Doktor and Hamilton extended the
work of Huysmans by investigating '"the extent to which cognitive style dif-
ferences, as measured by written tests of perceptual functioning, account
for differential acceptance rates of written reports with contrasting pre-
sentation styles." They found that different reporting styles have dif-
ferent acceptance rates by individuals who possess a global or analytical
style. They claim that their results "highlight the potential influence
and importance of increased understanding of differential thought processes
in management science implementation" (Ref 27).

Mason and Mitroff in outlining "A Program for Research on Management
Informafion Systems" identify the psychological type of the decision maker
as one of the key variables that comprise an MIS. They discuss a person-
ality typology that is similar to the cognitive style types alluded to in
this report, and they state that 'what is information for ome type will
definitely not be information for another." They have commented that science
has tended to be a predominantly analytical activity. '"The result is that
the design of MIS has tended to reflect this orientation of their designers,
i.e., the designers of MIS have tended to project (or mistake) their domi-
nant psychological type (analytical) onto that of their clients. The con-
sequence has been the almost total neglect of MIS designed expressly for the
global type."1 Mason and Mitroff state that "there is a need for more
research on this important MIS variable" (Ref 63, pp. 478-479).

1Mason and Mitroff call the analytical type a Thinking-i3ensation type
and the global type a Feeling-Intuition type. This writer has replaced
Thinking-Sensation in the quote with analytical and Feeling-Intuition with
global in order to be consistent with preceding portions of this report.



The statement, that what is information for one type will definitely
not be Information for another, raises some questions concerning the appli-
cation of a Delphi type methodology to the problem of data base design.
Will the number of data items, submitted by potential users for inclusion
in a data base, be a function of their particular cognitive style? Will a
Delphi group composed solely of potential users who have a particular cog-
nitive style converge to a data base design that 1is significantly different
from that obtained with a Delphi group composed solely of potential users
with a different cognitive style? 1Is the manner in which Delphl groups are
structured, relative to cognitive style, likely to have an influence on the
data base design achieved? Answers to these questions was one of the pri-
mary objectives of the research effort that was carried out in the context
of actually applying a Delphi type methodology to the design of a highly

complex, real life data base.

Pavement Feedback Data System (PFDS)

Pavement Feedback Data System (PFDS) is an application of the con-
cepts and principles of MIS to the management of the highway pavement system
in the state of Texas. '"In a sentence, a PFDS is an automated system con-
taining select feedback data from actual in-service highway pavements, to
be used for research, design, and management functions" (Ref 83, p 6). The
idea behind PFDS is to supplement the pavement decision maker's judgment by
providing him with the best possible information regarding the pavement
with which he is working.

By capturing and storing data from in-service pavements as well as on
new construction, an inventory of the Texas pavement network can be
established in the form of a computerized data base resident on the Texas
Highway Department (THD) System 370 in Austin. Using the remote terminals
located in the District offices throughout the state, this information can
be fed back to District personnel either in the form of periodic and event
triggered reports or on demand from a query instigated at the District level.
It is intended that this information will supplement the pavement engineer's

judgment and assist him in making better pavement decisions. Data from the



improved pavements will be captured on a continuing basis and an iterative
feedback loop established which will eventually result in a substantial
improvement in the Texas highway network. Figure 1 illustrates the scope
and basic characteristics of the PFDS concept (Ref 83, P 4). The question
is what data should be captured and stored in the data base.

Although the cornerstone of a Delphi type methodology for data base
design 1s the fact that the potential users of the system determine the
contents of the data base, it is still possible to establish a priori
gross categories of data for the purpose of illustrating the scope of the

system. Four major categories, together with their sub-categories, can be
jdentified:

I. Locational Data

II. Design and Construction Data
Maintenance Data

ITI. Input to the Pavement
Traffic Loading
Climatic Input

IV. Performance Data

It is necessary to be able to accurately locate a particular point of
interest on the highway network and the locational data serves this pur-
pose. The design and construction data along with its sub-category of
maintenance data specifies the state of the pavement as it was built and
has been maintained. The input to the pavement, which consists of traffic
loading and climatic input then affects the manner in which the pavement
deteriorates over time. The foregoing variables go together to determine
the riding quality of the pavement, and performance data provides measures
of this variable. Figure 2 illustrates the interrelationship of the com-
ponents that make up the pavement management problem (Ref 83, p 28). '

In essence the end purpose of PFDS 1s to assist the pavement engineer
in predicting and managing pavement quality when faced with an exceedingly
large number of combinations of pavement variables. It is anticipated that
this purpose will be accomplished in two ways: (1) by immediately supple-
menting the judgment of the potential users in the field with accurate data,
and (2) by providing data on in-service pavements for on-going research on

pavement problems. The first use of PFDS parallels the traditional MIS
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approach, while the second use of PFDS is analogous to using the highway
gystem as a research laboratory. With such a laboratory available, more
precise identification and quantification of the interrelationships among
pavement variables is probable, and this added knowledge should fuel the
development of more refined computer models for pavement analysis. Thus
P¥DS is envisioned as having more than one type of user and more than one
function.
It is intended that, when operational, PFDS will be used by three

distinct groups within the THD, each of which "will have a different type

of information need:

(1) the District Engineer and his staff,
{(2) the administrative headquarters and divisions, and
(3) researchers" (Ref 83, p 85).

Within the above mentioned research category, it is anticipated that PFDS
will also be used by the THD's two cooperating research institutions,

Texas Transportation Institute (TTI) and Center for Highway Research (CFHR).
In addition to being accessed and updated by a diverse group of users, it

is expected that PFDS will provide information for use in several functional

areas, such as:

(1) Design

{(2) Maintenance

(3) Administration, and
(4) Research,

In this respect the PFDS data base is viewed as being a truly "common"
data base, and it is felt that the Delphi methodology proposed herein offers
a means for overcoming some of the many problems inherent in designing a
common data base in a complex situation such as PFDS.
One of the potential problems an information systems' designer faces
in attempting to develop a common data base like PFDS is the possibility of
overlooking the information needs of an important segment of the potential
users or even worse missing the real needs of the entire group. A Delphi
type methodology requires the involvement of the potential users of the
system, and assurance is thus obtained that their needs have been considered.
Examinations of the efforts of two other states in developing infor-

mation systems similar to PFDS, reveal other advantages for the application
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of the Delphi technique to the design of the PFDS data base.

The Wisconsin Department of Transportation designed and built their
Highway Network Data and Information (HNDI) System largely independent
of a specific group of users. When the system became operational, they
found that no user really existed and that the next necessary step was
thorough indoctrination of field personnel as to the scope, character,

and possible users of HNDI (Ref 83, p 8).

Identification of potential users and their indoctrination as to the scope
and character of the system are integral steps in the Delphi process of data
base design. Therefore, the problems faced by Wisconsin in attempting to
implement HNDI are automatically eliminated by use of the Delphi technique.
In addition, the participants in the Delphi process receive valuable train-
ing that is expected to facilitate their use of the system when it reaches
the operational stage.

Miller and Barrett while describing the implementation of the Florida
Department of Transportation's (FDOT) Multiproject Scheduling System (MPSS)
caution that it 1s important to avoid 'the appearance of something new being
'rammed down the throats' of the users." They state that

Quite the opposite feelings can be evoked by bringing the users on

board and giving them a strong voice in the system design process.

This is one area where the FDOT's design procedure could have been

improved. Some complaints of MPSS system users were centered around

the fact that the MPSS did not adequately fill their needs and it was
something being forced upon them which they had no control over.

This implies a certain amount of resentment due to non-participation
in the planning process (Ref 69, p 19).

Even though Miller and Barrett have failed to provide explilcit instructions
for a method that allows the participation they advocate, It is felt that
the Delphi methodology employed in the design of the PFDS data base ade-
quately accomplishes the spirit of their proposal. By having 241 potential
users from the THD, TTI, and CFHR take part in the Delphi project to design
the PFDS data base, it 1s anticipated that the FDOT's diffilculties with
implementation problems due to non-participation will be avoided. As was
previously mentioned, a further check on the Miller-Barreti proposal was
provided since one of the objectives of the PFDS design project was to
determine how the attitude of the potenfial users changed as a result of

participating in the data base design process.
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Rationale and Limitations

Heretofore, the data content of data bases has generally been deter-
mined by the systems analyst who has traditionally employed a variety of
techniques in arriving at his appraisal of what data items the data base
should contain. These techniques include, among others, interviews with
the potential users, decision level analysis, information flow analysis,
and input/output analysis. The specific technique or combination of
techniques that the analyst applies in any given situation is normally
dependent upon the analyst's judgment and personal preferences. Thus,
up until now, there has been a notable lack of systematic procedures for
determining what the content of a data base should be; and this lack has
created the potential for some serious problems resulting from the pos-
sibility of analyst bias.

By applying the systematic Delphi procedures, the opportunity for the
encroachment of analyst bias into the data base design is eliminated. In
place of this bias, the Delphi process provides a forum for the expression
of many seperate views regarding the data requirements. These views are
provided by the different disciplines that are brought to bear on each
data item. For example, in the design of the PFDS data base the separate
functions of Design, Maintenance, Research, etc. all provided different
prespectives in the consideration of each data item. It is through the
many separate views which Delphi brings to the problem that the validity of
the data content is guaranteed. The validity of the data content is
guaranteed either through the agreement of the potential users or through
the debate that takes place when the potential users are initially in dis-
agreement. The first type of guarantor is known as a Kantian Inquiring
System and the second type 1s known as a Hegelian Inquiring System (Ref 63,
pp 481-482). Both types of guarantors are well suited for ill-structured
problems; and as we have previously seen, most data base systems are
designed to cope with problems of an ill-structured nature.

A data base, in order to be effectively utilized, has to fit or match
the separate world views held by each of its users. The Delphi process
ideally provides the interaction that is necessary to bring about the
required synthesis of the separate perceptions held by each of the poten-
tial users. A priori it is better that this synthesis be achieved before
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the system is operational. Thus, theoretically, the Delphi process prac-
tically guarantees a better data base design than could be achieved by a
systems analyst. Furthermore, the Delphi process appears to be suitable
to a wide range of data base design situations.

Although Delphi appears to be applicable to a wide rznge of data base
design situations, there are probably limits as to how deeply involved the
potential users can be expected to become in the design process. It is
theorized that the degree of successful involvement is dependent on the
amount of education and experience the potential users have had with data
base systems prior to the design of the data base in question. After the
establishment of the objectives to be met by a new system, the steps in
designing the data base are roughly: (1) identification of information
needs and determination of how the information is to be ccllected, and
(2) classification of data items and development of the data structure.
Step 1 could be considered to be of a non-technical nature, in terms of
the potential user's view of the data base design process, while Step 2
could be considered more of a technical nature. It is expected that
Step 1 can be easily completed by the potential users; however, Step 2
may of fer more difficulty unless the potential users have been pre-
viously acquainted with data base concepts. For example, in the PFDS
data base design project, which will be described in subsequent chapters,
the potential users were not previously familiar with data base design
concepts; and trial efforts to solicit their help in one area of Step 2
proved to be futile. Until further research can be conducted with poten-
tial users who have had some previous experience with data bases, it should
be conservatively assumed that the Delphi methodology is limited to the
non-technical portion of the data base design process. Verification of
Delphi's potential in the non-technical area of data base design was one
of the research objectives of the study that will be described in subse-

quent chapters.

Summary of Research Objectives

Since the research effort described in this report covers several

specific objectives within the context of one experimental design, the
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following summary of the research objectives is included for the conven-

ience of the reader:

(1) To verify the applicability of a Delphi type methodology to the
problem of data base design by utilizing the method to determine
what the contents of the PFDS data base should be;

(2) To determine what influence, if any, cognitive style is likely
to have in a Delphi type methodology for data base design; and
in particular to determine:

(a) if the initial number of data items submitted by potential
users is a function of their cognitive style,

(b) 1f a Delphi group composed solely of participants with one
cognitive style will converge to a data base design different
from that of a Delphi group with participants who have a dif-
ferent cognitive style, and

(c) if the manmer in which Delphi groups are structured, relative
to cognitive style, is likely to have an influence on the
data base design achieved; and

(3) To verify the theoretical assumption that the attitude of the

participants toward the system will improve as a result of their
participation in the data base design process.

Scope of the Report

This report describes a research investigation conducted to determine
the influence of cognitive style in a Delphi methodology as it was applied
to the design of the PFDS data base. Theoretically the Delphi technique
holds great promise for overcoming some common problems faced by the infor-
mation system designer. By providing a suitable user-designer interface
the method allows the potential users to determine what the contents of
their data base should be. In addition, participation in the development
of the system is expected to bring about an improved attitude on the part
of the users toward the system. Verification of this potential, when the
method is actually applied in the context of designing a complex, real-life
data base was one of the primary objectives of the research effort that
is reported in the following chapters.

Chapter 2 presents a review of the literature, on the Delphi and cog-
nitive style concepts, that is pertinent to the application of these con-

cepts to the area of data base design.
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Chapter 3 discusses the modifications to Delphi that are required in
order to apply the method to the area of data base design. The PFDS
example is used to demonstrate the methodology, and a computer program for
processing the Delphi information flows associated with a data base design
effort is described. \

Chapter 4 presents the hypotheses of the study conceraing cognitive
style and participation. The chapter then describes the experimental
design which was used as a means of gathering the data to test these
hypotheses.

Chapter 5 discusses the criteria used in selecting the measurement
instrument for numerically assessing the cognitive style of the partici-
pants, and it describes the modification of an attitude scale that was
used to measure the participants' attitudes toward the system.

Chapter 6 analyzes the relationship that was discoverad between the
participants' cognitive styles énd their ability to articulate data items.

Chapter 7 presents a statistical method for testing the hypothesis
that Delphi groups composed of members with different cognitive styles will
converge to different data base designs. The results obtained from apply-
ing this test to the data gathered in the PFDS project are discussed.

Chapter 8 reports the investigator's subjective opinions, impres-
sions,>and observations of the Delphi process; and qualitative differences,
between the data base designs of different cognitive style groups, that
were observed in the PFDS project are discussed.

Chapter 9 examines the effect that participation in the PFDS data
base design process had on the attitude of the participants toward the
system and their participation in its development.

Chapter 10 presents the conclusions of the study along with recom-
mendations as to methods for applying the Delphi technique to the area of
data base design. Concomittantly recommendations are presented concerning
further research that would be beneficial in gaining additional understand-
ing of the methodology.



CHAPTER 2. REVIEW OF THE LITERATURE

In this chapter a review of the literature on the Delphi Technique and
Cognitive Style will be undertaken. In this review a brief history, tracing
‘the evolution of the two concepts, will be presented, even though an attempt
will be made to concentrate primarily on those aspects of the two concepts
that are pertinent to the use of the Delphi Technique as a method for data
base design. The pfocédures that are normally followed in administering
the Delphi Technique will be reported in order to obtain a clearer under-
standing of what, if anything, is likely to be sacrificed by modifying the
technique for use as a user-designer interface to determine what the con-
tents of a data base should be. The cognitive style concept is relatively
new and as such is not yet completely encompassed within one unifying theory.
There are many diverse dimensions to the concept, and this literature review
will examine some of these dimensions in order to provide a foundation for
the selection of a dimension that is relevant to the task of data base
design.

Delphi

"Project Delphi" is an intermittent but ongoing effort of the Rand
Corporation which is 'concerned with the problem of using group information
more effectively, The early studies were concerned mainly with improving
the statistical treatment of individual opinions. . . . In 1953, Dalkey
and Helmer introduced an additional feature, namely iteration with controlled
feedback. The set of procedures that have evolved from this work has
received the name Delphi" (Ref 19, p 20). '"Its object is to obtain the most
reliable consensus of opinion of a group of experts., It attempts to achieve
this by a series of intensive questionnaires interspersed with controlled
opinion feedback." The technique "involves the repeated individual question-
ing of the experts (by interview or questionnaire) and avoids direct con-

frontation of the experts with one another" (Ref 22, p 458).

17
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By obviating the necessity for face-to-face discussion, which is the
traditional way of pooling individual opinions, Delphi is able to circumvent
some serious difficulties that are inherent in face-to-face interaction such

as committee meetings. The most serious of these difficulties probably
include:
(1) The spurious influence of a high status individual on the group—-

here the status of an individual, which is often unrelated to his

expertise on the question at hand, is given undue consideration in
a face-to-face discussion.

(2) Ego commitment--after openly committing himself to a particular posi-
tion, the individual is less likely to respond to facts and opinions
advanced by other members of a face-to-face discussion group.

(3) Group pressure for conformity--in a face-to-face situation the indi-

vidual encounters great pressure to jump on the bandwagon and join
the group.

Delphi's elimination of the disadvantages inherent in a face-to-face encoun-
ter allows a group to reach a less emotional and more reasoned consensus of
opinion.

It is presently standard procedure to have one or two systems analysts
develop a data base design; and this tradition, of avoiding the direct
involvement of a large number of the potential users probably stems in part
from the problems inherent in face-to-face encounter. Delphi offers a means
of avolding the problems associated with face-to-face encounter, but the
primary question is can anything be gained by bringing more people into the
process. Dalkey indicates that the answer should probably be in the affirma-
tive. He postulates what he calls the '"n-heads rule,” i.e. n heads are better
than one. He states

The basis for the n-heads rule is not difficult to find. It is a tau-
tology that, on any given question, there 1s at least as much relevant
information in n heads as there is in any one of them. On the other
hand, it is equally a tautology that there is at least as much misinfor-
mation in n heads as there is in one. And 1t 1is certainly not a tau-
tology that there exists a technique of extracting the information in n
heads and putting it together to form a more reliable opinion. With a
given procedure, it may be the misinformation that is being aggregated
into a less reliable opinion. The n-heads rule, then, depends upon the
procedures whereby the n heads are used.

Dalkey goes on to point out that in the case of numerical estimates,

the probability that the median 1s at least as close to the true
answer as any individual response is at least one half; for the mean,
the error of the mean (measured by the distance to the true answer)
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is less than or equal to the average error of the individual answers.

These two criteria are not equivalent, and for different decision

situations one or the other could be more appropriate (Ref 19, p 16).

A set of experiments was conducted, at Rand, to examine the "dependence
on group size of the mean accuracy of a group response" (Ref 19, p 17).
Figure 3, from a Rand paper by Dalkey et al, presents the data obtained from
these experiments. The data was developed from a large set of answers
groups gave to factual questions where the answers were known to the experi-
menter but not the subjects. "The curve was derived by computing the average
error of groups of various sizes where the individual answers were drawm
from the experimental distribution.--The group error is the absolute value
of the natural logarithm of the group median divided by the true answer."
Dalkey comments that

It is clear from the figure that with this population of answers, the

gains in increasing group size are quite large. It 1is interesting

that the curve appears to be decreasing in a definite fashion, even

with groups as large as twenty-nine. This was the largest group size

we used in our experiments (Ref 19, p 17).
In discussing the use of this data for determining what constitutes a sub-
stantial size group in regard to expected accuracy, Dalkey et al state that
the appropriate size "is not sharply determined by the curve." They
"gselected 7 as the lower limit on the grounds that it was roughly in the
middle of the 'knee' of the curve" (Ref 20, p 6).

Dalkey brings out another facet of the influence of group size when
he discusses reliability.

Another important consideration with respect to the n-heads rule has

to do with reliability. The most uncomfortable agpect of opinion

from the standpoint of the decision maker 1is that experts with )

apparently equivalent credentials (equal degrees of expertness) are

likely to give quite different answers to the same question. One of

the major advantages of using a group response is that this diversity

is replaced by a single representative opinion. However, this feature

is not particularly interesting if different groups of experts, each

made up of equally competent members, come up with highly different

answers to the same question.
Using the same data obtained in the experiments on accuracy as a function
of group size, a curve was constructed by the Rand group which shows the
relationship between reliability and group size. This curve is reproduced

in Figure 4.
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It was constructed by selecting at random pairs of groups of respondents
of various sizes and correlating the median responses of the pairs on
twenty questions. The ordinate 1s the average of these correlationms.

It is clear that there is a definite and monotonic increase in
the reliability of the group responses with increasing group size. It
is not clear why the relationship is approximately linear between n=3

and n=11.

In commenting on the results of these experiments Dalkey concludes
that "in the area of opinion, then, the n-heads rule appears to be justi-
fied by considerations of both improved accuracy, and reliability" (Ref 19,
pp 18-19). This information on the effect of group size will be referred
to in Chapter 4 which develops the experimental design for testing hypoth-
eses regarding the influence of cognitive style in the data base design
process,

The 1953 study, in which Dalkey and Helmer initially introduced the
feature of iteration with controlled feedback, is interesting both from a
historical perspective and also for the many facets of the technique that
it presents. '"The experiment was designed to apply expert opinion to the
selection, from the viewpoint of a Soviet strategic planner, of an optimal
U.S. industrial target system and to the estimation of the number of A-bombs
required to reduce the munitions output by a prescribed amount™ (Ref 22,
458).

Seven experts participated, responding to five questionnaires sub-

mitted at approximately weekly intervals. The first questionnaire

was followed by an interview in which each respondent was asked to
reproduce the reasoning by which he arrived at an estimate of the
number of bombs and to show the component breakdown by industries.

The third also was followed by an interview for the clarification of

ambiguities. The cholces of target systems were quite distinct, the

only common feature being the inclusion of the steel industry in
each., The numerical quantity being estimated showed considerable -
convergence. The ratio between the largest and smallest response

was about 100 to 1 on the initial round but had dropped to about 3

to 1 on the final round (Ref 6, p 9).

This example illustrates three of the basic features of Delphi: "(1)
Anonymity. The opinions of the group are recorded separately--usually by

questionnaire--and when communicated to other members of the group are

not attributed to specific individuals. (2) Controlled feedback. An

exercise is conducted in several rounds in which the opinions generated

during one round are fed back to the group on the next round, usually in
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the form of statistical summaries. (3) Statistical group response. The

'group opinion' is expressed in terms of a statistical score--the median
of final responses has proved to be most suitable for numerical estimates.

There is no pressure to arrive at a 'consensus'" (Ref 18, p 4).

Anonymity, effected by the use of questionnaires or other formal com=-
munication channels, such as on-~line computer communication, is a way
of reducing the effect of dominant individuals. Controlled feedback--
conducting the exercise in a sequence of rounds between which a summary
of the results of the previous round are communicated to the partici-
pants--is a device for reducing noise. Use of a statistical defi-
nition of the group response is a way of reducing group pressure for
conformity; at the end of the exercise there may still be a signifi-
cant spread in individual opinions. Probably more important, the
statistical group response is a device to assure that the opinion of
every member of the group is represented in the final response.

Within these three basic features, it is, of course, possible to have
many variations.

There are several properties of a Delphi exercise that should be
pointed out. The procedure is, above all, a rapid and relatively
efficient way to '"cream the tops of the heads" of a group of knowledge-
able people. In general, it involves much less effort for a partici-
pant to respond to a well-designed questionnaire than, for example,
to participate in a conference or to write a paper. A Delphi exercise,
properly managed, can be a highly motivating environment for respondents
The feedback, if the group of experts involved is mutually self-
respecting, can be novel and interesting to all. The use of systematic
procedures lends an air of objectivity to the outcomes that may or may
not be spurious, but which is at least reassuring. And finally,
anonymity and group response allow a sharing of responsibility that is
refreshing and that releases tlhre respondents from social inhibitions
(Ref 19, p 21).

Another aspect of Delphi that is demonstrated in the U.S. industrial
target system example is the method's ability to come to grips with prob-
lems that involve uncertainty and value judgments. Dalkey states that "in
those cases where a group of knowledgeable individuals reports a wide
diversity of opinion, it would seem that in the majority of cases no one
knows the answer. 1In fact, the diversity of opinion is a relatively good
measure of the degree of lack of knowledge concerning the question."

The first basic consideration in the Delphi approach, then, con-
sists in recognition of the high degree of uncertainty that surrounds
important questions——especially questions with value content--and
relaxing the desire to find the so-called right answer. It then
becomes meaningful to ask how the diversity of information that leads

to disagreement within the group can be amalgamated to lead to the
best available answer to the question. Actually, even this weaker



24

aim is too strong at present. There are many features of the judg-
mental process which we understand too poorly to define best, much
less specify practical rules for attaining it. At present we are
limited to rules for finding better answers to uncertain questions

(Ref 19, p 4).

Since a data base is customarily used at some future time, by some unde-
termined group of people, as an aid in making some as yet unspecified deci-
sion; uncertainty is inherent in any attempt to determine what the contents
of the data base should be. As will become clearer when the cognitive
style concept is reviewed in greater detail later in this chapter, there
are also innate differences of opinion or different value judgments amongst
different users as to what types of information may be important even if
all of the above uncertainties were completely specified. If the Delphi
approach is in fact capable of producing better answers than other known
methods when dealing with problems involving uncertainty and value judg-
ments, this is a significant recommendation for the consideration of the
use of the technique as a method for data base design. Throughout the
remainder of this section, which reviews the literature on Delphi, evi-
dence will be presented that will undoubtedly lead the reader to conclude
that such a recommendation is indeed warranted.

In order to investigate the question of whether "the use of iteration
and controlled feedback have anything to offer over the 'mere' statistical
aggregation of opinions,'" an extensive series of experiments has been con-
ducted at Rand. A secondary objective of these experiments was '"'to get
some measure of the value of the procedures, and also to obtain, as a basis
for improving the procedures, some insight into the information processes
that occur in a Delphi exercise.'" In discussing one set of these experi-
ments Dalkey has stated that

We used upper-class and graduate students, primarily from UCLA, as

subjects. They were paid for their participation. For subject

matter we chose questions of general information, of the sort con-
tained in an almanac or statistical abstract. Typical questions were:

"How many telephones were in use in Africa in 1965?" "How many

suicides were reported in the U.S. in 1967?" "How many women marines

were there at the end of World War II?" This type of material was
selected for a variety of reasons: (1) we wanted questions where the
subjects did not know the answer but had sufficient background infor-

mation so they could make an informed estimate; (2) ws wanted ques-
tions where there was a verifiable answer to check thz performance of
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individuals and groups; and (3) we wanted questions with numerical
answers so a reasonably wide range of performance could be scaled.
As far as we can tell, the almanac type of question fits these cri-
teria quite well. There is the question whether results obtained with
this very restricted type of subject matter apply to other kinds of
material. We can say that the general-information type of question
used had many of the features ascribable to opinion: namely, the
subjects did not know the answer, they did have other relevant infor-
mation that enabled them to make estimates, and the route from other
relevant information to an estimate was neither immediate nor direct.
The general outcome of the experiments can be summarized roughly
as follows: (1) on the initial round, a wide spread of individual
answers typically ensured; (2) with iteration and feedback, the distri-
bution of individual responses progressively narrowed (convergence};
and (3) more often than not, the group response (defined as the
median of the final individual responses) became more accurate., This
last result, of course, is the most significant. Convergence would
be less than desirable if it involved movement away from the correct
answer (Ref 19, pp 21-22).

In discussing this same set of experiments, in a different reference,
Dalkey has made the additional comment that the principle decrease in the
spread of opinions occurs between the first and second rounds, and he

states

We have concentrated on the closed information case; i.e., during the
exercise, no new information concerning the subject matter is intro-
duced into the group. Even in this case, the accuracy of the group
response increases with iteration--rather like lifting itself by its
logical bootstraps on the part of the group (Ref 18, p 5).

In order to extrapolate the findings of the above described set of
experiments that dealt with factual data, i.e. almanac type questions, to
the area of opinion and value judgments; the Rand group established three
conditions "as a partial definition of the term group judgment for value

questions.”

(1) Reasonable distributions. If the distribution of group responses
on a given numerical value judgment is flat, indicating group
indifference, or if it is U-shaped, indicating eilther that the
question is being interpreted differently by two subgroups, or
there is an actual difference of assessment by two subgroups,
then it seems inappropriate to assert that the group considered
as a unit has a judgment on that question.

(2) Group reliability. Given two similar groups (e.g., two groups
selected out of a larger group at random) the group judgments on
a given value question should be similar. Over a set of such value
judgments, the correlation for the two subgroups should be high.
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(3) Change, and convergence on iteration with feedback. This con-
dition is proposed in part by analogy with results from experiments
with factual material, that is, shifts of individual responses
toward the group response and reduction in group variability.
More generally, if members of the group do not utilize the infor-
mation in reports of the group response on earlier rounds when
generating responses on later rounds, it seems inappropriate to
consider these responses as judgments.

The Rand group then, in another set of experiments, applied the three
criteria "to value judgments by university students conceraing the objectives
of a higher education and the objectives of everyday (individual) life."

The students generated a list of objectives for these two areas, and

rated them on a scale of relative importance. Three different rating

methods were employed in order to test both group reliability and
stability over scaling technique. Ratings were obtained on each of
two rounds, where the results of the first round (the median and
upper and lower quartiles of the responses) were fed back between
rounds. The data generated by the value judgments satisfied the
three criteria to about the same degree as corresponding data from
similar groups making factual estimations. In short, the cutcome of
these experiments appears to be that the Delphi procedures--as far as
we can evaluate them at present--are appropriate for generating and

assessing value material (Ref 19, p 57).

In a series of experiments conducted by Robert M. Campbell (Ref 10)
the Delphi Technique was compared to traditional methods of integrating
group opinion. Campbell used students from two graduate seminars in
business forecasting at UCLA. The two sections were each randomly divided
into two groups. One group of students from each of the two sections were
asked to predict sixteen economic indicators a quarter in advance. The two
groups were allowed to interact freely amongst themselves and use any
methods they felt appropriate in arriving at a group estimate. These two
groups were designated as the traditional groups. The remaining two groups
were also asked to predict the same indicators, but were required to use
the Delphi process in making their predictions. Four rounds of the Delphi
process were conducted over a six week period, and in thirteen cases the
Delphi process proved to be more accurate. The normal forecasting tech-
niques, carried out in the context of face-to-face interaction, were more
accurate in only two cases. Similar studies at Rand have confirmed this

highly favorable result (Ref 19, p 24).
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In the case of data base design we are not only concerned with perfect-
ing a method that will tap the expertise of the most knowledgeable people,
i.e., the potential users, but we are also concerned with the possible
effect that such participation may have on the attitude of the users toward
the system. In this vein, Dalkey comments that he believes the features of
a Delphi exercise are desirable especially "where group acceptance is an
important consideration" (Ref 19, p 21). 1In another instance he says

I can state from my own experience, and also from the experience of

many other practitioners, that the results of a Delphi exercise are

subject to greater acceptance on the part of the group than are the

consensuses arrived at by more direct forms of interaction (Ref 17,

p17).

The self rating aspect of the Delphi method is also worthy of brief
mention because it is used in the Delphi type methodology for data base
design that is proposed in the next chapter. O0laf Helmer discusses the
self-rating concept.

A refinement which has already been successfully tested is that of

attributing differential weights to the opinions of different experts.

Clearly, if it were easy to measure the relative trustworthiness of

different experts, we would give greatest weight to the opinions of

those who are most trustworthy. In the absence of objective mea-
surements to this effect, we have examined the possibility of relying
instead on the experts' subjective self-appraisal of their own com-

petence, and found this quite promising (Ref 43, p 7).

In addition to providing the ordinary information required by the Delphi
process, the participants are also asked to rank the items under considera-
tion with respect to the competence that they have in making their judg-
ment. This ranking is best thought of as an index of self-confidence or
self-rated competence in regard to each particular item. The Rand experi-
ments alluded to by Helmer required each participant to provide a self-
rating, "based on a scale of 1, 2, 3, or 4," which indicated "an evaluation
of his own degree of expertise on each question'" (Ref 7, p 4). Then,
instead of ﬁsing the median as the group consensus, as is common at Rand,
"only the responses of those individuals were taken who had ranked their
competence regarding that index relatively most highly; and the median

of just these forecasts was then used as the group consensus. It subse-

quently turned out that this select median, compared to the median of all



28

responses, was closer to the true value in two thirds of the cases" (Ref 43,
P 8).

Examination of the various aspects of the Delphi procass, that are
reviewed above, led this writer to conclude that a Delphi type methodology
is, in theory, highly suited to the problem of data base design. The
remaining chapters in this report discuss an experiment, to test this
theory, that was conducted within the context of applying Delphi to the
design of a highly complex, real life data base. The cognitive style of
the participants in a data base design process was viewed as being a pos-
sible factor that might influence the manner in which Delphi groups should
be structured; therefore, the next section of this review examines the

cognitive style concept.

Cognitive Style

Michael Wallach comments that "the word style has entered psychology's
technical vocabulary to signify certain kinds of generality--that someone
who reacts in one manner in one situation will react in a particular char-
acteristic way in another" (Ref 67, p 199). Thus, the designation cognitive
style refers to the application of the style concept to individual consis-
tencies in certain cognitive areas, such as perception and intellectual
functioning. By concentrating on the perceptual organization and adapta-
tion aspects of cognitive functioning, it is possible to generate a defi-
nition of cognitive style germane to the central focus of this study, i.e.
the design of data bases for information systems. Cognitive style can be
defined, for our purposes, as the self consistent manner in which an indi-
vidual extracts information from his environment and uses this information
in his problem solving and decision making activities.

Some of the possible implications that cognitive styl: holds for the
design of information systems can be found in the work of Huysmans and also
in the work of Doktor and Hamilton that werereferred to briefly in Chapter 1.
Huysmans conducted a laboratory experiment in which he investigated the
factors that influence managerial implementation behavior in regard to
operations research recommendations. In particular he was concerned with
"the difference in cognitive styles between manager and oparations researcher"

(Ref 46, p 92). Huysmans' experiment was conducted in "the format of a



29

business game in which one 'president' and four 'managers' made fimancial,
pricing, production, and purchasing decisions for a hypothetical firm during
several 'decision periods'" (Ref 46, p 94). The four managers, whose roles
were simulated, presented advice to the president who was solely responsible
for making the decisions for the firm. The president's role was the only
role filled by an experimental subject. These subjects were selected from
MBA students at the University of California at Berkeley,

The experimental subjects were classified into the two categories of
analytic or heuristic according to their predominant ways of reasoning.

The analytic type 'reduces problem situations to a core set of underlying
causal relationships. All effort is directed towards detecting these rela-
tionships and manipulating the decision variables (behavior) in such a
manner that some ‘optimal’' equilibrium is reached with respect to the objec-
tives. A more or less explicit model, often stated in quantitative terms,
forms the basis for each decision." The heuristic type "emphasizes workable
solutions to total problem situations. The search is for analogies with
familiar solved problems rather than for a system of underlying causal rela-
tionships, which is often thought 1llusory. Common sense, intuition, and
unqualified 'feelings' about future developments play an important role to
the extent they are applied to the totality of the situation as an organic
whole, rather than as bullt up from clearly identifiable separate parts.

It is extfemely difficult, if not impossible, to uncover the mechanisms

that lead to a decision under hueristic reasoning. The resulting decision,
however, can be characterized by its emphasis on consistency with its inter-
nal and external enviromment in contrast with the decision of an amalytic
reasoner which emphasizes optimality" (Ref 46, pp 94-95).

The experimental subject, who was unaware of the true nature of the
research effort, was presented with an operations research recommendation
based on "an extended version of the 'newsboy' problem” which was applicable
to the decisions the hypothetical president was being asked to make. The
recommendation was not identified as an operations research proposal.

Two different implementation strategies--one aimed at gaining the
subject's "explicit," the other at gaining his "integral," understand-
ing of the operations research proposal--were expressed through two

versions of the simulation rules that governed the accounting manager's
communications. Both versions contained sufficient and similarly
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presented arguments to enable the "president" to gain a general appre-
ciation for, and an integral understanding of, the research done. The
only essential difference between the versions consisted of the inclu-
sion of formulas to support the research findings when the "explicit-

understanding" approach was used (Ref 46, p 96).

"A subject's adoption/rejection behavior with respect to the OR recommenda-
tions was measured largely on the basis of his marketing and production
decisions" (Ref 46, p 96).

It was found that analytic subjects reached a higher degree of imple-
mentation than heuristic subjects when the accounting manager used the
"explicit-understanding" approach in presenting the operations research
proposal. It was also found that the heuristic and analytic subjects who
received the "integral-understanding' approach reached a higher degree of
implementation than the heuristic subjects who received the "explicit-
understanding" approach. From the results of this research, Huysmans con-

cluded that

(a) Cognitive style may operate as an effective constraint on the
implementation of operations research recommendations

(b) The operations researcher may achieve implementation by taking
this implementation constraint into account in his research strategy

(c) When the cognitive-style propensities of operations researcher
and manager do not agree, the manager may discard the operations
researcher completely as a source of information: A research recom-
mendation will not be implemented no matter how persuasive and
intuitively appealing the operations researcher's arguments may be,
simply because the manager has no serious intention of considering it
in the first place (Ref 46, p 101).

Following the lead of Huysmans, Doktor and Hamilton conducted an experi-
ment "to examine the effects of cognitive style on the managerial acceptance
of management science recommendations presented in written form." The
subjects in the experiment were classified along the field independence/
dependence dimension of cognitive style through the administration of a
paper and pencil test that was modified from Witkin's original Embedded
Figures Test.l The subject (S) "was then asked to read a simple business

case which was adapted from one used by Huysmans."

lThe work of Witkin and his associates, in identifying and developing
the field independence/dependence concept, will be discussad in a subsequent
part of this section.
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S was asked to assume the role of top management in the case situation.
Next, S was presented with one of two versions (R] or R3) of a "consul-
tant's report". R; and Ry were distributed alternately among S accord-
ing to rank on the Witkin test. After considering the report, S was
asked to record on a simple questionnaire whether or not he would
accept the consultant's recommendations.

The consultant's reports contained identical analyses of the case
problem and the same recommended solution, but differed in organiza-
tion and presentation style. The major differences in the formats of
the two reports can be summarized as follows:

Report 1 (analytic) Report 2 (general)
(1) Problem Review (1) Recommendation
(2) Alternatives (2) Benefits

(3) Choice Criterion (3) Alternatives

(4) Evaluation (4) Evaluation

(5) Recommendation (5) Problem Review
(6) Benefits (6) Choice Criterion
(7) Appendix (7) Appendix

The appendix of R; contained only data tables, while the appendix of
R9 also included all mathematical details (e.g., the regression model)
involved in the analysis. In addition, Ry was organized with numerous
subheadings. The style of organization of R] was classified as ana-
lytic and, like Huysmans' explicit treatment condition, Ry contained
formulas in the main body of the report. The style of Ry was classi-
fied as general. It is the style often suggested by management con-
sultants in order to achieve "more effective implementation'" (for
example, see Neuschel [13]). Like Huysmans' implicit treatment con-
dition, Ry contained no formulae or other technical material in its
main body, leaving such "mathematical details" to the appendix (Ref 27,
pp 888-889).

Doktor and Hamilton's experimental subjects were drawn from two separate

populations: (1) graduate business students from an introductory MBA

course at the Wharton School, and (2) practicing managers attending a "volun-

tary, one-day seminar on implementation problems in the management sciences."

The availlability of both graduate business students and practicing managers

for inclusion in the same experiment was a fortuitous occurrence in regérd

to the results that were obtained.

Although limited sample sizes did not allow detailed evaluation of the
results, it was demonstrated that managerial acceptance behavior is
influenced by the style of presentation of management science recom-
mendations. Different reporting styles were observed to have different
acceptance rates. Further, when sample sizes were expanded through
use of student subjects it became apparent that different cognitive
styles ylelded different acceptance rates for the two presentation
styles under study.

The results also indicate that the use of student surrogates-—-
even graduate business student surrogates—-in experiments involving
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managerial decision-making behavior can be misleading. When a sub-

sample of the student group was matched to the Witkin scores of the

manager group, the students showed a significantly greater propensity
to accept a report independent of 1its style. This challenges the
validity of generalizations from the behavior of MBA student subjects

to the behavior of managers a not uncommon practice in management

research. . . . This clearly suggests a need to replicate previous

experiments which have 1nvestigated managerial behavior using student
subjects. Such replications should, of course, emplov practicing
managers as subjects. Furthermore, caution should be exercised in
applying principles derived from the generalizations of these earlier
experiments until the results of the replications have been reported

and analysed (Ref 27, pp 891-892).

The results of these two studies tend to indicate that cognitive style
could act as a possible influence in the design of data bases for information
systems. For example, the successful implementation of dai:a base systems
might be retarded by a fallure to include certain categories of data that
those individuals with particular cognitive styles might prefer. The
experimental effort described in this report examines this type of possi-
bility in the design of a data base for an actual organizarion. Managers
from all levels within the Texas Highway Department particilpated in a
Delphi process to design the Pavement Feedback Data System (PFDS) data base,
and the Delphi groups in which these individuals participa:ed were struc-
tured relative to a dimension of cognitive style. Therefore, in this section
a review of the cognitive style literature will be undertaken with the
objective of presenting, in a highly summarized form some of the many diverse
dimensions that have characterized the development of the concept. The
cognitive style dimension that was selected for use in the PFDS data base
design project will be discussed in more detail in Chapter 5, Measurement
Instruments.

Heinz Werner, in his foreword to Witkin et al (Ref 91), attempts to
offer a historical perspective on the development of the cognitive style con-
cept. He states that

The beginnings of these investigations can be traced back to the
work of Gestalt psychologists who were in constant search for percep-
tual situations that would demonstrate the dependency of perceptual

properties of parts of the field on the (visual) field structure as a

whole. In exploring such situations involving the perceptual property

of the "upright" and using (in collaboration with Dr. Asch) the famous

mirror set-up of Wertheimer, Witkin soon discovered that neither the
interpretation in terms of universal visual Gestalt principles, such
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as that of part-whole relation, nor the interpretation in terms of
postural factors (Gibson) suffices to account fully for the behavioral
effects in the subjects. Moving away from an orthodox Gestalt-view
as one "encapsulated within the organism'" (Brunswik), Witkin showed
that a rather satisfactory explanation could only be attained through
an analysis in terms of individual differences (Ref 91, p vii).

The individual differences observed were "that people differ in the way they
orient themselves in space." In addition it was found "that the way in
which each person orients himself in space is an expression of a more general
preferred mode of perceiving which, in turn, is linked to a broad and varied
array of personal characteristics involving a great many areas of psycho-
logical functioning” (Ref 91, p 1). Thus, Witkin and his coworkers, with
their identification of the two individual modes of perception they labeled
field-dependent and field-independent (Ref 90), established the first cog-
nitive style dimension.

Witkin and his coworkers, in discussing the concept of a general pre-

ferred mode of perceiving, state that

The scope of individual consistency in this respect is suggested
by a brief consideration of some of the attributes of people who show,
in their orientation, what we call a "field-dependent'" way of per-
ceiving. This kind of orientation, observable in any of a series of
tests devised for our early studies, may be illustrated by performance
in the rod-and-frame test. The subject in this test sits in complete
darkness, facing a luminous rod surrounded by a luminous frame. Rod
and frame can be independently tilted, to one side or the other; the
subject sees them first in tilted positions. Then, while the frame
remains tilted, he moves the rod (through his directions to the
experimenter) until it appears to him that it is vertical. Some sub-
jects tip the rod far towards the angle of tilt of the frame in order
to perceive it as upright, thus determining its position mainly in
relation to the visual field that immediately surrounds it. Here and
in other perceptual situations these subjects find it difficult to
overcome the influence of the surrounding field or to separate an item
from its context. It is because of this characteristic that their
perception has been designated field dependent. Other subjects, in
contrast, are able to bring the rod close to the true upright, per-
ceiving it independently of the surrounding field and determining its
location with reference to body position. In perceptual situations
generally, such people are able to distinguish an item from its context.
Their perception is field independent. In the general population per-
formances reflecting the extent of people's field dependence or inde-
pendence are ranged in a continuum rather than falling into two distinct
categories. . .

Field-dependent people take a rather long time to locate a familiar
figure hidden in a complex design. Because they are less likely to
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attempt to structure ambiguous stimuli, as Rorschach inkblots, they
usually experience such stimuli as vague and indefinite. They often
find difficulty with the block-design, pilcture~completion, and object-
assembly parts of standard intelligence tests. Yet, they are no dif-
ferent from more field-independent people on other portions of intelli-
gence tests which require concentrated attention; and they may even do
better on portions concerned with vocabulary, information, and compre-
hension. They are also not different from field-independent people in
the ability to learn new material. In Duncker's well-known insight
problems they may not readily see alternative uses for items serving a

familiar function (Ref 91, pp 1-2).

They also point out that people who demonstrate "a predominantly field-
independent way of perceiving present a direct contrast in many of these
attributes" (Ref 91, p 3).

In order to overcome the difficulty involved in administering the rod-
and-frame test to large numbers of subjects, Witkin and his associates
developed a paper and pencil test to measure the field/dependence-
independence concept. "The subject's task is to find a particular simple
figure within a larger complex figure. The figures which make up the test
were selected from those developed by Gottschaldt (1926) for his study of
the role of past experience in perception" (Ref 91, p 39). This test is
called the Embedded Figures Test, and a modified version of the original
test was used by Doktor and Hamilton in their study.

Both the rod-and-frame test and the embedded figures test have the
common property that they require the subject to “"keep an item separate from
a field or embedding context, The item might be . . . a stick in the rod-
and-frame test, or a geometrical figure in the embedded figures test."

In these situations, for the relatively field-dependent subjects,

object and field tend to "fuse," so that the separation called for by

the task cannot easily be made. In this sense, the more field-
dependent subjects' experience can be characterized as global, In
contrast, the performance of a relatively field-independent person,

who 1s able to keep object and field separate, can be termed analytical.

It should of course be noted again that the terms 'global" and "ana-

lytical" refer to extremes of a dimension represented by a continuous
distribution of scores on perceptual tests (Ref 67, p 172).

"The global vs. analytical style of experiencing . . . extends to a wide

' and "thus becomes a designation for a cog-

variety of intellectual tasks,'
nitive style which expresses itself in both perceptual and intellectual

functioning" (Ref 67, pp 173-174).
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Other investigators, subsequent to Witkin, have identified additional
"cognitive controls," and the global vs. analytical mode of cognitive style
can be viewed as one of several dimensions of the cognitive style concept.
A couple of these other dimensions will be briefly reviewed in order to
present the reader with an opportunity to gain some insight into the com-
plexity and lack of a unifying theory that characterizes the present rudi-
mentary state of the cognitive style concept.

"The Leveling-Sharpening principle is currently defined in terms of
individual consistencies in the degree to which new experiences interact
or 'assimilate.' Subjects at the sharpening end of the continuum are those
who show a minimum of such mutual assimilation, subjects at the leveling
end show relatively great assimilation" (Ref 67, p 195).

"The Scanning principle was originally inferred primarily from indi-
vidual consistencies in response to size-estimation tests. The individual
consistencies observed in simple size judgments also seemed apparent, how-
ever, in other situations tapping the extensiveness with which persons
sample both external stimuli and internal memory schemata under relatively
'free' conditions. Some persons seem to sample extensively, whether or not
this degree of sampling is necessary for effective performance in the task
at hand. Such sampling may even be a handicap under certain circumstances
in that it increases decision time. Others seem to attend primarily to
'dominant' objects in the field and in other ways to scan in a relatively
restricted manner" (Ref 67, p 191).

A recent research effort has been made by a research group working
under Professor James McKenney at the Harvard Business School to develop
a unified model of cognitive style. Peter Keen, one of McKenney's associ-
ates in the project has commented that

theories of cognitive style all have the distinctive weakness of

locality; in some cases all they really show is that subjects do well

or badly on the tests used to identify the specific styles. Equally

important is the general tendency for models of style to postulate a

single dimension with positive-negative poles. . . . The weakness of

any uni-dimensional model of human thought processes is simply that

it seems unlikely that it can do justice to the complexity of human

thinking. To fit the immense range of capacity and responses that any

capable adult demonstrates over a variety of settings into a single

polarized dimension is inevitably to limit the applicability of the
model in question (Ref 54, Chap 1, p 12).
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The Harvard group postulates a model of cognitive style composed of
two 'relatively separable factors, information-gathering and information-
evaluation." The model "defines the information-gathering dimension in

terms of two extremes of behavior, Receptive and Preceptive."

'Preceptive' individuals tend to bring to bear concep:s that they use
to filter data; they focus on patterns of information, look for devia-
tions from or conformities with their expectations. Their precepts
act both as cues for information-gathering and as heuristics for cata-
loguing what they find. By contrast, the 'Receptive' thinker is much
more sensitive to the stimulus itself. He will focus on detail rather
than on pattern and tries to derive the implications of the data from
direct examination instead of from its fitting his precepts. Each
mode has advantages in specific situations; equally, each includes
risks of overlooking the potential meaning of data. 'The Preceptor too
easily ignores relevant detail while the Receptor may fail to shape
detail into a coherent whole. In management positions the Receptor
may be most successful in tasks such as auditing and rhe Preceptor in
many marketing and planning roles.

The second dimension of style, information-evaluation, refers to
processes commonly subsumed under the term 'problem-solving'. Indi-
viduals differ both in how they use data in reaching a decision and in
the sequence of their analysis. These differences are most pronounced
in relation to planning. The model argues that 'Systematic' thinkers
tend to approach a problem by structuring it in terms of some method
which if followed through leads to a likely solution, while 'Intuitive'’
individuals usually avoid committing themselves in this way; their
approach is much more one of hypothesis-testing and trial-and-error.
They are much more willing to jump from one method to another, to
discard information and to be sensitive to cues that they may not be
able to identify verbally. Here again, each mode of evaluation has
risks and advantages. In tasks such as production management a System-—
atic individual can develop a method of procedure - a program - that
utilizes all his experience. By contrast the Intuitive is often better
able than the Systematic to approach ill-defined problems where the
volume of data, the criteria for action or the nature of the problem
itself do not allow the use of any predetermined plan (Ref 54, Chap 2,
pp 1-2).

Figure 5 presents a paradigm of the cognitive style model developed by
the Harvard group. The vertical axis reflects the information gathering
dimension of the model, while the horizontal axds presents the information
evaluation dimension. A particular cognitive style is defined by the quadrant
in which the individual's style falls, e.g. Systematic-Receptive or Intuitive-
Preceptive.

Keen discusses the impact that cognitive style research is likely to

have on the area of information systems design. He states that 'one long-term
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Fig 5. A model of cognitive style (after Keen, Ref 54).
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output of the cognitive style research may well be a taxoncmy of informa-
tion.” He feels that the organization's '"MIS acts as a cognitive filter,
selecting and organizing data from the environment. The computer system
which generates the information explicitly uses concepts of what data is
relevant, how it should be formatted, etc.'" 1If the fit between the user's
cognitive style and the information contained in and output from an MIS is
not taken into consideration, unintended changes may take place in the
user's problem solving behavior; "the consequences thereof may be unan-
ticipated." Keen demonstrates this by pointing out, in terms of the Harvard
cognitive style model, how individuals with Systematic and Intuitive styles
approach and justify their solutions to problems.

The two modes of style result in very different ways of justifying
solutions. The Systematic individual can validate his decision process
by recapturing his sequence of problem-solving. He can in fact lay

out the program he followed. He explicitly defined the problem, chose
a strategy and progressed methodically, analysing and evaluating alter-
natives in relation to that strategy. The Intuitive, by contrast,
cannot show his sequence of thought. He can often only backward induct,
pointing first to his solution and then showing how it is consistent
with the features of the problem. In some cases he may not explicitly
comprehend but only sense that some data or assessment has a particular
relevance. In the last resort, the Intuitive thinker can only justify
the solution to a complex elusive problem by saying 'trust me; my
instinct tells me it's right'. Successful Intuitives do build up a
track record that gains them such trust. Unfortunately they also may
tend to justify a solution, particularly to a Systematic superior,
through a pseudorationalization. It is in such situations that Intui-
tives get a reputation for careless thinking, since their explanation
does not in fact match their problem-solving process; they are not
facile in systematic evaluation and the superior can quickly pick holes
in the reasoning or point to jumps in the argument that may be valid
but are not validated. The question of how one can or should validate
a solution is very complex indeed. The issue to be raised here is that
the different modes of style pose distinct problems of communication;
once again, it must be stressed that neither style is better than the
other. The Systematic manager is not justified in dismissing the
Intuitive as scatter-brained because he cannot rationalize his decision.
On the other hand, the Intuitive cannot take for granted his 'obvious'
solution ought to be obvious to others (Ref 54, Chap 3, pp 54-58).

Summary

Several experiments on the Delphi Technique, which were conducted by

the Rand Corporation who are the originators of the method, were reviewed.
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These experiments provide evidence that a large number of people are more
accurate and reliable than a few in making judgments as to both factual

and opinion type of material. The experiments also show that the intro-
duction of 1iteration and controlled feedback serves to increase the accuracy
of a group response, and that a consensus reached through a Delphi process
is, In most cases, more accurate than that obtained through face-to-face
interaction. Opinions as to the efficacy of the Delphi process in pro-
moting group acceptance were reported, and various aspects of the Delphi
Technique were examined. It was concluded that, at least in theory, a
Delphi type methodology 1s highly suited to the problem of data base design.

A brief review of the cognitive style literature was conducted, and
two experiments indicating that cognitive style is likely to be a factor imn
the development of information systems were examined. The seminal work of
Witkin and his assoclates in the identification and development of the
field/dependent-independent dimension of cognitive style was investigated,
and two other cognitive controls were defined. The efforts of a group,
at the Harvard Business School, to develop a unified theory of cognitive
style were discussed; and their cognitive style model was presented. Peter
Keen's comments regarding the implications of this model for the area of
information system design were reported.

The next chapter will utilize the information that was covered on the
Delphl process in the development of a Delphl type methodology for data base
design. Chapter 4 will then use information from both the Delphi and cog-
nitive style reviews to establish an experimental design for investigating
the possible influence of cognitive style in data base design procedures.
Finally, Chapter 5 will again refer to this review when the selection of an
appropriate cognitive style dimension and its associated measurement instru-

ment 1s being discussed.
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CHAPTER 3. A DELPHI METHODOLOGY FOR DATA
BASE DESIGN

This chapter describes various modifications to the Delphi Technique
that have been found to enhance the technique's suitability as a method-
ology for data base design. The types of information that can and probably
should be obtained from the potential users of a data base information
system through the use of the methodology are discussed; and a type of tech-
nical information, pertinent to data base design, that was identified as
more difficult to obtain from the potential users of PFDS is examined.
Methods of conducting a Delphi process for data base design are presented,
and a generalized computer program for processing the Delphi information
flows associated with a data base design effort is described. A description
of the actual application of the methodology to the determination of what
the contents of the Pavement Feedback Data System (PFDS) data base should
be 1is provided throughout the chapter as an example to clarify the theoreti-

cal concepts that are involved.

Types of Information

The central theme underlying the proposed methodology is that there
are certain types of information concerning what the contents of a data
base should be that can be best provided by the most knowledgeable people
in the area, i.e. the potential users of the system. This is particularly
true in the case of integrated systems with common data bases. Tt is
unreasonable to expect a systems analyst to possess expertise in the
systems area and at the same time be knowledgeable enough in all other
areas to be able to adequately prescribe for the users of the system their
information needs. Even if it were possible to locate such a versatile
individual or obtain this information through interviews with the potential
users, difficulty would still be encountered in defining a set of data

items that were congruent with the purposes of the organization for which
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the system was to be designed. No one individual can be expected to
accurately make such an assessment since an organization is by definition a
collection of individuals working together. The potential users of the
gsystem acting as a group should, therefore, theoretically be the best
source of this information. For example, in the case of PFDS there are
experts that deal mainly with rigid pavements, i.e. concrete, and other
experts that deal mainly with flexible pavements, i.e. asphalt. At the
same time other experts in functional areas such as maintenance are required
to work with both pavement types. The objective is to identify a parsi-
monious set of data items that concurrently satisfies all of the users'
information needs and which is also conducive to the accomplishment of the
organization's purpose.

Jerome Kanter postulates the existence of a phenomenon he calls the
"geometric organizational syndrome" in his discussion of the problems
inherent in achieving the '"cooperation needed to arrive at the pertinent
data elements" in a data base. He concurs that "joint decisions are needed
to reach compromises related to the'" data base content. However, he sees
this as being a formidable task, since the number of communication pathways
between an expanding number of people increases in approximately a geometric
manner. He states that the '''geometric organizational syndrome' is
probably even more accentuated by the psychological and political blocks
that individuals bring with them to the situation. . . . The solution to
these problems normally means discussions, meetings, and eventual compro-
mise if the implementation time frame is to be met" (Ref 51, p 63).

A method, for overcoming the "geometrical organizational syndrome" in
a manner that allows the potential users to identify the minimum set of
data items necessary to satisfy the requirements of each user and the
organization's purpose, is critically needed. The use of a Delphi method-
ology appears to be one large step toward the accomplishment of this objec-
tive. The question is what types of data base design information are the
potential users capable of supplying.

In this section the focus will be on describing a set of information
items that can be supplied and evaluated by the potential users through the
use of the proposed Delphi methodology. Although these items to date have
only been obtained in one actual application, i.e. PFDS, they are still
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felt to be generalizable to a large number of varied data base design situ-
ations. However, since the Delphi procedures can be easily modified to
accommodate different or additional items, the primary purpose of this sec-
tion is to demonstrate a functional class of data base design information
items that can be obtained from the potential users through the use of the
methodology. For example, if further research indicates that potential users
who are experienced in data base systems are capable of supplying technical
information such as a key/non-key designation or hierarchical ordering of
the data elements, then these information items can be easily added to the
Delphi procedures. In the PFDS experiment it was discovered that the par-
ticipants, who were all inexperienced with data bases, had difficulty in
supplying technical types of information. Therefore, only non-technical
information items are used in the following description which is intended
to demonstrate the potential of the Delphi method.

The primary item of information, that the potential users are capable
of supplying, is a description of the elementary data items that should be
included in the data base. The potential users thus need to provide descrip-
tors or names for those data items they feel are important enough to warrant
inclusion in the data base. These descriptors must necessarily be specified
in enough detail to allow the administrator and all other participants in
the process to unambiguously identify the data item being proposed.

In addition, the descriptor may also contain important information
regarding the frequency with which the data item should be collected
together with any dimensional information that might help to define the data
item. The frequency portion of the descriptor can be broken down into both
time and space components. For example, if a participant is desirous of
describing a data item for the measurement of deflection along a segment of
highway, he might provide the descriptor - ANNUAL DEFLECTION EACH .5 MILE.
Annual describes the participant's feelings regarding the temporal frequency
with which the data item should be collected, while the phrase, each .5
mile, reflects his opinions regarding the desirable spatial frequency for
collection. Dimensional information, such as lbs/inz, sq yds, etc, can
also be supplied if it is necessary to resolve possible ambiguity. However,
it should be pointed out that overspecification in the descriptors leads to
the rapid proliferation of similar data items that the group must consider.

Hence a dilution of effort on more important considerations takes place. In
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the application of the method, it appears advisable that the participants
be apprised of this trade-off so they can limit the descriptors to signifi-
cant phrases.

In the PFDS data base design effort, the information regarding the
frequency of collection was considered to be quite important; and the par-
ticipants were encouraged to take this into consideration in their formula-
tion and evaluation of data item descriptors. However, engineering practice
in the design and construction of highways was considered to be standardized
to the point where any effort spent in supplying dimensional information
would be unnecessary. Therefore, the participants were specifically
requested not to include dimensional type of information in their data item
descriptors.

On the first round of the Delphi process the participants are encouraged
to submit descriptors for all data items they feel might be needed in the
data base. The words, might be needed, are used because during the initial
submission phase the emphasis 1s on developing all possible data items. In
this regard, the participants should be specifically instructed to supply
descriptors for all data items they think should be brought to the attention
of the Delphi group. Even though a participant may personally feel that a
particular data item is relatively unimportant it is still advantageous to
have the group confirm or disconfirm this opinion. It should also be noted
that the initial submission phase is completely uninhibited since the par-
ticipants work individually during this stage of the process; therefore, it
is quite likely that multiple descriptors with different wording, will be
received which describe essentially the same data item. Techniques for
handling this redundancy will be described in the next section of this chap-
ter.

Then, in order to provide a means for group evaluation as to the merit
of the data items that have been submitted, the participants are instructed
to rate the items they submit in regard to importance. This importance rat-
ing reflects the participant's subjective opinion of how important he per-
ceives the data item to be. During the successive iterations of the Delphi
process, these importance ratings are repeatedly fed back to the participants
who not only review the ratings on their own descriptors but also review the
ratings on the descriptors supplied by other members of the group. Thus, the

importance ratings are refined during each round of the process. Upon the
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convergence of the process, the importance rating reflects the group's col-
lective judgment as to the relative importance of the various data items
that were submitted.

Since the basic theme in applying a Delphi methodology to the design of
a data base is the involvement of a representative spectrum of the potential
users, a method for incorporating the necessarily wide range of expertise
brought to each data item is required. This can be accomplished through a
self-appraisal technique where each participant is asked to rate his exper-
tise on each data item. This expertise rating reflects the participant's
subjective judgment as to the degree of expertise he brings to a particular
data item, or in other words the confidence he has in his assignment of the
importance rating to a data item. Unlike the importance rating, the exper-
tise rating does not change as a result of the iterative process. Once a
participant has assigned an expertise rating to a particular data item he
is unlikely to change it unless a reappraisal reveals that the rating was
initially in error.

As an example, in the PFDS design effort, there were participants who
had a great deal of experience in the area of asphalt pavements and very
little experience in the area of concrete pavements. These individuals
would rate their expertise high on the data items dealing with asphalt pave-
ments and low on the data items dealing with concrete pavements. A similar
situation existed in regard to functional positions. The maintenance fore-
men rated their expertise high on maintenance related data items, but low
on design related items.

A data base design parameter of major importance in terms of the
success of a system, is the determination of who is going to supply the data.
As will be discussed shortly in another section of this chapter, initial
presentations were made to twenty-five separate groups of the Texas Highway
Department (THD) employees who were to participate in the Delphi project to
design the PFDS data base. Almost invariably at the beginning of these
presentations, one or more of the participants would inquire as to who was
going to supply the data for the system. These questions are a minor indi-
cation of the widespread concern, amongst the users of data base systems,
regarding the determination of who will be responsible for supplying the

data.
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In the general case, this concern could stem from a variety of causes.
The requirement of having to supply a particular set of data items could be
viewed as the imposition of an additional burden on an already heavy work
load. Past experience with having to perform paperwork, where the benefits
were intangible, not immediately apparent, and only indirectly related to
the accomplishment of immediate work objectives, may tend to lessen an
employee's enthusiasm for supplying additional data. Kanter comments that
"in a highly decentralized organization where divisions are autonomous, the
centralization of data in one central file can represent a serious obstacle.
The divisions are skeptical about the information they submit; they wonder
how it is going to be used" (Ref 51, p 63). These and many other possible
problems could be reflected in the potential users concern over who is to
supply the data.

In the PFDS presentations, the reply, '"You, the potential users and
suppliers, will determine who the suppliers of the data items will be," was
always well received. Thus, it is theorized that the actual data capture
process will be facilitated by allowing the potential users and suppliers to
jointly participate in the determination of who will be responsible for
supplying particular data items. It has been previously pointed out that
group consideration in this type of situation is likely to lead to a more
accurate assessment than could be made by a single individual. Furthermore,
in addition to obtaining a more accurate determination of the potential
suppliers than could be developed by a systems analyst, the act of partici-
pating in the determination process is theorized to lessen ihe potential
suppliers' resentment toward the imposition of an additiomal work load. It
should be considerably easier for the supplier to accept such a determination
from a group of his peers with whom he has participated than it would be for
him to accept a similar determination in the form of an apparent fiat from a
systems analyst acting in a staff capacity.

Up until this point in the Chapter a general class of data base design
information, which the potential users are capable of determining through
a Delphi type methodology, has been demonstrated by the use of examples from
the actual application of the technique to the design of the PFDS data base.
This general class of information encompasses those types of information
with which the potential user is in some way familiar. This familiarity

might come from expertise in the area covered by particular data items, or
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it may come from areas of concern the potential user might have. However,
it should be noted in the next two paragraphs, that during the PFDS project
where the participants were inexperienced in data base concepts, an attempt
to extend the Delphl methodology into the area of unfamiliar technical
questions met with failure.

A shakedown of the Delphi process was run on a test group of 24 sub-
jects selected from the THD and the Center for Highway Research (CFHR). The
purpose of thils test was to determine the feasibility of a Delphi method-
ology for data base design and to validate the attitude scale as discussed
in Chapter 5. During this test the participants were required to provide
and evaluate the Information discussed above. In addition an attempt was
made to have the participants rate the data items on the technical question
of whether the item should be a key or non-key item.

In the presentation to the test group, it was explained that the key
designation on a data item causes an inverted file to be constructed for
that item; and the inverted file concept was then covered in detail. Numer-
ous queétions were ralsed during the presentation; and subsequent analysis
of the participant's responses and interviews with them revealed that the
concept was not understood in enough detail to allow intelligent decisions
on the key/non-key question. It was concluded that, at least in the case
of a new application where the potential users are unfamiliar with data base
concepts, technical questions cannot be covered in the limited time normally

avallable for a presentation on the Delphi method.

Delphi Procedures

A set of procedures was developed in the PFDS project to process the
potential users' responses in regard to the above enumerated types of data
base design information. A discussion of these procedures will help to
clarify the methodology; however, before proceeding it 1s necessary to
point out that these procedures have not been experimentally verified as
being an optimal set. The purpose of the discussion, just as in the pre-
vious section on the types of information, is to demonstrate a functional
class of procedures that can be generalized to a wide range of data base
design problems. The aim is not to specify a rigid technique in great
detail, but rather to present a methodology that can be readily adapted by
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other data base designers. Thus, the procedures that were utilized in the
PFDS experiment are discussed along with some general suggestions in order
to 1llustrate one way in which the Delphi methodology might be applied to a
general data base design problem,

In general it is suggested that the group of participants who are to
take part in the Delphi process be comprised of individuals from all func~
tional areas and divisions within the organization. It is felt that wide~
spread participation on the part of the potential users will help to more
rapldly diffuse knowledge of the system and promote a greater degree of
group acceptance, For example, in the PFDS case 241 potential users
comprised of individuals from all 25 Districts, the Houston-Urban Office,
Austin Headquarters Divisions, the CFHR, and Texas Transportation Institute
(ITI) took part in the data base design effort. The objective in the
selection process was to balance the proportional representation according
to the number of potential users in each District, Division, or research
unit. In addition the representation was also balanced according to the
proportionate number of potential users involved in each functional area
such as design, maintenance, and research. It 1s estimated that in the
PFDS case approximately a fifth of the potential users took part in the
data base design project.

After the participant identification phase has been completed a
presentation should be made to the potential users who have been selected
to participate in the Delphi process. Depending on the prior knowledge of
the participants, the presentation should cover such subjects as a descrip-
tion of the proposed system, its objectives, basic data base concepts, and
the procedures for the Delphi process of data base design. At the end of
the presentation, an instruction booklet should be left with each of the
participants along with the request that they send their initial submission
of data items in to the administrator within a certain length of time. As
an example, a copy of the instruction booklet used in the PFDS data base
design project is included in Appendix A. Because of the geographically
dispersed locations of the THD District offices, 25 separate presentations
were required in the PFDS case. The PFDS presentations were also used for
the administration of the measurement instruments required by the experi-

mental design described in the next chapter.
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As the initial submissions of data items are received from the par-
ticipants, it will be discovered that many of the daté items are duplicates
of items already submitted by other participants. It is suggested that
this situation be handled by compiling a non-redundant master list of data
item descriptors. A unique item number is assigned to each of the original
items added to the master list. Thus, an item number from the master list
can be assigned to each data item descriptor on a participant's initial
input form. After the initial input forms have been received from all
participants, a completed master list of non-redundant items exists; and
each data item descriptor on every participant's initial input form contains
an item number that matches an item number on the master list of data item
descriptors.

It should be noted that the absolute elimination of redundancy in the
master list is not required, although it may be desirable. For example, in
the PFDS project the administrator was unfamiliar with pavement terminology;
and as a result, he was only able to eliminate redundant items where the
descriptors contained similar wording. Redundant descriptors that contained
different words describing essentially the same data item were not elimi-
nated. It is possible to administer a Delphi process for data base design
without being familiar with the technical questions involved. As the
Delphi process progresses the redundancies are discovered and identified by
the participants who have been selected from experts in the technical field
under consideration. The information on redundancies that is supplied by
the participants can be used to overcome the bimodal convergence that is
likely to take place when two separate descriptors describing the same data
item are present. The procedures for handling this occurrence are discussed
at the end of this section after the necessary background on the importance
and expertise ratings have been presented.

It is suggested that the participants be asked to indicate their impor-
tance and expertise ratings on each data item by using a 0.0 to 5.0 scale,
with zero indicating absolutely no perceived importance or expertise with
respect to the given item. Brief phrases describing the major steps in
the scales, i.e. 0.0, 1.0, 2.0, etc, should be provided as rough guidelines
for the participants. The guidelines for the scales used in the PFDS
project can be found in the instruction booklet in Appendix A.
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In the PFDS project an average of the importance ratings, weighted by
the expertise ratings, was determined for each data item. That is

i X.Zl gt i
AT = —J—;;—J%IQl where: I, = individual j's importance
zj=1 Ej ] rating for item i.
E; = individual j's self

appraisal of his expertise
in regard to item 1i.

n = number in group.

This average on each data item was fed back to every member of the group
until convergence was achieved. An estimate of the group's movement toward
convergence was obtained, after each iteration, from the variance of the

individual importance ratings about the average importance rating. That is

n
z (Ai _ I;)Z

A

n-1

The variance not only provides a means for determining when convergence
has been achieved, but it can also be used to speed convergence by offering
a means for deciding which items are important enough to be returned to the
participants after each iteration. In order to speed convergence by
eliminating unimportant data, the data items from the group are rank
ordered on Ai. Those items that have a low A1 and a low variance of I;
about Ai, i.e. those items that are uniformly perceived to be unimportant,
are not returned to the participants after every participant has had an
opportunity to observe each item at least once. Although this feature is
present in the generalized computer program that was used t:0 process the
information flows for the PFDS data base design project, it was not used.
All data items were returned to the PFDS participants until convergence on
all items was achieved.

The problem of bimodal convergence, that is likely to occur when
redundant data items are present, can be overcome by using the information
on redundancies that is supplied by the participants. The participants
should be instructed to give the redundant data items they least prefer a

0.0 importance rating and to give the item they prefer most in the
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redundancy a regular importance rating. After convergence has been achieved
and the redundancies have been identified, e.g. item 37 the same as item 103,
then the importance ratings on the redundant items can be combined; and the
items in a redundancy that are rated least in regard to importance can be
eliminated. If each one of the participants has followed the instructions
explicitly and has been successful in identifying all redundancies, then

the importance rating of the remaining item, i.e. the most importantly

rated item in a redundancy, can be obtained by summing the importance rat-
ings of all items in the redundancy. Since it is not likely that all par-
ticipants will be able to correctly identify all redundancies, it is sug-
gested that a pass through the data item list of each participant be made.
During this pass the importance ratings of all items in a redundancy, other
than the item in the redundancy with the highest expertise rating, should

be set to 0.0 and all expertise ratings in the redundancy should be set to
the value of the highest expertise rating before performing the summation
process. This procedure allows the retention of the redundant data item
that the group most prefers and provides for the assignment of the correct
importance rating to it.

A table which relates code numbers to suppliers of data items should
be established in order to provide a method whereby the potential users and
suppliers can determine who will be responsible for supplying particular
data items. The supplier codes used in the PFDS data base design project
are shown in Table 1 of the instructions which are included in Appendix A.
The PFDS participants assigned one of the supplier codes to each data item
that they submitted, and they also evaluated the supplier codes on all data
items derived by the group. The evaluation process took place through the
mechanism of feeding back the mode, or most frequently appearing supplier
code, on each item to all participants in the group. The participants were
thus able to indicate their agreement or disagreement with any supplier for
a particular data item on each iteration. Convergence was found to take
place on this value just as it did on the importance rating, although
initially there was widespread disagreement on the suppliers of certain

data items In the PFDS project.
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Delphi Computer Program

A generalized computer program, for processing the information flows
and implementing the procedures involved in a Delphi type data base design
effort, was developed as a part of the PFDS project. A copy of this pro-
gram, which automates much of the information processing required, is
included in Appendix B. The program requires as input the master list of
data item descriptors, that was previously discussed, and input from each
of the participants on each of the data items. The program outputs sum-
mary statistics for the administrator and letters to each of the group mem-
bers at the end of each iteration. A description of the application of a
program of this type to data base design problems will help to further
clarify the methodology. Examples from the PFDS project are provided in
the discussion.

As the initial input is received from the participants, each original
data item descriptor is assigned a unique item number; and a file, which
comprises the master list of data item descriptors, is developed. The
participants' data, which consists of an importance rating, an expertise
rating, and a who supplies code, can then be entered in terms of an item
number. After all of the initial input forms have been received, the data
from the group is processed. The weighted average of the importance rating
and the mode of the who supplies code are calculated. The administrator
has the option of either receiving just a summary printout, which ranks
the data items on the average importance rating and present.s the variance
on each item, or of also obtaining immediately the letters which communicate
the results to the members of the group. The first option is provided in
order to allow the administrator to truncate data items, that are uniformly
perceived to be of low importance, from the list before printing the com-
munications for the group.

The printout that communicates the results compiled fiom the group is
mailed to each participant in the group who then indicates any disagreement
he may have, regarding any piece of information, directly on the printout.
A Sample copy of a Delphi communication is presented in Figure 6. This
hypothetical printout has been marked up by the participant, and it is
ready to be returned to the administrator as the participant's input to the

second iteration. When the participant first receives the printout there
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are normally blank spaces in the expertise column. This indicates items
that were‘submitted by other members of the group and which have not yet
been reviewed by the participant to whom the printout is addressed. The
participant fills in the blank expertise spaces with his expertise rating
on the particular items. In the example of Figure 6, items 9, 12, 14, and
17 originally contained blank expertise spaces. Although the expertise
raﬁings are the individual's expertise ratings, the importance ratings and
the who supplies codes reflect a group average. The participant may indi-
cate his disagreement with the group on any piece of information by crossing
out the questionable value and writing his opinion out to the side. The
participant is also allowed to enter new data item descriptors directly on
the printout. The process is repeated until convergence is achieved.
Copies of the converged printouts from two actual groups that participated
in the PFDS project are included in Appendix C.

A computer program automates the printing of the letters and allows
all corrections to be made directly on the printout. As each iteration is
processed, the participants'unmodified input for the succeeding iteration
can be output to either magnetic files or punched cards; and the updating
process can thus be carried out either interactively or manually. A
program of this type allows a single administrator, with only keypunch
assistance, to process the input from a large number of participants.

Since the number of significant figures required in the importance
rating, expertise rating, and who supplies code is small, it is possible
to pack the value of one of these variables for several participants into
a single computer word. Because of the nature of the problem, the code
required for the packing and unpacking operations is relatively efficient.
The program in Appendix B, which was used to process the information flows

associated with the PFDS project, utilizes the packing principle.

PFDS Project

The PFDS data base design effort began with 241 potential participants
attending the presentation. A control group of 27 individuals, the purpose
of which will be discussed in the next chapter, was randomly selected from

the larger group. The control group attended only the first half of the
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presentation, which dealt with a description of the PFDS system and its
objectives. The control group did not participate in the Delphi process to
design the data base. Out of the remaining 214 potential participants 208
submitted their initial input forms for the first iteration as requested
in the presentation. These 208 participants were assigned to 20 Delphi
grgups of 10 individuals each and to one Delphi group composed of eight
individuals. The criteria used in the group assignment process will also
be discussed in the next chapter. At the start of the second iteration
four participants had failed, for various reasons, to return their printouts;
and at the start of the third iteration two participants were dropped from
the process because of retirement and a major illness. By the end of the
third iteration all 21 groups had converged and the process was terminated.

Because of the geographically dispersed locations of the participants,
it was necessary to use the mail both ways in all communications during the
process. It required approximately four weeks to turn around each iteration,
and a total of approximately three months to run the process to convergence.

The low drop out rate, of approximately six percent over the entire
three month period, is viewed as being a good indication of the degree of
satisfaction that the participants found in the process. This 1is especially
significant in view of the fact that a third of the drops occurred because
of unavoidable problems such as a participant leaving the country, major
illnesses, and retirement. It 1is also interesting to note that, when one
other retiree and two participants who also underwent surgery were given
the opportunity to drop, they insisted on remaining in the process. In
addition, two of the dropouts went ahead and submitted their corrected
printouts after the next iteration was started, even though they had been
instructed that their input was no lenger required since it was too late to
incorporate their input with the groups'.

The PFDS master list of data descriptors covered 1310 data items at
the time convergence was achieved, However, not all of these data descrip-
tors described unique data items since the redundancies had not been removed
from this list. The twenty-one groups converged separately on data lists
that ranged in length from 89 to 293 data items. The reason for the
apparent discrepancy in the length of the lists has to do with the way the



56

groups were structured relative to cognitive style. The significance of
this length difference will become clearer in the following chapters as the
cognitive style experiment is described.

There were no indications, other than the key/non-key problem which
occurred in the test, that the PFDS participants had any difficulty what-
soever in supplying and evaluating the information that was requested. The
standard indicators of a smoothly functioning Delphi process, such as
individuals reconsidering their opinion in light of the group response and
movement toward convergence, were all present in the PFDS project. The
project progressed just as expected except for the speed with which the
printouts were returned. Since the participants were requested to return
the printout within five days of receipt, it had been initially estimated
that only two weeks would be necessary to complete an iteration instead of
the four weeks actually required. Data was kept regarding the speed with
which the printouts were returned, and an interesting relat:ionship between
the participants' cognitive styles and their speed of return was uncovered.
This relationship is discussed in detail in Chapter 7. Another observation
on the speed of return was that the early returners almost always returned
the printout early and the late returners almost always refurned the printout
late. No correlation was found between the speed of return and the attitude
of the participants.

In order to proportionally distribute the representat:ion of the poten-
tial users in the PFDS project according to their function in the THD,
four basic categories were established: 1) Administrative Level Personnel
(14), 2) Other Engineers from District Headquarters (31), 3) Engineers
from Residencies (30), and 4) Maintenance Construction Supervisors (25).
The numbers in parentheses indicate the approximate relative percentage of
participation from each of the four functional categories. The experimental
design which is described in the next chapter required that the 21 groups
be structured to a great extent along other dimensions; however, where
possible an attempt was made to maintain an even balance of individuals from
each of the four categories between the groups.

Since 21 separate Delphi groups were used in the PFDS project, a method
of combining the results from the individual groups was required. The
assumption was made that all groups possessed approximately the same level of

composite expertise on any particular data item. The assunption appears to
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be valid, since within the constraints of the experimental design an attempt
was made to distribute individuals with the same function evenly throughout
the groups. The mean of the importance rating for each data item was cal-
culated by using all groups that converged on that particular item, e.g. if
the converged data lists of five out of the 21 groups contained a particular
data item, then the mean importance rating of the five groups was calculated.
The master list of data items was then rank ordered on the mean importance
rating. The descriptors for the data items were output in their order of
importance along with the mean importance rating, the number of groups con-
sidering the item, and the range of the importance ratings making up the mean.

The results from this output were used to decide which data items
should be included in the data base. If the mean importance rating derived
from a large number of groups was high and the range about the mean small,
then that particular data item was definitely included in the data base.
Similarly, if the mean importance rating derived from a large number of
groups was small and the range about the mean was small, then the item was
excluded from the data base. The items that were not clearly defined by
this set of criterila were set aside for further consideration and analysis
by a systems analyst.

The PFDS project was successful in its purpose of generating a large
number of data items and bringing about a consensus of opinion amongst the
potential users as to the relative importance of the various items. It
provided data that could have been generated by a systems analyst only
through massive interviews and numerous meetings, if at all. Thus, a
systems analyst approach to developing the same amount and quality of infor-
mation regarding potential data items, would be a practically impossible
task in a decentralized and highly disbursed organization such as the THD.

The geographically disbursed nature of the 25 Districts in the THD
leads to another problem that was overcome through the application of the
Delphi methodology to the design of the PFDS data base. Because of their
geographic separation, the Districts sustain widely varying terrain, cli-
mactic, and traffic conditions. The variance in these factors contributes
to widely varying data needs amongst the Districts. However, Delphi pro-
vided a means whereby the opinions and data needs, of potential users from

all of the Districts, were integrated into a single data base design.
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Summarz

It was found in the application of a Delphi methodology to the design
of the PFDS data base that the potential users of the system are capable
of supplying and evaluating a certain class of information that is helpful
in the design of the data base. This class of information includes descrip-
tors for data items the potential users perceive as being important, a
rating of the degree of importance of each data item, a self appraisal of
their expertise in regard to each data item, and their opinions as to who
should be responsible for supplying the data for each item. Another class
of information, dealing with technical considerations, was found to be more
difficult to obtain from the potential users of PFDS who were initially
unfamiliar with data base concepts.

Procedures for administering a Delphi methodology for data base design
were discussed; and the methods used to calculate the averages, that were
fed back to the participants during the PFDS project, were covered in the
discussion. A generalized computer program to process the information flows
associated with the procedures was described.

Throughout the chapter the emphasis was placed on imparting the
philosophy behind the Delphi methodology for data base design, rather than
prescribing a specific set of techniques in great detail. Although the
specific procedures appear to be generalizable to a variety of data base
design siutuations, it is felt that the greatest benefit is to be derived
from an understanding of the concepts behind the methodology.

Examples, taken from the application of the methodology to the design
of the PFDS data base, were used throughout the chapter to illustrate the
theoretical concepts. Finally, salient aspects, of the application of the
Delphi methodology in the PFDS project, were presented in order to provide
the reader with a feeling for the application of the methodology in an
actual data base design situation.



CHAPTER 4. RESEARCH DESIGN

The Delphi methodology, that was reviewed in the preceding chapter,
not only proves to be an attractive method for data base design; but it also
offers a research vehicle through which the effects of some personal char-
acteristics of the potential users can be investigated. Cognitive style,
a personal characteristic of decision makers, has been identified in the
literature as having possible implications for the design of information
systems. The impact of cognitive style on the design of data bases is
amenable to analysis through the Delphi methodology; and this chapter
examines the cognitive style research scheme that was executed during the
Delphi project to design the PFDS data base. The hypotheses underlying
the research effort are presented, and the experimental design that was

developed to test these hypotheses is described.

Hypotheses

The fact that analytical individuals have been found to be more adept
than global individuals at articulating the reasons and specifying the data
behind their declsions leads to the speculation that the cognitive style
variable is likely to be a factor in any attempt to have the potential users
of a data base participate in its design. One major concern is the viability
of the Delphi method as a means whereby the global individual can participate
in the design process without being overwhelmed or frustrated by the more
profuse output of the analytical type. It is theorized that the isolation of
participants in groups, where interaction only takes place among individuals
with a particular type of cognitive style, might be a means of overcoming
this problem. Another important concern, in considering the possible adop-
tion of a Delphi methodology, pertains to the potential user's attitude
toward the system before and after he has participated in the design process.
These and other potential concerns led to the formulation of the following
four hypotheses regarding the influence of cognitive style and the effect

59
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of user attitude in the Delphi methodology for data base design.
Hypothesis 1:

In the initial round of the Delphi process, the number of elemen-—
tary data items submitted by participants will be significantly correla-
ted with their cognitive style.

Hypothesis 2:

Three distinct sets of Delphi groups; the first composed of more
analytical participants, the second composed of more global partici-
pants, and the third composed of participants falling in between the
global and analytical extremes; will converge to data base designs
that are significantly different,

Hypothesis 3:

A set of Delphi groups composed of participants with least favor-
able attitude scores will converge to a design that is significantly
different from the design obtained by groups with similar cognitive
style scores but higher attitude scores. In other words, an unfavor-
able attitude score moderates the cognitive style effect.

Hypothesis 4:
The attitude scores of all groups will improve as a result of par-

ticipation in the Delphi process.

These hypotheses were tested as a part of the Delphi project to develop
the data base design for PFDS. However, the experimental design that was
used to examine the validity of the hypotheses is presented before under-
taking, in subsequent chapters, the discussion of the results from the

statistical tests.

Experimental Design

In addition to the 24 test subjects who were involved in the preliminary
shakedown of the methodology, 241 potential users actually participated in
the PFDS data base design project; and the sample used to test the foregoing
hypotheses was developed from the 241 participants who took part in the PFDS
project. The initial selection of the participants was accomplished by sub-
mitting a request to the heads of the Texas Highway Department (THD) Districts
and Divisions asking that they identify a list of participants for the proj-

ect. It was suggested that their selection consist of specified numbers of
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individuals from each of the four functional areas outlined in the discussion
of the PFDS project in Chapter 3. The numbers suggested were based on the
proportion of individuals normally working in each of the four areas and in
each of the Districts or Divisions. A similar procedure was followed in
regard to the seven individuals from the Center for Highway Research (CFHR)
and Texas Transportation Institute (TTI). The initial request was for 230
participants; however, some District heads requested that extra individuals
be allowed to participate, and 241 people ended up attending the presenta-
tion to initiate the Delphi project. The fact that the District and
Division heads selected the individuals to participate in the process,
which resulted in the lack of a random sample, was not felt to be a sig-
nificant deterrent to the research design since the sample was calibrated
and assigned according to test scores.

Each of the 241 individuals that were selected from the THD, CFHR, and
TTI, as was described in the preceding paragraph, attended one of the 25
presentations that were held in District offices throughout the state. In
the first half of these presentations the participants received instruction
in the objectives of the PFDS system and elementary data base concepts.
They were informed that they had been selected to take part in a project to
design the data base for the PFDS system. Then scales for the measurement
of the participants' cognitive styles and their attitudes toward PFDS and
their participation in its development were administered. Completion of
the two tests ended the first half of the presentations and the participants
were given a coffee break.

From the selected sample of 241 potential PFDS users that was drawn
from the THD, CFHR, and TTI, as described above, a randomly selected sample
of 30 individuals was designated as the first control group. During the
coffee break, which followed the first half of the presentations, the indi-
viduals designated as part of the control group would be approached and
asked to volunteer to act as control subjects. They were instructed that
they would have nothing else to do with the project until the rest of the
group had completed the task of designing the PFDS data base, and they were
informed that they would then be asked to retake the attitude scale or
Opinion Survey, as it is titled. All of the subjects approached agreed to

this request, and they did not attend the second half of the presentation.
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During the coffee break of the last presentation it was impossible to
approach the control subjects, and the second half of the presentation
began with three of the designated control subjects present:. Since the
three subjects had received some exposure to the Delphi concept before
the error was discovered, it was decided to allow them to act as regular
participants and to proceed with a first control group composed of only
27 subjects. The purpose of the first control group was to serve as a
base point for any attitude change that might take place, on the part of
the participants, as a result of being involved in the process of design-
ing the PFDS data base.

The second half of the presentation concentrated on providing the
participants with a background on Delphi and the procedures for applying
the technique to the design of the PFDS data base. A description of the
technique was presented, and the origin of the method was discussed.
Examples of the application of Delphi in both government and private busi-
ness were provided, and some of the experiments conducted by Rand were
brought to the group's attention. Examples of the types of data items that
the group was expected to provide for the PFDS data base were covered, and
the initial input forms the participants were to use in submitting their
data items were displayed. A simulated run through the process was described
by using the example from the sample Delphi communication that was pre-
sented in Figure 6. After the mechanics of the process were covered, the
participants were given the instruction booklet, that appears in Appendix A,
along with several blank initial input forms. They were requested to complete
these forms and return them to the administrator within five days, 1f pos-
sible. This request was an attempt to assure everyone, from all of the 25
separate presentations, approximately the same amount of time on each itera-
tion of the project.

A final precaution was taken at the end of the presentation. As 1is
standard in the Delphi Technique the participants were cautioned against
talking with anyone about the project until its completion was announced by
the administrator. The purpose of this measure was not only to maintain the
integrity of the Delphi process by assuring that interacticn took place
only through the Delphi medium, but it was also used to maintain the integrity

of the experimental design. Since the experimental groups were to be
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segregated according to their cognitive style, it was imperative that no
unintended interaction take place across the groups. The caution to the
groups regarding the integrity of the Delphi process thus served to accom-
plish both of these objectives without having to reveal the experimental
aspect of the project.

The numerical scores, obtained from grading the cognitive style and
attitude scales that were administered during the first half of the presen-
tations, were used in assigning the participants to Delphi groups. Details
concerning the selection of the cognitive style scale and the construction
of the attitude scale are presented in the next chapter. Before applying
the numerical scores obtained from the scales, a second control group of
40 subjects was randomly selected from the first 200 active Delphi par-
ticipants who submitted their initial input forms. The last eight active
participants to submit initial input forms were assigned to a group that
did not take part in the cognitive style research effort. Then assignment
of the remaining 160 active subjects was made to four distinct sets of major
Delphi groupings which were named; Analytical, Global, Mixed, and Attitude.
This assignment was made without the subjects' knowledge and before Delphi
feedback was given to the participants to begin the second round of the
design. The 40 subjects with the least favorable attitude scores were
assigned to the attitude group. The remaining 120 subjects were assigned
by rank ordering their cognitive style scores. The 40 subjects with the
highest cognitive style scores were assigned to the Analytical group; the
40 subjects with the lowest cognitive style scores were assigned to the
Global group; and the 40 subjects in the middle of the cognitive style
distribution were assigned to the Mixed group.

The sample assignment procedure is reiterated and graphically illus-
trated in Figure 7. Beginning at the upper left and moving to the lower
right, 27 of the 241 subjects (S's), who attended the presentations, were
randomly selected for the first control group as was previously described.
After receipt of 200 initial input forms, 40 of the subjects were randomly
assigned to the second control group. The remaining 160 subjects were ranked
according to their attitude scores, and the 40 subjects with the lowest atti-
tude scores were assigned to the attitude group. The remaining 120 of the

first 200 subjects to respond were then ranked according to their cognitive
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style scores. The 40 subjects in the analytical third of the cognitive style
continuum were assigned to the Analytical group. The 40 subjects in the
middle third of the continuum were assigned to the Mixed group, and the 40
subjects in the global third of the continuum were assigned to the Global
group. Qut of the remaining 14 subjects, eight submitted their initial

input forms before the first iteration was begun, and together they were
assigned to an extra Delphi group. The six subjects who did not respond in
time were dropped from the process.

The purpose of the second Control group was to provide an observation
as to how participants would respond when lumped together in Delphi groups
without regard to cognitive style, and the Attitude group offered a means
of determining how potential users with low attitudes toward a system are
likely to perform in a Delphi process to design the system's data base.

The first Control group and the six subjects who were dropped did not par-
ticipate in the Delphi process, and although the extra group did participate
in the Delphi process, they were not a part of the cognitive style experi-
ment.

The five primary groups--Global, Mixed, Analytical, Attitude, and the
second Control--were broken down into smaller Delphi groups in order to
obtain a sufficient number of replications to support the statistical
analysis of the hypotheses. In attempting to determine the number of
individuals to assign to each Delphi group a trade-off was encountered.

The larger the number of replications the more apparent would be any dif-
ferences from the cognitive style effect. However, the larger the number
of Delphi groups the smaller would be the group size; and a loss in accu-
racy and reliability would be suffered as a result. In order to resolve
this trade-~off, reference was made to Figures 3 and 4 in Chapter 2. In a
Delphi group of seven participants, both the reliability and the accuracy
is indicated by the figures to be fairly high; and seven is a common num-
ber of participants found in the Rand groups. It was decided that seven
participants per group would be sufficient for the purposes of the PFDS
project and the cognitive style experiment. Therefore, to overcome the
effect of further drop outs and to be sure that the groups would contain at
least seven participants at the time of convergence, it was felt that

initially 10 subjects per Delphi group would be required. Thus, four groups
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of 10 subjects each were formed into actual Delphi groups within each of
the five primary groups. This procedure resulted in the fcrmation of 20
Delphi groups composed of 10 subjects each to participate in the cognitive
style experiment.

Assignment of individuals to the four Delphi groups within each of
the five primary groups was performed in such a manner as to make the four
groups as homogeneous as possible. This was done in an attempt to overcome
the effect of the small number of replications per treatment. All available
information regarding the subjects, such as attitude scores, cognitive
style scores, and departmental positions, were used in the homogenizing
process. Individuals were assigned to the four groups so the mean and
range of the attitude and cognitive style scores were approximately the
same for each of the groups. The group assignments were also balanced in
relation to the subjects' positions both functionally and locationally
where possible. It was hoped that by balancing the four Delphi groups
within each primary group the effect of variance due to variables other
than attitude or cognitive style would be minimized.

Computer processing was required in order to accommodate the large
volume of information transfer associated with the PFDS data base design
project, and a numbering scheme for the Delphl groups was established to
facilitate this processing. Each individual participating in the experiment
was assigned a number which expressed his position in regard to each of
the five primary groups and also in regard to his Delphi group. These num-
bers for the 200 subjects ranged from 10 through 209. The last digit omn
the right expressed the individuals's position in his Delphi group, while
the digit or digits to the left of the right most digit identified which
one of the 20 Delphi groups the subject was assigned to. Groups 1 through
4 were Global groups, 5 through 8 were Mixed groups, 9 through 12 were
Analytical groups, 13 through 16 were Attitude groups, and 17 through 20
were Control groups. Thus, individual number 10 identified the first indi-
vidual in the first Global group; and individual number 209 identified the
last individual in the last Control group. The eight participants in the
extra group were assigned individual numbers 210 through 217, and the 27
subjects in the first control group were assigned individual numbers 501
through 527. The individual numbers for the various primary groups appear

on the boxes indicating these groups in Figure 7.



67

The Delphi process was independently run to convergence in three itera-
tions for each of the 21 groups. During the process six participants dropped
out of five Delphi groups for various reasons that were discussed in Chap-
ter 3. Therefore, the lowest number of participants in any one group at
convergence was eight. This figure is more than was required, since only
seven participants were deemed necessary, in each Delphi group at conver-
gence, to maintain the desired accuracy and reliability. Communication with
the participants was conducted by mail after the initial presentation
except for a limited number of telephone calls placed either by a partici-
pant to pose a question or by the administrator to check into late replys.
After convergence of the data base design had been achieved in each of the
21 groups, the attitude scale was readministered by mail to all of the par-
ticipants who were still active.

One of the primary objectives, in the development of the experimental
design for the cognitive style phase of the experiment, was the minimization
of the possibility of introducing experimenter bias into the process. This
objective was not adherred to or even considered desirable in the Delphi
evaluation phase of the project. In the Delphi evaluation phase the adminis-
trator made every effort to conduct the Delphi project in the best possible
manner. The objective was to determine if a Delphi methodology for data
base design could be applied successfully in an actual application. Even
though the possibility does exist that another administrator could con~
ceivably present the method in such a manner as to cause its failure, this
fact is not considered to be relevant. However, the validity of the cog-
nitive style results is inextricably linked to the experimental design;
therefore, both the strongest and the weakest aspects of the design, in
regard to the introduction of experimenter bias, are discussed.

The minimization of the reactive effect to the measurement instruments
is felt to be the strongest aspect of the experimental design. All, but one
of the 200 participants, were completely unaware of the cognitive style
experiment that was being conducted as a part of the PFDS project. The
fact that an experimental Delphi type methodology was being used in the
design of the PFDS data base was the extent of the participants' knowledge
concerning the nature of the project. The administration of the cognitive

style scale was explained during the presentation as being a method for
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determining the amount of detail the participants would prefer in the output
from the system. The fact that the cognitive style score would also be
used as a basis for assignment to Delphi groups was not meritioned, and

there was no indication during the experiment that any of the participants
guessed this purpose. Likewise, the attitude scale was administered under
the title Opinion Survey; and its purpose was explained as a method for
obtaining the participants' opinions regarding the system before and after
they were familiar with the data contents of the data base. It was explained
that these opinions would be used in evaluating the decision of whether or
not to proceed with implementation of the system. Since the cognitive

style portion of the experiment was not apparent to the participants, it is
unlikely that the common experimental effect, of the subjects trying to
please the experimenter, was present in regard to the cognitive style phase
of the experiment, In addition, further mitigation of possible reactive
effects was felt to take place as a result of the Delphl methodology. The
Delphil requirement of having to agree as a group is belleved to suppress
some of the reactive tendencies that might be found when dealing with indi-
viduals. Tt is difficult to imagine an unconscious conspiracy on the part
of the group to adopt, for example, a Global response set and to play out
the Global role as a group.

The weakest aspect of the experimental design derived from the neces-
sity of the administrator having to grade the cognitive style scales and
also having to develop the master list of data items. It may be theoreti-
cally possible, although practically impossible in a highly complex situa-
tion such as PFDS, that the administrator could have unconsciously memorized
the 200 cognitive style scores and then unconsciously tried to structure
the 1300 data item master list in order to produce a cognitive style effect
in the experiment. It was anticipated that a few complaints might be
registered by participants because of the slight changes in the wording of
data items that was necessary in order to eliminate redundancy. Thus, evi-
dence that the above mentioned experimenter effect did not take place in
the PFDS experiment can be found in the fact that 'only one participant
registered a mild complaint that the returned output did not exactly match
his initial input.
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Summary

Four major hypotheses concerning the influence of cognitive style and
the attitude of potential users in a Delphi methodology for data base design
were formulated, and an experimental design which was developed to test
these hypotheses was presented. The procedures, for sample selection and
for utilization of the scores obtained from attitude and cognitive style
scales 1n assigning participants to Delphl groups, were discussed. It was
pointed out that the criteria used for the selection of the cognitive style
scale and the construction of the attitude scale would be covered in the
next chapter. A numbering system which was devised to facilitate the
computer processing of the participants' replys was also described. Finally

some strengths and weaknesses of the experimental design were presented.
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CHAPTER 5. MEASUREMENT INSTRUMENTS

Methods for numerically scoring the behavioral dimensions of cognitive
style and attitude are necessary in order to implement the experimental
design outlined in Chapter 4. Therefore, this chapter describes the instru-
ments that were selected and developed to numerically assess the cognitive
style and attitude characteristics of the individual participants. The
first section of the chapter discusses a commonly used instrument, for mea-
suring cognitive style, that was selected for use in the PFDS data base
design project. The second section deals with the steps that were followed
in order to modify a recently validated attitude scale to make it applicable
to the PFDS effort in the THD.

Hidden Figures Test

The work of McKenney, Keen, and others, which was summarized in Chapter
2, Review of the Literature, has been directed toward the development of a
comprehensive model of cognitive style. This author views the McKenney,
et al work as holding forth the possibility of eventually culminating in
a sound model for use in cognitive style research. However, the fact that
the model utilizes twelve written tests requiring one-and-a-half hours
coupled with the fact that the model is still in the preliminary stages of
development mitigated any enthusiasm for its adoption in the PFDS project.
The more traditional views of cognitive style, which have received wide
recognition in the literature, were adherred to in the search for a suitable
cognitive style instrument.

As was also discussed in Chapter 2, the concept of cognitive style is
characterized by many diverse behavioral dimensions such as perception,
adaptation, intellect, and personality. In our present rudimentary stage
of understanding there has been a tendency to concentrate on particular
aspects of cognitive style; and one all encompassing measure has not been

developed, although tests have been perfected which address a specific
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dimension of the concept. Therefore, "for research purposes cognitive style
has been operationally defined in terms of the testing situations; that is,
instruments, used to measure it" (Ref 32, p 8).

Several criteria were employed in the process of selecting a cognitive
style dimension and its associated instrument for use in the PFDS project.
First, it was considered essential that the instrument be consistent with
the nature of the task that the participants were being asked to perform,
i1.e. articulate data items used in their decision making experience.
Secondly, it was highly preferable that the instrument be a standardized
test developed by experienced testing specialists. Finally, it was con~-
sidered desirable that the test have a prior history of being employed in
similar lines of research. Fortunately it was possible to locate an instru-
ment that meets all of the above criteria.

The Hidden Figures Test (HFT), developed by the Educational Testing
Service of Princeton, New Jersey, in 1963, is an adapted version of the
original written test which was used by Witkin to determine a subject's
ability to overcome an embedding contest. Educational Testing Service's
designation adapted version indicates that the test is "parallel with the
original test'" (Ref 37, p 4), i.e. within measurement error measures the
same varlable. The work of Witkin and his assoclates, on the field
dependence-field independence concept, represents the first and most
extensive body of research in the cognitive style field. The concept has
been examined in depth and widely reported in the literature. In this work
Witkin has shown that the ability "to keep an item separate from a field or
embedding context" is related to the field dependence-field independence or
global-analytical concept (Ref 67, p 172). In addition it has been shown
"that ability to break up an existing structure and the ability to structure
an unstructured situation tend to go together" (Ref 67, p 175). In other
words, the analytical subject is better able to impose structure on a field.
Furthermore, the ability to articulate experience has been shown to be
linked with analytical ability (Ref 67, p 176). Since the participants in
the study were being asked to pull data items from an unstructured context,
it was concluded that the HFT adequately meets the first criterion.

Educational Testing Service's extensive experience in test development

and administration unequivocally satisfied the second criterion; therefore,
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attention was directed toward determining if similar research had been con-
ducted with either the HFT or the parallel Embedded Figures Test used by
Witkin. It was found that Doktor and Hamilton, in their study of the rela-
tionship between management reporting styles and cognitive style, employed
the original Embedded Figures Test in their experiment (Ref 27, p 885).
Thus the third criterion was also satisfied, and the HFT was selected for
use in the PFDS data base design project.

The HFT 1s a multiple choice test which requires the subject to decide
which one of five simple geometrical figures can be found in a more complex
pattern. The manual for administering the HFT indicates that it tests '"the
ability to keep one or more definite configurations in mind so as to make
identification in spite of perceptual distractions" (Ref 37, p 9). The
test consists of two parts each with 16 items, and the subject is allowed
10 minutes to complete each part. The level of difficulty of the test is
high and a wide variance in scores has been found.

The subject's cognitive style score is the number of right answers cor-

rected for guessing by the following formula:
W
§ =R - A

where § is the corrected score, R is the number of right answers, and W is
the number of wrong answers. The higher the subject scores on the test the
more analytical is his cognitive style. A copy of the directions for the
HFT, which include two sample items, can be found in Appendix p,

Attitude Scale

A search of the literature failed to reveal the previous existence of
a scale developed expressly for the purpose of measuring attitudes toward
data base systems. In addition, when consideration was given to the pos-
sibility of developing a scale specifically for the purpose of the PFDS
research effort, it was concluded that difficulty would be encountered
because of the limited population to which the scale would be applied. It
was conceivable that almost the entire population, concerned with PFDS

within the THD, could have been contaminated by an attempt to develop a
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suitable attitude scale. Fortunately a generalized scale used to measure
attitudes toward any one of a general class of OR/MS model referents was
located.

The attitude scale recently validated by Schultz and Slevin for OR/MS
model implementation was selected and modified for use in the experiment.
This instrument was designed so that it would "be applicable to a variety
of populations and a variety of innovations" (Ref 78, p 18). The instru-
ment was pilot tested on 136 MBA students at the University of Pittsburgh
and then field tested in a large heavy manufacturing company in the Pitts-
burgh area. The attitudes of 98 potential users of an MIS innovation, that
was scheduled to be implemented in the company, were measured with the atti-
tude scale. These attitude scores were found to be significantly correlated
with an expressed intention to use the MIS innovation when it became opera-
tional.

The Schultz and Slevin instrument is based on the Likert summated rat-
ings technique. In this method of attitude measurement the subjects are
required to select any one of five categories: strongly disagree, disagree,
uncertain, agree, or strongly agree to express theilr response to each
statement in a set of statements. Although the original Schultz and Slevin
scale consists primarily of favorable statements, it is traditional that the
set of Likert statements be composed of two approximately equal classes of
statements differentiated into favorable and unfavorable categories since
"attitudes are learned predispositions to respond to a psychological object
in a favorable or unfavorable way" (Ref 35, p 257). These categories are
welghted such that the most favorable attitude will always have the highest
positive value. 1In the favorable statements, the strongly agree response
is assigned a weight of four, the agree response a weight of three, the
undecided response a weight of two, the disagree response a weight of one,
and the strongly disagree response a weight of zero. In the unfavorable
statements, the scoring system is reversed, with the strongly disagree
response being assigned the weight of four and the strongly agree response
the zero weight. The subject's total attitude rating is then obtained by
summating his scores from each of the individual statements in the set.

The Schultz and Slevin instrument originally consisted of 67 items;
however, a factor analysis of the data obtained in both the pilot and field
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tests indicated that only 57 of the 67 Likert items loaded on seven factors,

which were defined as:

1. Manager's job performance

2. Interpersonal relations

3. Changes resulting from model

4. Goal achievement and congruence
5. Support for the model

6. Client/researcher interface

7. Importance and urgency of results.

Schultz and Slevin feel that these factors "are consistent with previous
empirical findings and meet a priori expectations.” 1In addition, they feel
that these factors "provide useful guide-lines for future research by allow-
ing the investigator to focus on a small number of behavioral dimensions"
(Ref 78, p 19).

In order to decide which of the 57 statements, that loaded on the
" seven behavioral dimensions, to include in the PFDS attitude scale, it was
first necessary to gain a clear conception of the attitude variable toward
which the PFDS scale was to be directed. Shaw and Wright state that

As the attitudinal referent is conceived to be goal facilitating, it

will be evaluated positively; it is evaluated negatively to the extent

that it is conceived as inhibiting or interfering with goal attainment.

. +« « This affective, evaluative reaction will be more intense as the

goal 1s more important to the conceiver (Ref 80, p 6).

This property of attitudes was selected as the first criterion for evaluat-
ing the suitability of the Schultz and Slevin items for inclusion in the

PFDS attitude scale. It was assumed that the more PFDS is seen to facilitate
the goals of the user the more favorably will he tend to view PFDS. 1In other
words, statements were selected that appeared to have a direct relationship
to the subject's personal or organizational goals.

A second criterion that was used in the selection of statements was the
factor loadings assoclated with each of the 57 items. From those items that
clearly reflected the goal relationship, the items with the highest load-
ings were selected. This two level selection process resulted in twenty-two
of the Schultz and Slevin statements being included in the PFDS attitude

scale. Ten of these statements came from the Job Performance dimension,
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four from the Goals dimension, two from the Support dimension, two from the
Client/Researcher dimension, and four from the Urgency dimension. The two
statements from the Client/Researcher dimension, along with three other
statements developed by this author, were included in Part II of the PFDS
scale which measures the subject's attitude toward his participation in the
PFDS data base design. The remaining twenty statements from the other dimen-
sions were used to make up Part I of the scale which deals with the subject's
attitude toward PFDS itself,

Several of the Schultz and Slevin statements were altered slightly to
better reflect the statements' pertinence to PFDS. In addition, since it
was desirous of adhering to the traditional Likert framework of approxi-
mately one-half favorably worded and one-half unfavorably worded statements,
ten of the Schultz and Slevin items had to be modified to take on a negative
connotation. This was a precautionary measure to avoid ths possibility of
the subjects developing a response set to the questionnaire. After the
statements were suitably reworded, their order of appearance in the PFDS
scale was determined by a random assignment procedure. The two part, twenty-
five item scale resulting from this process served as the starting point for
further validation.

Although it was strongly felt that the discriminate sezlection of state-
ments with the highest factor loadings from a previously validated scale
would in itself result in an adequately valid and reliable scale for PFDS
use, further validation procedures were employed as a check. Prior to
utilizing the scale on the test group of 24 subjects, a crude approximation
of validity and reliability was obtained by having a group of ten subjects
adopt an attitude set toward PFDS before completing the questionnaire. Five
of the subjects were instructed to adopt a favorable attitude set and the
other five an unfavorable set. The mean score from the five favorable sub-
jects was high (85.8) with a low standard deviation (6.9), and the mean
score from the five unfavorable subjects was low (13.6) with a low standard
deviation (7.3). Albeit crude, these findings indicate that the scale
possesses a high degree of construct validity. As a by product of this pre-
liminary testing it was discovered that one of the items was ambiguously
worded, thereby allowing a correction to be made before administering the

scale to the test group of 24 subjects.
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In addition to the construct validity a split-half reliability was
also run on the data obtained from the ten preliminary subjects. In the
split-half method, the total number of statements is divided into two parts
and each part 1s treated as a separate scale, The reliability measure is
the correlation between the scores on the separate parts. Since a random
assignment of statements had been previously made for the PFDS scale, it
was decided that the even number statements would constitute one part and
the odd number statements the other part. Denoting the correlation coef-
ficient or reliability measure by p , it was found that p = .98 for the
correlation between the odd and even halves. This correlation coefficient
was the reliability for a scale only one-half as long as the scale actually
used in the project; therefore, a method for estimating the reliability of
the larger scale was required (Ref 84, p 87).

The Spearman-Brown Prophecy formula indicates the increase in relia-
bility that can be expected as a function of the length of the scale. The
revised reliability (p') is given for a scale that is n times longer than
the original scale by the formula

R |
P 1+ (a-Dp

In the case of the split~half method n = 2; and substitution of p = .98,
which was calculated for the half scale, yielded a revised reliability esti-
mate p' = .99. This very favorable result, although quite crude, prompted
the decision to proceed with the use of the attitude scale for the test
group.

A more refined internal consistency reliability estimate was obtained
from the results of administering the scale to the test group of 24 subjects
by the widely used Cronbach o method (Ref 84, p 89). In this method the
reliability estimate o 1s calcu%ated from the formula:

) 52
n i=1"1
L 1-55—1]

o, =

where n 1s the number of items in the scale, X 0% is the sum of the diag-

onal elements of the covariance matrix, and oi is the variance of the total
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scale. This method offers a more powerful reliability estimate since it
"examines the covariance among all of the items simultaneously rather than
in a particular and arbitrary split" (Ref 84, p 87). Analysis of the
results of the attitude scores of the test group ylelded an a of .91.

Since the Cronbach « internal consistency reliability estimate was
also found to be very favorable, it was concluded that the attitude scale
was adequate for use in the PFDS project. A copy of the attitude scale is
included in Appendix D under the title PFDS OPINION SURVEY,

Summary

The selection of an appropriate cognitive style dimension and its
assoclated measurement instrument(s) was limited to those cognitive style
concepts that have been reported in the literature and are widely recognized
and accepted by workers in the field. The first and most =xtensive body
of research in the cognitive style field is that related to Witkin's field
dependence~field independence concept. Since this concept postulates a
predisposition to behave in certain ways in situations closely related to
the task that the participants were being asked to perform in designing the
PFDS data base, the Hidden Figures Test (HFT), which is used in measuring
this concept, was selected for numerically assessing the participants'’
cognitive style.

An attitude scale that had been previously validated for use in OR/MS
model implementation was modified and tested for use in the PFDS project.
During the testing phase the modified scale was found to have a very high
internal consistency reliability; therefore, this modified attitude scale
was adopted for use in the PFDS data base design project.

The two instruments offer a means for numerically scoring the experi-
mental dimensions of cognitive style and attitude. Thus the scores obtained
from administering the HFT and the attitude scale were used in statistically
testing the hypotheses put forth in Chapter 4, Research Design. The
results from the statistical tests of these hypotheses are discussed in

the remaining chapters.



CHAPTER 6. COGNITIVE STYLE AND THE
ARTICULATION OF DATA ITEMS

The first hypothesis in Chapter 4 postulates a relationship between
a potential user's cognitive style and his ability to independently develop
data items that he perceives as being important in a data base. In a
Delphi methodology, the participant is initially faced with the task of
extracting information from his experience, that deals with his past
decisions or decisions that he anticipates in the future; and he is asked
to supply this information in a specific form. The first section of this
chapter examines the nature of this task in terms of the cognitive style
concept and sets out the assumptions that led to the formulation of
Hypothesis 1. Then, the second section of the chapter presents the results
from the test of Hypothesis 1 that were obtained in the cognitive style
experiment which was conducted as a part of the project to design the PFDS
data base. The significance of the results are &iscussed in terms of the

implications they hold for the PFDS cognitive style research effort.

Nature of the Task

In supplying data items for potential inclusion in a data base, the
Delphi participant is called upon to identify types of information that
he feels might be important in problem situations likely to confront him
in the future. As was discussed in Chapter 1, if the variables and inter-
relationships amongst the variables in a problem situation are well
defined, the need for a data base system, other than for archival pur-
poses, is small. It is in ambiguous and complex problem situations that
the need for a data base system is greatest. Thus, almost by definition,
the participant in a Delphi type data base design project is faced with
a complex ambiguous environment, Therefore, in accomplishing his task of
supplying data items, the participant is required to differentiate and

articulate the relevant elements of this complex stimulus. He is required
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to overcome the embedding context of the whole problem and to identify the
parts of the problem that are pertinent to its solution. He must then
restructure the elements he has identified in order to present them in the
specified form.

Many of the various aspects of the task, that the participant is being
required to perform when he is asked to supply potential data items, have
been found to be related to the field-dependent/independent or global-
analytical concept. In the review of the literature that was conducted in
Chapter 2, it was shown that Witkin and his associates have found the
global individual to be less adept at overcoming a dominani organization in
his attempts to identify relevant discrete items within a complex field.

In addition, the global individual has also been found to he less adept
at structuring ambiguous stimuli. For example, global people require a
relatively longer time to locate a familiar figure hidden in a complex
design; and in the Rorschach inkblot test the global person is usually
unable to impose organization on the stimulus material, which he usually
percelves as vague and indefinite.

The Delphi participant is in essence being asked to identify the
concepts underlying the particular problem for which the data base is
being designed and to articulate these concepts in the form of relevant
data items. A recent study by Davis and Klausmeier (Ref 23) investigated
the relationship between a subject's performance on a standard concept
identification task and his cognitive style as measured by the Hidden
Figures Test. "An individual's cognitive style was found to influence his
concept identification performance. Individuals identified as analytical
on the Hidden Figures Test experienced little difficulty in identifying
concepts while subjects (low analytic) who experienced difficulty in locat-
ing the simple figures in the Hidden Figures Test experienced considerable
difficulty in concept identification. Individuals falling in the middle
of the Hidden Figures Test distribution performed at an intermediate level
of performance on the concept identification task' (Ref 23, p 427).

Peter Keen, whose work was also reviewed in Chapter 2, has attempted
to relate cognitive style to individual decision making. He cautions that
certain types of individuals, whom he characterizes as Intultive, are unable
to reconstruct the steps they follow in arriving at problem solutions

because these steps are unknown to them. Therefore, Keen feels that the
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intuitive type simply cannot articulate the types of data they use in
their decision making activities.

The considerations, enumerated above, led to the assumption that the
cognitive style of participants is likely to be an influence on the number
of data items they submit for the initial round of the Delphi process.

It was assumed that the global type individual would be less likely to
submit a large number of data items than the analytical type individual.
These considerations and assumptions were used in the formulation of the
hypothesis that, in the initial round of the Delphi process, the number of
elementary data items submitted will be significantly correlated with the
participants' cognitive style.

Correlation Found in PFDS Experiment

In the PFDS cognitive style experiment the subjects' cognitive styles
along the global-analytical dimension were assessed with the Hidden Figures
Test (HFT). The scores on the HFT ranged from -3 to 26 for the 241 par-
ticipants in the project. A count was also taken of the number of data
items each of the 208 active participants submitted for the first round of
the Delphi process to design the PFDS data base. The number of items
initially submitted ranged from &4 to 179 for the 208 active participants.
The pertinent data, on the 241 participants in the PFDS project, is
included in Appendix E. The first column of this data is the individual
numbers that were described in the discussion of the sample assignment
procedures in Chapter 4. The second column contains the HFT score for
each individual, and the third column is the number of data items submitted
by each of the participants for the first round. The other columns contain
the prior and post Delphi attitude scores and the rankings of the partici-
pants in regard to their HFT and pre-attitude scores. The pre-attitude
and post-attitude scores will be referred to in Chapter 8 when the effect
of participation on the potential users' attitudes is reported. The
places where blanks or zeros occur in the data, other than in the HFT
scores, indicate that the participant dropped out of the process; and a
rough indication of when the individual dropped can be obtained from the

consideration of which scores are missing.
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A correlation coefficient was computed between the HFT data contained
in the second column and items submitted data contained in the third
column. The correlation coefficient (r) obtained between the HFT scores
and the data items submitted was .230; and this correlation was found to
be significantly greater than zero at the o = .0005 level. Therefore,
the coefficient of determination (r2) equals .053, which iadicates that
approximately five and one-half percent of the factors contributing to
the participants' performances on the HFT also contribute to their per-
formances in submitting data items.

In the PFDS experiment the coefficient of determination is not only
small, but as in all correlational analysis there is no firm evidence to
support an inference that cognitive style accounts for even this small
common factor that was found between the participants' performances on
the HFT and their submittal of data items. For example, one rival hypoth-
esis, although it is not viewed by this writer as being higzhly plausible,
might be that intelligence accounts for both the HFT and data item sub-
mittal performances. Even though no attempt was made to control for IQ
in the experiment, the credibility of this rival hypothesis is in doubt
because all participants in the project held responsible positions and were
selected with regard for their ability. However, the fact remains, it is
concelvable that some plausible rival hypothesis may account for the common
factor that was found. The significant positive correlation between HFT
acores and data items submitted can only, at best, provide a possible indi-
cation that cognitive style accounts for both performances.

The significance of possibly accounting for only five and one-half
percent of the variance in terms of cognitive style may, at first glance,
appear to be minor; however, when viewed from the perspective of what could
be expected, the findings take on an added significance for the PFDS cog-
nitive style research effort. There are many probable sources, other than
cognitive style, effecting the variance in the participants' submittal of
data items., The amount of time each participant has available for the
project and the participant's familiarity with the subject of the project
probably have a great deal to do with the number of items he submits. For
example, in the PFDS project, researchers who were intimately familiar

with the PFDS concept appeared to be more likely to submit a large number
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of items independent of their cognitive style. In light of the fact that

a large variance would ordinarily be expected in the submittal of data
items, the correlation found in the PFDS cognitive style experiment appears
to be a significant finding. The fact that a zero correlation was not
present to disconfirm Hypothesis 1 provides a tentative favorable indication
that the more extensive research conducted to test Hypothesis 2 might prove
to be valuable. The results of the statistical tests of Hypotheses 2 and

3 are discussed in the next chapter.

Summary

The considerations and assumptions, leading to the formulation of
the hypothesis that the number of elementary data items submitted by par-
ticipants for the first round of the Delphi process will be significantly
correlated with their cognitive style, were presented. The origin of these
assumptions, in terms of the nature of the task as it is influenced by
the cognitive style concept, was reviewed. In this review, it was shown
that the global individual is less adept at overcoming a dominant organiza-
tion in his attempts to identify relevant discrete items within a complex
field. This cognitive style characteristic provided the foundation for the
development of the hypothesis.

The small, positive, and significant correlation between HFT scores
and data items submitted, which was found in the PFDS experiment, was
reported; and the significance of the results were discussed. It was empha-
sized that it 1is impossible to attribute a causal relation to cognitive
style on the basis of the evidence available in the correlation coefficient,.
However, when the results are viewed in light of the many possible sources
of variance in the participants' submittal of data items a strong indication
portending the eventual identification of cognitive style as a definite
influence in data base design is obtained. It was also pointed out that the
statistical tests of Hypotheses 2 and 3 will be presented in the next chap-
ter. Fortunately, it will be possible to draw formal inferences, concerning
the influence of cognitive style in the Delphl methodology for data base

design, from these tests.
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CHAPTER 7. COMPARISON OF DELPHI DESIGNS

Five primary Delphi groups were formed to participate in the PFDS
project as was discussed in Chapter 4. The basis for subdividing the par-
ticipants into the five groups was the expectation that they would each
converge to data base designs different from one another. This chapter
explores the nature of these expected differences. A statistical method
is developed for testing if significant differences do exist between data
base designs that have been produced through a Delphi type methodology.
Then, the results obtained from the application of this statistical method
to the designs achieved by the five primary PFDS groups are presented.
These results are discussed in terms of both the cognitive style and atti-

tude influences that were apparent in the PFDS effort.

Expected Differences

The five primary PFDS groups--Global, Mixed, Analytical, Attitude,
and Control--were each expected to converge to data base designs dif-
ferent from one another. A major influence in this expectation was the
homogeneous cognitive style characteristics of the Global, Mixed, and
Analytical groups. It was felt that, if individuals with different cog-
nitive styles prefer different types of information to support their
decision making activities, then a Delphi group composed solely of indi-
viduals with a particular cognitive style type would converge to a data
base design significantly different from that obtained by a group composed
solely of individuals with a different cognitive style type. The expec-
tations regarding the cognitive style influence in the PFDS experiment are
embodied in the second hypothesis of the PFDS study which states that:
Three distinct sets of Delphi groups; the first composed of more amalytical
participants, the second composed of more global participants, and the
third composed of participants falling in between the global and analytical

extremes; will converge to data base designs that are significantly different.
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A second major factor that was expected to influence the type of
data base design obtained in the PFDS experiment, concerned the participants'
attitudes toward the system. It was theorized that those PFDS participants,
who initially held low attitudes toward the system, would be likely to
participate in the Delphi data base design process in a manner independent
of their cognitive style. For example, it was recognized that the analytical
type with a low attitude might refrain from developing detail, to the
degree that he was capable, in the data items he submitted and evaluated.
These considerations, concerning the influence of attitudes in the Delphi
process, are embodied in the third hypothesis of the PFDS study which
states that: A set of Delphi grups composed of participants with least
favorable attitude scores will converge to a design that is significantly
different from the design obtained by groups with similar cognitive style
scores but higher attitude scores. In other words, an unfavorable atti-
tude score moderates the cognitive style effect.

Although not formally stated in the form of hypotheses, there was the
additional expectation that at least some, if not all, of the four primary
groups covered by the cognitive style and attitude factors would converge
to data base designs that were significantly different from that of a
control group composed of randomly selected participants. It was felt
that the Global and Mixed groups would have a high probability of converging
to data base designs different from that of the Control group; however,
the design of the Analytical group was not necessarily expected to be
significantly different from that of the Control group. This speculation
was based on the postulated tendency of the analytical individuals to be
more profuse and more detailed in the number of data items they would be
likely to submit and evaluate. It was felt that the global individuals in
the Control group might be overwhelmed by the analytical individuals' more
detailed output. Therefore, it was anticipated that the contributions of
the global people in the Control group might be minimized, resulting in no
significant difference between the data base designs of the Analytical and

Control groups.
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Statistical Method

Since the PFDS study apparently involved the first attempt to statis-
tically compare data base designs, it was necessary to develop a statistical
procedure in order to test the hypotheses concerning the influence of
cognitive style and attitude in a Delphi type data base design process.

Even though the cognitive style influence was definitely expected to pro-
duce a significant difference in the length of the different designs,

the mere comparison of the number of data elements in these designs was

not aesthetically appealing. One of the major speculations, in the develop-
ment of the experiment, was that a content difference would also be visible
between the different designs. Therefore, it was felt that any statistical
procedure used in the comparison should simultaneously take into considera-
tion both the length and content aspects of the designs being tested.l

The statistical procedure that was developed basically allows for
either a pair-wise comparison between two of the five primary groups or a
one-way analysis of variance between three ormore of the primary groups.

The pair-wise test was adopted for the PFDS experiment, and it is described
herein. However, the analysis of variance procedure is very similar.

As was discussed in Chapter 4, the five primary groups, representing
the different treatments occurring in the experiment, were each composed
of four separate Delphi groups. Each one of these 20 Delphi groups con-
verged separately on importance ratings for a particular set of data items
from the master list. The idea behind the statistical test was to determine
if the four replications of this process which occurred in one of the five
primary treatments were significantly different from the four replications
occurring in one of the four remaining treatments. To accomplish this task
a t ratio was calculated for the importance rating of each data item that
was rated non-zero by one or more of the eight groups involved in a par-
ticular pair-wise comparison. In calculating the test statistic for the
ith data item (t4), the importance rating of the ith item (A{) was con-
sidered to be zero for those groups that did not have the ith data item in

1The following method, which was used to accomplish this objective, was
first proposed by Hugh J. Williamson of the Center for Highway Research at
the University of Texas at Austin. His assistance in this critical facet
of the experiment is gratefully acknowledged.
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their final lists. Thus, the mean importance rating on the ith data item
for the kth treatment (A 4) could be calculated:

n
Ay = z A4 where: n=4, the four replications in
=l " each PFDS treatment.

k=1 or 2, designating which
of the two treatments in
the pair-wise comparison
is under cousideration.

and then

- — 2 2
£y = Ali - A2y where: 8- = ‘/n151+n2:82 ‘/nlﬂlz
nitn2-2 njiny

i=1 ) , the

sample variance.

m =n) =np = 4, the four
replications in each
PFDS treatment.

The ¢4 ratio provided an indication of the differences between treat-
ments on the ith data item. The remaining question was to determine if the
total of the differences on all items, rated non-zero by ome or more of
the eight groups, was significant. Since the ¢y ratio could be either
negative or positive depending on which treatment happened to rate the ith
item more importantly, it was necessary to provide a means whereby a sum-
mation process to obtain a master test statistic would not result in the
cancellation of the differences existing between treatments. Squaring‘
the ¢4 ratio eliminated this contingency; and it was then possible to sum
the t% for all of those data items considered by at least one of the eight
groups, to obtain a master test statistic, which will be <denoted as S.

N
S = zi=1 ti where: N = total number of items con-

sidered by one or more
groups.
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Since N was large in each of the comparisons, the summation of the
2
ti was considered to be approximately normal by the central limit theorem.

2
In addition t” equals F; therefore, assuming the ¢, to be uncorrelated, the

i
expected value and variance of the distribution that was obtained from

2
summing the large number (N) of ti could be expressed as N{E[F(V ,vz)]} and
N{V[F(Vl;vz)]} respectively. Furthermore, the expected value of F is

known to be v

_ __2
2
and the variance of F is given by
2
2V (Y, -2

VIF(V.,v,)] =
172 \)1(\)2—2)2 (v2—4)

Thus, it was possible to test

S - N{E[F(vl,vz)]}

N{V[F(vl,vz)]}

against the standard normal distribution to determine if the two data base
designs in a particular pair-wise comparison were significantly different
in terms of both the length as measured by the number of data items and
the content as reflected in the importance ratings.

The primary assumption underlying the development of the statistical
procedure is the requirement that one or more of the eight groups must
consider a particular data item in order for it to be included in the
analysis. Since it is theoretically possible to construct an almost
infinite number of data items, the requirement, that at least one of the
groups consider each data item, is necessary in order to be able to detect
any difference whatsoever in the data base designs. If data items were
included which were not considered in any of the group lists, then the
eight group importance ratings would all be zero; and there would be no
differences existing in regard to those particular items. If a large
number of these items were included in the analysis, no differences would
be apparent between any of the data base designs. It is, therefore,

obvious that the requirement of a data item having to be considered by at
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least one group is justified; however, the question remains of whether or
not two, three, or even four groups should be required to have considered
an item before it is included in the analysis.

In the statistical procedure that was followed in the PFDS experiment,
the question, of how many groups need to consider a particular data item
before the item warrants inclusion in the summation process, was approached
by conducting a sensitivity analysis in which the number of groups required
to intersect an item was varied. The sensitivity analysis not only prb—
vided a method for coming to grips with the number of groups required to
intersect an item problem, but it also provided a check on the efficacy
of the statistical procedure. By observing the changes in the significance
levels as the number of groups was varied, it was possible to conclude
that the procedure was converging and functioning as intended. These
considerations are discussed at greater length in the next section when

the results from comparing the PFDS data base designs are 9presented.

PFDS Experimental Results

The statistical procedure outlined above was applied to the data base
designs achieved by the five primary PFDS groups. Each possible pair-
wise comparison in the set of five primary groups was performed; and the
results of the ten comparisons are presented in Tables 1, 2, and 3.

Tables 1, 2, and 3 were compiled under the three separate and respective
restrictions that at least one, two, and three of the eight Delphi groups
involved in a comparison had to have considered a particular data item in
order for the item to have been included in the summation process to obtain
the master statistic. The first two columns in the three tables indicate
which two primary groups were involved in each of the ten comparisons.

The third column gives the number of data items that were included in the
summation process. The fourth column presents the Z score for each of the
comparisons, and the fifth column indicates the levels at which any dif-
ferences are significant. Due to the nature of the statistical procedure,
the negative Z scores are not meaningful, and only the positive Z scores
were used to obtain the significance levels.

A brief review of the three tables provides information not only on

the sensitivity of the statistical procedure, in terms of the number of
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TABLE 1. COMPARISON OF DELPHI DESIGNS
AT LEAST 1 GROUP PER ITEM

Number of
Group vs. Group Data Items Z Score a
Global Mixed 502 5.184 .000005
Global Analytical 617 1.907 .05
Global Attitude 500 -2.432 -
Global Control 813 15.185 .000005
Mixed Analytical 666 ~1.171 -
Mixed Attitude 565 -2.547 -
Mixed Control 852 10.135 .000005
Analytical Attitude 676 171 -
Analytical Control 938 -2.279 -
Attitude Control 868 -1.733 -
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TABLE 2. COMPARISON OF DELPHI DESIGNS
AT LEAST 2 GROUPS PER ITEM
Number of

Group vs. Group Data Items Z Score o
Global Mixed 208 11.093 .000005
Global Analytical 272 5.991 .000005
Global Attitude 206 -.736 -
Global Control 289 30.064 .000005
Mixed Analytical 300 1.405 .1
Mixed Attitude 242 -.797 -
Mixed Control 346 19.960 .000005
Analytical Attitude 308 3.379 .0005
Analytical Control 389 .611 -
Attitude Control 326 1.647 .05




TABLE 3. COMPARISON OF DELPHI DESIGNS
AT LEAST 3 GROUPS PER ITEM
Number of

Group vs. Group Data Items Z Score a
Global Mixed 112 15,702 .000005
Global Analytical 144 7.154 .000005
Global Attitude 113 -.807 -
Global Control 159 39.790 .000005
Mixed Analytical 182 2.098 .025
Mixed Attitude 146 -.276 -
Mixed Control 186 27.457 .000005
Analytical Attitude 168 4,142 . 00005
Analytical Control 227 1.150 -
Attitude Control 179 1.997 .025
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groups required to intersect each item; but it also yields an indication

of how well the method meets the objectives of simultaneously considering
both length and content. As the number of groups required to intersect

an item is increased from one in Table 1 to three in Table 3, the joint
number of items considered by the eight Delphi groups involved in each
comparison decreases., The number of data items considered also increases
as a function of cognitive style in each of the three tables. As expected,
the Analytical-Control comparison is based on a larger number of joint
items (938) than the Global-Mixed comparison (502). The role that content
plays in the statistical procedure 1s indicated by the fact: that the

number of joint items is approximately the same for the Global-Mixed (502)
and Global-Attitude (500) comparisons; however, the Global-Mixed comparison
indicates a significant difference in designs at a high confidence level,
while the Global-Attitude comparison Indicates no significant difference in
designs. Finally, the Z scores and significance levels appear to be moving
toward convergence as the required number of groups 1s increased from one
to three, These factors all tend to indicate that the statistical pro-
cedure functions as intended.

Unfortunately, it is lmpossible to conclude from the sensitivity
analysis exactly what the optimum number of required groups should be;
nevertheless, the sensitivity study does provide a framework for the
discussion of the results. The sensitivity information 1s used, in the
next two sections, to discuss the changes that occur in the comparisons as

the number of groups required is altered.

Cognitive Style Comparisons

The null form of Hypothesis 2 states that there are no significant
differences in the data base designs achieved by the Global, Mixed, and
Analytical cognitive style groups. Tables 1 through 3, which present the
results of the statistical tests, provide an indication as to whether or
not the null hypothesis should be rejected in favor of Hypcthesis 2.

There are three pair-wise comparisons--Global-Mixed, Global-Analytical,
and Mixed-Analytical--in the tables, that are relevant to the problem of
determining what influence cognitive style might have had in the data base

designs. A review of the three comparisons across the three tables can
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be used to address the question of what degree of confidence can be placed
in the rejection of the null hypothesis.

The Global-Mixed comparison shows that a significant difference, at
a very high confidence level, exists between the data base designs of the
two groups in all three tables. Although in Table 1 the Global-Analytical
comparison is significantly different only at the a = .05 level, the
confidence in this difference becomes much greater when either two or
three groups are required to have considered an item as indicated in
Tables 2 and 3., However, the Mixed-Analytical comparison does not show
a significant difference until Table 3 and then only at a moderate level
of confidence, The results could possibly be viewed as somewhat mixed,
since all three comparisons were not significantly different in all three
tests. Nevertheless, there still appears to be ample evidence for reject-
ing the null hypothesis with a high level of confidence.

Even in light of the small sample size, the results are especially
encouraging for the cognitive style theory. The significant difference
in the Global-Mixed comparison at the o = ,000005 level in all three
tables lends a high degree of confidence to the rejection of the null
hypothesis. The failure to disconfirm Hypothesis 2 in the PFDS experi-
ment and the lack of immediately apparent plausible rival hypotheses to
account for the difference offer a great deal of support to the theory
that cognitive style is likely to be an influence in information system
design.

Attitude Comparisons

The null form of Hypothesis 3 states that there will be no signifi-
cant difference between the data base designs achieved by Delphi groups
composed of participants with least favorable attitude scores and the
designs achieved by groups with similar cognitive style scores but higher
attitude scores. Table 4 presents the mean Hidden Figures Test (HFT)
scores for the various groups participating in the PFDS study. The
information in Table 4 can be used in conjunction with Tables 1 through
3 to evaluate the possibility of attitude acting as a moderating variable

on the cognitive style effect.



TABLE 4. GROUP HFT SCORES

Group Mean HFT
All Participants 10.25
First Control 11.56
Entire Delphi 10.08
Global 4,12
Mixed 10.62
Analytical 17.29
Attitude 7.64

Second Control 10.20
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From Table 4 it can be seen that the mean HFT score for the Attitude
group is 7.64 and that this score falls approximately in the middle of
the mean HFT scores for the Global (4.12) and Mixed (10.62) groups. Refer-
ring to Tables 1 through 3, both the Global-Attitude and Mixed-Attitude
comparisons show no significant differences in any of the three tables; but
both the Analytical-Attitude and Attitude-Control comparisons do begin to
show significant differences as the number of groups required is increased.
However, it should be noted that the Attitude-Control difference is not
as significant as the Analytical~Attitude difference. In conjunction with
this observation, it should also be noted, that in Table 4 the Second
Control group mean HFT score is approximately equal to the mean HFT score
of the Mixed group.

From these facts it is impossible to derive any evidence whatsoever
that would support the rejection of the null hypothesis regarding the per-
formance of the Attitude group. Therefore, it is concluded that attitude

does not act as a moderating variable on the cognitive style effect.

Unobtrusive Measures

In an attempt to cross-validate the cognitive style and attitude
effects, four supplementary measures, in addition to the cognitive style and
attitude scores, were maintained on each participant. The results from the
first of these measures--the time the individual participants took to return
their Delphi communications for each iteration--are presented in this
chapter. The other three supplementary measures are discussed in Chapter 8.

"Once a proposition has been confirmed by two or more independent
measurement processes, the uncertainty of its interpretation is greatly
reduced."” Furthermore, the validity of the interpretation is even more
enhanced if one or more of the multiple measures is unobtrusive in nature,
i.e. it does not require the cooperation of the subject and the measurement
process itself does not contaminate the response (Ref 87, pp 2-3). The
time to return measure meets the above criteria, since the PFDS participants
were completely unaware that their responses were being evaluated in this
regard.

The number of days that each participant took to return the Delphi

communication was recorded for each iteration. The time to return for the
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initial submission phase was measured from the day of the presentation to

the day the initial input forms were received by the administrator, and the
time to return for the subsequent iterations was measured from the day the
Delphi communication was mailed until the day it was returned to the adminis-
trator. Since the participants worked individually during the initial
submission phase and as a group during the subsequent iterations, separate
averages for the time to return were developed for the initial submission

and group phases of the Delphi process. Thus, a mean time to return for each
of the 20 Delphi groups was calculated for both the initial submission and
group phases of the process. This resulted in four replications of the
average time to return for each of the five treatments in the experiment.

Next, a t test was performed on the mean time to retuvn for each pos-
sible pair-wise comparison in the set of five primary groups. The ten
pair-wise comparisons were evaluated for both the initial submission and
group phases of the process. No significant differences were found in any
of the comparisons for the initial submission phase, and the results of the
ten comparisons for the group phase are presented in Table 5. The negative
sign in the ¢ score indicates that the group on the right in the Group vs.
Group column took longer to return the Delphi communications than the group
on the left.

The fact that the tests of the time to return in the initial submission
phase did not show any significant differences indicates that the differences
in the subsequent iterations are a result of a combination of both cognitive
style and participation in the Delphi process. It is also interesting to
note that the length cf the Delphi communication apparently has little, if
any, effect on the time to return statistic. This fact is pointed out by
both the lack of significant differences in the initial submission phase as
well as the lack of a significant difference in the Global-Analytical com-
parison in the subsequent iterations phase. The converged Analytical designs
were much longer than the converged Global designs; and, if length were a
factor in the time to return, it would be apparent in the Global-Analytical
comparison.

The Control group was composed of randomly selected irndividuals;
therefore, it contained a wide range of cognitive styles. Reference to

Table 5 shows that the more homogeneous Global, Mixed, and Analytical
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TABLE 5. TIME TO RETURN SUBSEQUENT ITERATIONS
Group vs. Group t o
Global Mixed -1.3331 .5
Global Analytical -.2486 -
Global Attitude -1.9474 .05
Global Control -4.5196 .0025
Mixed Analytical .4507 .8
Mixed Attitude -1.0952 .25
Mixed Control -3.6685 .01
Analytical Attitude -1.0841 .25
Analytical Control -1.9910 .05
Attitude Control -1.0232 .5
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groups all required significantly less time to return than the Control
group., These differences are statistically significant at the .0025, .01,
and .05 levels respectively. The Attitude group was also composed of par-
ticipants with divergent cognitive style scores; however, the mean of the
scores is much less than for the Control group. Therefore, it is not sur-
prising to find that similar differences, which are by no means as signifi-
cant, also exist in the Global, Mixed, and Analytical vs. Attitude compari-
sons. This probably indicates that the homogeneous cognitive style
grouping is more supportive or at least less frustrating to the Delphi
participants than a grouping that requires the participants to deal with
group members who have significantly different cognitive styles.

The differences, between the cognitive style groups in regard to the
time to return, confirm the presence of the cognitive style effect that was
found in the data base designs. This cross-validation wita an unobtrusive
measure lends a great deal of weight to the theory that cognitive style is
a factor that must be recognized and dealt with in information system

design.

Summary

The differences that were expected to be observed between the data
base designs achieved by the five primary PFDS groups were discussed in
terms of: (1) Hypothesis 2, which covers the cognitive style effect:; and
(2) Hypothesis 3, which covers the effect of attitude on cognitive style.
A statistical procedure, which was developed to test these hypotheses,
was then discussed. The prime objective in the developmen: of the statis-
tical procedure was to obtain the ability to compare the data base
designs in terms of both length and content. The results, from the appli-
cation of the statistical procedure to the data base designs achieved by
the five primary PFDS groups, were presented in the form of a sensitivity
analysis that incorporated three variations of a primary assumption under-
lying the procedure. The results of comparing the data base designs
achieved by the cognitive style groups were discussed, and it was con-
cluded that the results lend a great deal of support to the theory that
cognitive style is a factor that must be dealt with in information system

design. The results of comparing the data base designs achieved by the
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Attitude group with those achieved by other groups were also discussed; and
it was concluded that a low attitude does not act, to any appreciable
degree, as a moderator of the cognitive style effect in the Delphi data
base design process. The results from an unobtrusive measure, that con-
firmed the presence of a cognitive style effect in the PFDS experiment
were discussed; and it was concluded that this independent verification
lends a great deal of weight to the theory that cognitive style is a fac-

tor which should be considered in information system design.
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CHAPTER 8. DELPHI: A SUBJECTIVE APPRAISAL

Quite often in experimental research, soft data is available in the
form of investigator impressions; and although these impressions are by
necessity contaminated at least to some degree with investigator bias
they may still be worthy of mention. In this regard, this chapter exam-
ines some of the opinions, impressions, and observations of the Delphi
administrator that were recorded during the PFDS project. Consequently,
it must be cautioned at the onset of the chapter that the data which is
discussed, albeit interesting, has the possibility of being highly contami-
nated by the investigator's personal bias.  In addition, the data is not
readily quantifiable and amenable to stringent statistical tests; there-
fore, any inferences that are drawn must be of a highly speculative
nature. With these caveats firmly in mind, the chapter will begin with a
brief review of where the Delphi methodology is perceived to fit in the
design process. Then some of the possible alternatives that are available
for subsequently utilizing the results of the Delphi method in the tech-
nical stage of the design process are presented. The application of
Delphi in the PFDS data base design project is used as an example to illus-
trate these concepts. Next a general discussion of the trade-off between
the costs and benefits of applying the Delphi methodology in the area of
data base design is conducted. Finally, several observations of the admin-

istrator regarding differences between cognitive style groups are reported.

Delphi in Perspective

In Chapter 1 it was pointed out that the data base design process
can be roughly divided into two categories, The first treats the probiem
of identifying the user's information needs and specifying how the data
is to be collected, while the second deals with the problem of classifying
the data items and establishing the data structure. In addition it was
also pointed out that the first step in the design process can be consid-

ered to be of a non-technical nature from the user's viewpoint, while
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the second step requires a technical competency that the users of a

system may not normally possess. The Delphi methodology that 1is proposed
in this report has been shown to be an effective method for handling the
problems associated with the non-technical side of the design process. How-
ever, difficulty was encountered when an attempt was made to extend

Delphi into the technical area during the PFDS project. Therefore, this
section of the chapter briefly presents the PFDS data base design project
administrator's views as to how the results of a Delphi process might be
utilized during the technical stage of the total design task. The purpose
is to illustrate the relative position of the Delphi methodology in the
overall design effort. The PFDS project will be used, in both this section
and the next, as an example to illustrate this relationship.

As a general rule, this investigator would only recommend the use of
multiple Delphi groups in those situations where it is deslrable to examine
the effects of experimental variables on the resulting data base desigms.
As a consequence of this policy, a single data base design would normally
result; and after all redundancies have been eliminated those data items,
that were ranked above some established level in regard to importance,
would be included in the final list of data items. For those cases where
multiple Delphi groups are used, the procedure that was utilized in the
PFDS project is recommended until further research can produce better
methods for combining the results from multiple groups.

The combining process used in the PFDS project is described in detail
in Chapter 3, and it is briefly reviewed here. A pass down the master
list of data items is made, and the mean and range of the importance
ratings calculated from the importance ratings of all groups considering
each item are output. If an item has a high mean and a small range, it
is definitely included in the final data item list. Likewise, if an
item has a small mean and a small range, then the item is definitely
excluded from the final 1ist. Those items that are not clearly defined
by this criteria are reserved for further consideration.

In the case of multiple groups where the automatic procedure for
eliminating redundancy is to be utilized, it is preferable to apply the
elimination procedure after the combining process has been performed.

This precaution avoids the possibility of retaining different items of
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the same redundancy in different groups and having the redundancy reappear
in the combined final list. Consider as an example the converged lists of
data items, included in Appendix C, that were derived by two of the PFDS
Delphi groups. The first list, individual number 40, is from a global
group; and the second list, individual number 120, is from an analytical
group. Data items 420 through 424 all deal with the thickness of the base;
and they can be considered a redundancy, although it is recognized that
there may be separate data items for the thickness of the base for the
traffic lane and the thickness of the base for the shoulder. The list
from the analytical group has clearly rated items 421 and 422, Base
Thickness~Traffic Lane and Bagse Thickness-Shoulder, as being more impor-
tant than items 420 and 424, Base Thickness and Flex Base-Depth. 1In
contrast, the global group has rated item 424 more important than item 420
for expressing the base thickness of the traffic lane. If the redundancy
were eliminated in the separate lists before they were combined, it is
not clear that the redundancy would not reappear in the final list. There-
fore, it is preferable to apply the elimination procedure after the com-
bining process has been performed. This same set of data items also pro-
vides an example of the qualitative differences that were observed
between the results of the different cognitive style groups, and the
example will be referred to in a subsequent section of this chapter when
these differences are discussed.

Thus, in the event of either single or multiple groups the objective
of the Delphi process which is described in this report 1is to provide a
final, non-redundant list of data items which have been recommended by the
potential users for inclusion in the data base. Coupled with the informa-
tion on who is to supply the data items, the final data item list symbolizes
the accomplishment of Step 1, the non-technical stage of the data base
design process. This list is then used during Step 2, the technical stage
of the data base design process, to finalize the data base design.

First, the data item descriptors which have been ranked high enough
in importance during the Delphi process to warrant being retained in
the data base must be transformed into more definitive data elements.
The data element definition precisely specifys the nature of the data

included in the particular data element; and it contains such items as
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dimensional information and whether the element is composed of alphabetic
or numeric characters. The process of compiling this portilon of the data
element dictionary could conceivably be handled by a systems analyst work-
ing in conjunction with specialists in the particular fields encompassed
by the data, by a committee, or by additional Delphi groups. This investi-
gator feels that the Delphi process possibly holds some potential for
assisting in the preliminary stages of developing the data element defi-
nitions. For example, in the PFDS design project small Delphi groups
composed of specialists in a particular function could develop the precise
specifications for the data elements related to their functional area, i.e.
flexible pavement experts could consider the asphalt relatad data items
and rigid pavement experts could consider the concrete related items.

The concept at least appears to warrant further consideration, and it is
an area in which further research is recommended.

The next step in the design process involves the determination of the
logical structure or hierarchical ordering of the data elements. However,
at this stage in the development of the Delphi process it is not clear
that the potential users are capable of assisting in the design of the
logical structure for a data base. Furthermore, it is not obvious that
their participation would add anything of value to the quality of the
data base. Further research to clarify the advisability of having the
potential users participate in this area is, therefore, called for. Omn
the other hand, this investigator feels that the participation of the
potential users in the final step of the design process, development of
the physical structure of the data base, is definitely not warranted and
would probably lead to disastrous consequences,

In summary, it is this investigator's opinion that the evidence found
in the PFDS experiment warrants the conclusion that the Delphi method
possesses excellent potential for widespread application in the non-
technical phase of the data base design process. However, the advisa-
bility of extending the method into the technical stage of the design
process is still open to speculation; and the question needs to be
resolved through further research. In addition, the successful involve-
ment of a large number of the potential users of PFDS illustrates that
the Delphi process may be a method for effectively implementing the
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participation in organizational decision making that is so widely touted
in the management literature and has up until now been just as widely
ignored in terms of methods for implementation. As such, it is this
investigator's opinion that the Delphi process, which is examined in

this report, can be more widely viewed as a potential means for implement-
ing the participative management philosophy. In this vein, the statistical
results from examining the participative effect of the Delphi process in

the PFDS project are reported in the next chapter.

Delphi in PFDS

In the PFDS project, the Delphi procedure was conducted by a research
group, from the Center for Highway Research, working on behalf of the
potential users of the system. Participants in the project were composed
of 241 potential users from several of the Headquarters Divisions and all
of the District offices in the Texas Highway Department (THD). Further-
more, the participants consisted of individuals from several functional
areas in the Department such as design, maintenance, and research.

The computer systems specialists, who have ultimate responsibility
for the implementation of all computer systems in the THD, participated
in Step 1, the non-~technical phase of the project, only as observers.
After the PFDS Delphi had been run to convergence in three iterations,
the computer systems personnel then requested that the results from com-
bining the output of the 21 groups, which was discussed in Chapter 3 and
also in the immediately preceding section of this chapter, be supplied
to them in order that they might begin Step 2, the technical phase of the
data base design process. Thus, the PFDS Delphi project yielded a list
of 1310 data items which were rank ordered in regard to their importance
as perceived by 241 potential users of the system.

It is important to realize that the PFDS data item list does not
constitute a data base, but only a set of descriptors for data items
that the potential users feel are important enough to be included in the
system. As such the output of the Delphi process can be viewed as only
a rough overall design of the framework for the data base. The detailed
technical design of PFDS must still be completed, and this detailed

design effort will by necessity have to be undertaken with regard for
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the data base management system and other technical considerations that

influence the physical structure of the data base.

Cost vs. Benefit

Ordinarily one of the more central concerns in the adoption of a
proposed policy is the determination, with at least some degree of cer-
tainty, that the policy will be cost effective. Unfortunately, the
Delphi process, because of the lack of specific benefit figures resulting
from the method's rudimentary stage of development, can not as yet be
rigorously shown to be cost effective. However, a brief review of some
of the more salient cost and benefit considerations may assist a potential
applier of the Delphi process in arriving at his own intuitive appraisal
of the method's worth.

On the cost side of the ledger, the application of a Delphi method-
ology to the problem of data base design requires major resources from

the following areas:

(1) potential users' time,
(2) administrator's time,
(3) data entry, and

(4) computer time.

Ignoring for the moment the benefits accruing from the achievement of a
more representative and possibly more useful data base and the benefits
arising from the participative effect which is likely to promote increased
and more intelligent use of the system, we are left with the question of
what is the likely difference in cost between the Delphi and traditional
methods of implementing a data base. It is this investigator's opinion
that there is little or no difference in cost either way between the two
methods. The Delphi method merely requires the reapporticnment of the
resources normally expended in the implementation of a data base system
which happen to be approximately the same as the resources listed abonve.
The basis for this opinion derives from the belief that the resources
expended in the Delphi effort can be recovered during the training phase
assocliated with data base implementation. Normally the users of a data

base system must spend a great deal of time becoming familiar with and
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gaining an understanding of the data definition underlying a data base.
It is felt that the involvement of the potential users in a Delphi type
design effort will greatly diminish the additional time required for them
to achieve the familiarity and understanding necessary for effective
utilization of their system. In fact it is this investigator's impres-
sion that the Delphl process can be completed in less time than an equiv-
alent training program. Similarly the administrator's time is believed
to be about the same as that required by an instructor to assist the
users in achieving an equivalent degree of understanding during the train-
ing phase. 1In addition, it is believed that the resources expended on
data entry and computer time during the Delphi process can be recovered
from the user's more efficient use of the computer during the learning
process. As a result of these trade-offs it is believed that the total
expenditures required to bring a data base system to the operational stage
either through a Delphi type methodology or a more traditional approach
are approximately the same,

Even if the potential applier of the Delphi method is unconvinced
of the cost equivalency of the two approaches, he must still consider the
more representative nature of the Delphi derived data base, A better
representation of the users' data needs is bound to lead to more effective
utilization of the system. Furthermore, the participative effect accruing
from the application of a Delphi type methodology is likely to be the
deciding factor in whether or not the system is used enough to warrant
its existence. These additional considerations surely offset any cost

difference that may exist between the two approaches.

Administrator Observations

A couple of interesting relationships can be observed in the data
which were developed in the preceding chapter. First, the Attitude group
not only has a low attitude but it also has a substantially lower mean
HFT score than the Second Control group which was randomly selected. This
might possibly tend to indicate that the global individual is on the
average more likely to have a lower attitude toward a data base system
than the analytical type. This could be a result of the global individ-

val's propensity to ignore, in his decision making activities, the types
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of information normally present in data base systems. Second, the
Analytical-Control comparison was the only comparison involving a cogni-
tive style group and the control group that failed to show a significant
difference in Tables 1, 2, and 3. This result might be explained by the
global individual's tendency to be overcome by the more profuse output of
the analytical type. Therefore, there may be no reason to expect a
difference to exist between the data base designs achieved by Analytical
and randomly selected groups.

Furthermore, the administrator of the Delphi process observed
several phenomenon, during the course of the PFDS experimeat, which also
confirm the presence of the cognitive style effect. Although the observa-
tions are not supported by stringent statistical tests and merely repre-
sent investigator opinion; they are nevertheless considered to be worthy
of mention.

It was observed that the data items developed by the Global group
tended to be more general or global in nature than the data items
developed by the analytical groups. The global types seemed to be more
concerned with specifying types of information that they would like to
have in reports rather than specific elementary data items. For example,
the data items specified by the Global groups were often capable of
being calculated from more elementary data items. In contrast, the
analytical types appeared to be more interested in breaking the data
items down into their most elementary form. In this regard the analytical
types were much more specific with their descriptors than the global
types, and a couple of the analytical participants in the Control group
evidenced some concern that the descriptors were not being specified in
enough detail. On the other hand the global types appeared to be much’
more comfortable with any ambiguity that existed in the descriptors.

An example of these differences can be found in the data items that
were used in the first section of this chapter to illustrate the method
for eliminating redundancy. In specifying the data items for base thick-
ness (items 420 through 424) the analytical group was clearly more
specific and detailed in their selection than the global group. The
reader is reminded that the converged data item lists from both a global

group (individual number 40) and an analytical group (individual number
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120) can be found in Appendix C. 1In these lists it can be observed that
the analytical group rated both Base Thickness-Traffic Lane and Base
Thickness-Shoulder as 5.0 while rating the other descriptors for base
thickness much lower. 1In contrast, the global group was much less spe-
cific in identifying the data item descriptor or descriptors they pre-
ferred for base thickness.

Although it was difficult to generalize from the few observations
that were available, it appeared that the global types were probably more
free and creative in their expression of data items while the analytical
types appeared to be bound to more conventional types of data. For example,
some of the global types expressed data items that had apparently never
been used or previously considered, while the analytical types showed a
tendency to rely on standard engineering practice, e.g. sometimes including
items directly from highway specifications.

Examples of these phenomena can be found in the two converged data
item lists that are included in Appendix C. Items 782 through 787 which
deal with sources and uses of funds can be found in the global group's
list while the items are completely ignored in the analytical group's list.
Only one reference to a specification item can be found in the global
group's list while seven references to specification items are apparent
in the analytical group's list.

The Delphi administrator's observations of the participants' per-
formances during the project also offer a contribution toward understand-
ing the attitude change that took place. As the participants progressed
through the Delphi process, their enthusiasm for the project appeared to
increase rather than wane as might be expected. Toward the latter part of
the project, the participants' conversations with the administrator began
to take on a much more friendly and constructive tone. For example, par-
ticipants, with whom the administrator might be conversing, frequently
offered to prompt other participants in their District who were late
returning the printouts. Although a degree of relaxation and increased
friendliness would normally bé expected, the significant increase in the
intensity of the participants' interest that was observed is interpreted
as indicating a much greater improvement in attitude than was measured by

the questionnaire. It is theorized that this attitude improvement was
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toward the organization and those implementing the system rather than
directly toward the system itself as measured by the attitude scale. The
results of the statistical tests which were performed to verify the exis-
tence of the participative effect in the PFDS project are discussed in
the next chapter. The observations of the administrator were reported
here in order that the reader might gain a better appreciation of the

attitude change that took place during the PFDS project.

Summarx

This chapter was used as a vehicle to report the Delphi administra-
tor's observations and impressions of the functioning of the Delphi
method in the PFDS project. The first section of the chapter examined
the relationship of Delphi to the overall data base design process while
the second section illustrated the relationship with a discussion of the
application of Delphi in the PFDS data base design project.. The third
section presented some general considerations on the cost effectiveness
of the method; and finally in the fourth section, several observations
of the Delphi administrator, which support the cognitive style conclu-

sions, were reported.



CHAPTER 9. EFFECT OF USER PARTICIPATION
IN THE DESIGN PROCESS

A Delphi type methodology for data base design is predicated on the
assumption that the potential users of an information system will actively
participate in the data base design process. Therefore, the question,
of what effect this participation is likely to have on the participants'
attitudes toward the system, is of central interest. The first section
of this chapter examines the expectations, regarding the influence of
participation on the attitudes of the potential users, that are embodied
in the fourth hypothesis of the PFDS study. The next section sets out the
statistical procedure that was followed in testing this hypothesis and
presents the results that were obtained in the PFDS experiment. Finally,
these results are discussed in terms of their importance for the future

application of the Delphi methodology in the area of data base design.

Expectations Regarding Participation

The effects that take place as a result of encouraging an organiza-
tion's members to actively participate in the organization's decision
making activities have received a great deal of attention over the last
two decades. It is believed that this style of leadership, which has been
labeled the participative management approach, leads to increased excel-
lence in decisions as well as other benefits which stem from an increase in
the morale of the organization's members.

The Delphi approach to the problem of data base design falls in this
category. 1t provides an excellent means for tapping the expertise of the
most knowledgeable people, to determine what the contents of the data base
should be; and theoretically the approach also offers many advantages
arising directly from the participative process it engenders. 1In fact
the two clésses of benefits appear to be 1lnextricably linked, since in
the past the greatest successes arising from the participative approach

have been in areas where the participants have had something worthwhile
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to contribute, as do the potential users of a data base system.

The participative approach is particularly well suited to situations
in which the solution alternatives are approximately of equal quality,
and the participants are qualified because of their education and/cr
experience to render an opinion related to the problem. The greatest
benefits from the approach are realized when a high quality decision is
required in an ambiguous situation, and the successful implementation of
the decision depends on group acceptance. There are various benefits
which have been identified as being related to the participative approach.
For example, in circumstances where the above conditions have been met,
the approach has been found to lessen resistance to change, to promote
stronger organizational identification, and to elicit greater effort toward
obtaining organizational goals.

The data base design process appears to be an excellent opportunity
for use of a participative approach. 1In a data base there are many sets
of data elements that would be of approximately equal valus, and group
acceptance of an information system is critical to its effectiveness. The
Delphi approach to data base design, by its very nature, requires the
participation of the potential users of the system; therefore, some of
the advantages of the participative approach are expected to occur from
the use of the technique.

A critical measure of the success of an information system 1s the
degree to which the system is used; and it 1s expected that the usage of
a system will be improved as a result of applying the Delphi approach to
the design of the data base. In the PFDS study it was impossible to obtain
usage measures for a system that was non-operational and still in the
planning stages; therefore, a surrogate measure for usage was adopted.
Attitudes toward an object reflect a predisposition to respond to the
object in a favorable or unfavorable way. In fact the Schultz-Slevin
attitude scale that was adopted in the PFDS study has been found to be
significantly correlated with an expressed intention to use an MIS innova-
tion when it became operational. Thus, Hypothesis &4 was formulated,
which states that the attitude scores of all PFDS groups will be improved
as a result of participating in the Delphi process.
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Statistical Method and PFDS Results

The null form of Hypothesis 4 states that the mean attitude score of
at least one of the five primary PFDS groups will have failed to improve
as a result of participating in the Delphi project. 1In order to test
this hypothesis the attitude scale was first administered during the
District presentations as was discussed in Chapter 4. Then after all
Delphi groups had converged, the attitude scale was readministered by
mail to all participants. The individual results from the first and
second attitude scale administrations are included in Appendix E under
the titles ATT (PRE) and ATT (POST) respectively. The means of both
scores were computed for each of the five primary PFDS groups, the First
Control group, and all groups that participated in the Delphi project
combined. The 27 subjects in the First Control group only completed the
tests and did not participate in the Delphi project. The purpose of the
First Control group was to provide assurance that extraneous variables
were not involved in any improvement that might be noted in the other
groups. The mean scores for the groups were calculated as matched pairs
without the scores from the subjects who dropped being included in the
calculation.

A t test for dependent samples was performed, on the difference
between the matched attitude scores, for each of the seven groups men-
tioned above. Although the specific hypothesis was stated in the form of
an improvement in the attitude scores, there was a broader interest in
whether or not the attitude scores of the groups changed in either direc-
tion. Therefore, the significance level of the attitude difference for
each group was determined on the basis cf a two~tailed test even though
the hypothesis was stated in the form of a one-tail test.

The results of the ¢ tests are presented in Table 6. The first
column indicates the group involved. The second and third columns give
the mean attitude scores before and after the Delphi treatment; and the
fourth column provides the difference in the two scores. A positive score
indicates improvement in attitude on the part of the group; and a negative
score indicates a deterioration in attitude. Finally, the fifth column

presents the level at which the differences were found to be significant.
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TABLE 6. ATTITUDE CHANGE
Mean Mean Att

Group Pre-Att Post-Att Difference a

First Control 66.15 62.85 -3.30 05
Entire Delphi 64.01 65.54 1.53 .05
Global 67.05 68.80 1.75 .1
Mixed 69.32 68.72 -.60 -
Analytical 67.97 66.62 -1.35 -
Attitude 50.92 59.54 8.62 .0005
Second Control 63.86 63.46 -.40 -
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Discussion of the Results

The First Control group was included as a precautionary measure to
agssure that any positive change in the participants' attitudes was
definitely a result of their participation in the Delphi process and not
due to the intervention of some extraneous variable. An examination of
the first entry in Table 6, which presents the data pertinent to the
First Control group, gives a positive indication that the control group's
ability to perform its function as intended was not impaired. In this
regard, it may be noted that the mean of the pre-attitude scores of the
First Control group appears to be considerably greater than that of
either the Entire Delphi or Second Control groups. Both the first and
second control groups were randomly selected from all of the participants;
therefore, it would be expected that the means of the pre-~attitude scores
of the First Control, Entire Delphi, and Second Control groups would be
approximately the same. This fact is borne out in the closeness of the
means of the pre-attitude scores of the Second Control group and the
Entire Delphi group. 1In order to resolve the possible discrepancy, a ¢
test was performed which compared the mean of the pre-attitude scores of
the First Control group against that of the Entire Delphi group. No sig-
nificant difference was found between the two means at the .05 level; and
it was concluded that the apparent difference was due to chance. There~
fore, it was assumed that the function of the control group was not
impaired by some unaccounted for influence.

Between the two administrations of the attitude scale, the First
Control group experienced a downward shift in attitude that was signifi-
cant at the .05 level., An analysis of the possible reasons behind the
downward movement revealed that there are several factors and combinations
of factors that could have contributed to this shift. As an example, four
of the possible reasons are enumerated below:

(1) a downward shift in the attitude scores of all participants
resulting from the intervention of extrameous variables between
the two administrations of the attitude scale;

(2) a feeling of rejection on the part of the comtrol subjects for
not being allowed to participate in the Delphi project;
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(3) the participation effect may have taken place when the subjects
were initially invited to attend the presentation, and the
rejection of the control subjects returned their attitudes to
their normal pre-participation levels; and

(4) a positive shift in attitude was experienced by all participants
but the rejection effect discussed in reason (2) caused a total
downward shift in the attitude of the control group.

No attempt was made to determine the specific reason behind the shift in
the control group. Since the attitude change of the control group was in
the opposite direction of the attitude change experienced by the Entire
Delphi group, it was assumed that a conservative estimate of the partici-
pation effect could be obtained by ignoring the attitude shift of the
First Control group. This assumption was predicated on the belief that
the probability was very small that reason (4) accounted for the shift in
the control group.

Under the probably conservative assumption that the results from the
First Control group can be ignored, it is impossible to reject the null
hypothesis which predicted that the mean attitude score of at least one
of the five primary groups would fail to improve as a result of partici-
pating in the Delphi project. Thus, the specific research hypothesis,
that all groups will improve as a result of Delphi participation, failed
to gain support from the PFDS experiment. However, an overall gain, for
the Entire Delphl group, that was significant at the .05 level was
experienced. This result tends to indicate that participation in the
Delphi process does lead to improvement in the participants' attitudes
toward the system, although not to the widespread extent that was initially
expected.

In analyzing the group components of the overall attitude improvement,
extreme care must be exercised in jumping to the possibly specious con-
clusion that the great majority of the increase is due to the low attitude
group. Statistical regression toward the mean, which invariably occurs
when subjects are segregated into groups on the basis of extreme scores,
probably accounts for a large proportion of the apparent increase found
in the Attitude group. Less substantial evidence of this phenomenon can
also be found in the Analytical group where the mean pre-attitude score

lies toward the upper end of the attitude continuum. Regression toward
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the mean may account for the apparent decrease in attitude in the case

of the Analytical group. In contrast, the Mixed and Global groups, which
also lie toward the upper end of the attitude continuum, do not demonstrate
the corresponding decrease in attitude that would be expected. In
addition, the positive attitude change of the Global group is significant
at the .1 level in the two-tail test and would have been significant at

the .05 level in a one-tail test; therefore, it is concluded that the
Global group sustained an appreciable increase in attitude as a result

of the Delphi process.

In addition to the Hidden Figures Test (HFT) and attitude scale
scores, four other observations were maintained on each individual in an
attempt to provide multiple measures for cross-validation of the cognitive
style and attitude concepts. The first of these measures, the speed of
return of the Delphi communications, was previously referred to in
Chapter 7. As a second measﬁre, it was noted whether or not an individ-
ual's 1ist of initial data items was typed. Then, at the end of the
experiment, the participants were given an opportunity to request a copy
of their group's printout to keep for their records; and, as a third
measure, it was noted which individuals actually made the request. The
three measures are less obtrusive than the HFT or attitude scale; but
unfortunately no correlation could be detected between the typing and
request for copy measures and any aspects of the PFDS experiment.

However, the fourth measure, which is also obtrusive in nature,
provided useful information regarding the participants' attitudes toward
the Delphi process. An optional free-form space was provided on the second
attitude questionnaire where the PFDS participants were allowed to make
any comment they desired about the Delphi process in which they partici-
pated. Comments were received from 66 of the 201 Delphi participants who
completed the questionnaire. Out of the 66 comments there was not a single
remark that could be considered derogatory to the use of Delphi as a
method for data base design. Several of the participants' comments are

listed below:

I believe the Delphi process to be the best possible way to compile
the index for an informational file of this nature (26).
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The Delphi process would appear to be an excellent tool for implement~
ing this type of system (150).

I consider it a great compliment to be considered in the process.
Very informative on my part, being able to read each participants'
comments and know your comments are of equal value (25).

This was a very interesting experience. The opportunity to have my
input evaluated by the Delphi process was very much appreciated (65).

In my opinion, considering the number of people involved in this
process, consummation of the project has been completed in minimum
time. Compared with old method--over the table argument and constant

personal disputes--I would say some twelve to eighteen months would
have been required (170).

I think the Delphi process is excellent for this type of data

system; however, I would like to reiterate that numerous data items

were duplicated or were closely related, and the number of data

items should be minimized (163).

The numbers in parentheses following the quotes, are the individual
numbers of the people that made the comments. The individual numbers
are included in order that the reader may compare the quotes with the
corresponding individual data in Appendix E, if he so desires.

Several comments, similar to the last comment quoted above (indi-
vidual number 163), were received from the participants both verbally
throughout the process and in writing as a part of the second attitude
questionnaire. These comments have prompted the conclusion that the
redundancy is probably best eliminated by an expert in the particular
field, during each round, instead of relying on the Delphi process to
perform this function as was described in Chapter 3.

Another interesting insight was also obtained from the participants'
comments. Four comments were received from glcbal type subjects, who ,
participated in the Second Control group, to the effect that their group's
list of items was long and complicated. No similar commerits were received
from any of the other participants, either in the Global group or the
other groups. This information is not unexpected, and when it is coupled
with the Global group's attitude improvement and the findings from Chapter
7 it invokes the speculation that Delphi participants may perform better
when segregated into separate cognitive style groups during the Delphi data
base design process. This speculation appearsto be especially warranted

as far as the global type of individual is concerned.
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Summary

The expectations regarding the effect of having a large number of the
potential users of a data base system participate in its development were
discussed in terms of the participative management approach. The partici-~
pants' attitudes were considered to be a good measure of any change that
might take place as a result of their participation in the Delphi process;
therefore, the manner in which the participative expectations led to the
formulation of the hypothesis, that the attitude of all groups would
improve as a result of the Delphi process, was discussed. The means of the
pre-Delphi and post-Delphi attitude scores for all groups were then sub-
jected to t tests to determine if significant differences existed. It was
found that the Entire Delphi group experienced a small positive change in
attitude, significant at the .05 level, during the Delphi process. The
contributions of the Global and Attitude groups to the overall attitude
improvement were discussed in terms of statistical regression toward the
mean, which was probably present in the PFDS experiment. The results from
the typing and request for copy measures, that were utilized in an attempt
to cross-validate the cognitive style and attitude concepts, were dis-
appointing; however, another measure, participant comments, was found to
be quite valuable in drawing conclusions regarding the Delphi process.

The overall conclusions of the study along with the recommendations for

further research are presented in the next chapter.
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CHAPTER 10. CONCLUSIONS AND RECOMMENDATIONS

The PFDS data base design experiment was successfully completed,
and all of the research objectives of the study were explicitly accom-
plished. 1In summarizing these accomplishments, the first section of
this chapter presents the conclusions that were reached regarding both
the overall Delphi process as well as the influence of cognitive style
in the methodology. The second section presents several recommendations
for further research that would be beneficial in a widespread applica-
tion of the Delphi methodology to other data base design problems. Then,
the third section brings the conclusions and recommendations together
in an explicit summary of the accomplishments of the study, while the
fourth section discusses the implications that these conclusions hold

for information system design.

Conclusions

The successful completion of the PFDS project in the Texas Highway
Department has definitely proven the Delphi process to be a viable method
for data base design. Although further refinement of the Delphi pro-
cedures 1s indicated by the PFDS findings, it is felt that the additional
development which is required can be carried out simultaneously with
actual applications of the method and that the extra development will
only serve to enhance the method's attractiveness. The findings of the
PFDS study which led to these conclusions are enumerated below:

(1) Successful completion of the PFDS project with a very small drop-

out rate of 5.4 percent over the entire process, and a drop-out

of only 2.9 percent of those who started the Delphi phase of the
project.

(2) Feasible PFDS data base designs that appear to be well thought
out and oriented toward the users' needs.

123
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(3) A small improvement, significant at the .05 level, in the attitude

of the participants toward the system after having taken part in
the Delphi process.

(4) Enthusiastic cooperation of all PFDS participants and their com~
ments regarding the desirability of the Delphi process as a
method for data base design.

(5) Participants' repeated comments that the redundancy should be

eliminated after each round.

In addition to the conclusions regarding the applicability of the
Delphi process in the area of data base design, the PFDS experiment also
yielded several interesting findings related to the influence of cognitive
style in both the general area of information system design as well as in
the application of the Delphi methodology to the data base design problem.
A great deal of attention in recent MIS literature (Refs 24, 27, 46, 54,
63, and 66) has been accorded to the possible importance of the cognitive
style factor in information system design. The results of the PFDS study
support the previous theorizations and research findings. Therefore, it
is concluded that cognitive style is a factor that should probably be
taken into consideration in future information system design efforts. The
cognitive style factor was also found to have a very significant influence
in the Delphi methodology for data base design. The specific findings
from the PFDS study which relate to these conclusions are listed below:

(1) The number of data items submitted by participants for the initial

round of the Delphi process was found to be positively correlated
with their cognitive style (r=.23, a = .0005).

(2) Homogeneous Delphi groups, composed of participants with dif-
ferent cognitive styles, converged to data base designs that
were significantly different from one another.

(3) The manner in which Delphi groups are structured, relative to
cognitive style, appears to be an important consideration not
only in regard to the data base design achieved; but also in
regard to the degree to which the subjects are able to participate
effectively in the process. The global type of individual
appears to function better in a group composed solely of other
global types.

Furthermore, it was concluded that, in addition to being a viable
method for data base design, the Delphi process provides an effective

research methodology for investigating subjects such as the effects of
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various personal characteristics of potential users on the information needs
they specify. 1In this regard, it is expected that the research methodology
might be used to address some of the recommendations for further research

that are presented in the next section.

Recommendations

The Delphi methodology for data base design, that was outlined in the
preceding chapters, presently offers a fully functional method for handl-
ing some types of data base design problems; however, it is felt that the
method's usefulness can be enhanced through additional research and develop-
ment effort. Since the method is fully functional, it is recommended that
the majority of this additional research be carried out in the context of
actual applications. In this regard, it should be recognized that these
applications might be either new data bases that are being considered for
implementation or existing data bases that require updating. The dymamic
nature of the decisions, that data base systems support, requires that the
contents of a data base be periodically reviewed; and the Delphi method-
ology appears to be an excellent method for involving the system's users
in this review. Figure 8 graphically presents the typical life cycle of a
data base and illustrates the points in the life cycle where the Delphi
methodolegy is likely to be particularly pertinent. Some of the recommenda-
tions for further research that are specified below can probably be carried
out in either new or existing applications, while others will definitely
require new applications in order to achieve the desired results.

(1) Conduct experiments to determine the best method for eliminating
the redundancy that occurs in the Delphi process.

(2) Experiment with various cognitive style groupings and develop
methods for combining their data base designs.

(3) Study the possibility of composing the Delphi groups solely of
experts in certain functional areas in order to rate certain
classes of data items, e.g. Delphi groups composed of concrete
pavement experts would only be concerned with concrete pavement
data items.

(4) Refine and re-apply the participation measures in order to better
determine when and toward what the participation effect takes
place.
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(5) Conduct longitudinal studies to determine the effect of cognitive
style, initial attitude, and participation on the actual usage of
operational systems.

(6) Attempt to develop methods whereby the potential user can be
brought further into the design process, e.g. the designation of
key vs. non-key and the hierarchical ordering of data elements.
Determine if this further involvement adds anything of value to
the Delphi method.

Accomplishments

Since several objectives were established at the onset of the study,
the accomplishments that were achieved in meeting these objectives are
necessarily numerous and diffused. 1In addition, the importance of the
accomplishments may not be apparent to the casual reader. Therefore, a
brief summary of what has been accomplished along with an indication of its
importance appears to be in order.

The Delphi method has been shown to be extendible from its traditiomal
use as a means for addressing well-structured problems where expert agree-
ment from an established viewpoint guarantees the validity of the informa-
tion content (Lockean Inquiry) to ill-structured problems where expert
opinion from multiple viewpoints is the guarantor of the system's validity.
This extension allows the Delphi process to be applied to the problem of
data base design; and the process thus removes the design problem from the
realm of an art, practiced by the systems analyst, to a set of systematic
procedures that directly comes to grips with the users' data needs. As
with all methods where only one individual's bias is brought to bear on a
problem, there is no assurance that a systems analyst's design will achieve
a useful representation of the user's needs. However, the Delphi proce-
dures guarantee that a more encompassing representation will be achievéd, in
those cases where the participants are truly interested in bringing about
an agreement. Such a set of systematic procedures has been long needed and
repeatedly called for in the MIS literature.

The successful verification of the Delphi ‘methodology's potential
through an actual application to a complex, real-life data base in a large,
decentralized organization greatly enhances the validity of the conclusion
that the methodology represents a viable method for use in the non-technical

phase of data base design. Furthermore, the successful involvement of a
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large number of the potential users of PFDS illustrates that the Delphi
process is a method for effectively implementing the user participation in
information system design that is so widely called for in the MIS litera-
ture.

In addition to establishing a set of functional procedures for data
base design the study has also produced a research methodology for
investigating the influence of various personal characteristics of poten-
tial users on the types of data they prefer. Central to the effectiveness
of the research methodology is a procedure for statistically testing dif-
ferences between data base designs. Both the Delphi research methodology
and the statistical procedure should prove to be valuable in subsequent
investigations into the effects of various information system variables.

Cognitive style has been postulated in the literature to be an impor-
tant MIS variable that warrants further research. However, up until now,
the concept has only received limited experimental attention; moreover, the
experiments that have been performed have usually been conducted in the
context of a student population. In addition, the author knows of no
previous attempt to examine the concept in terms of its effect on a data
base design. Confirmation of the existence of the cognitive style effect
in an actual organization is, therefore, of considerable importance; and
the fact that the existence of the effect was further verified by an
unobtrusive measure also lends a great deal of credence to the finding.
These facts establish cognitive style as a factor that should probably
be taken into consideration in further research on the Delphi methodology
as well as other facets of information system design. The research study
described in this report offers a firm foundation upon which these investi-

gations can be built.

Implications

The findings of the PFDS study hold a couple of important implica-
tions for the design of data base systems. First, the successful applica-
tion of the Delphi methodology in the Texas Highway Department indicates
that it is possible to develop systematic procedures for the non-technical

phase of data base design process. Therefore, further refinement of the
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Delphi procedures and/or development of additional design methods is
definitely indicated. The systematic procedures that are eventually
adopted will undoubtedly have a substantial impact on the future design
of data bases and their subsequent use in organizations. Second, the
identification of cognitive style as a significant factor in data base
design suggests that the failure to consider this variable in design
efforts could lead to serious losses in terms of a system's effectiveness
and its utilization by all of its potential users. Some organizations
may be composed predominantly of participants with a particular cognitive
style, and the design of information systems for these organizations may
be entirely different than the design of systems for organizations com-
posed predominantly of participants with different cognitive styles.
Still other organizations will require the concurrent consideration of a
wide range of cognitive styles, e.g. the potential users of PFDS. The
point is that ignoring this important variable could create unexpected
and possibly undesirable reactions on the part of the users toward the

systemn.
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INSTRUCTIONS FOR PFDS DATA BASE DESIGN PROJECT

Retain for Future Reference

Do NOT Return to the Administrator

Because of the inexact and imperfect nature of our present pavement
technology, the design and management of pavements is heavily dependent on
expert judgment. It is felt that this judgment can be supplemented and
possibly improved through the development and implementation of a computerized
pavement information system. The Texas Highway Department (THD) approach to
the development of such a system is based on the belief that the best source
of knowledge about the types of data that should be contained within the
system resides with the potential users of the system. As a potential user
and/or supplier of data to the system your opinions and expertise are needed
for the successful development of the system. Therefore, you have been
selected to participate in the design of the data base for the Pavement
Feedback Data System (PFDS).

This paper contains a brief description of what PFDS is expected to
accomplish, and a description of and instructions for the data base design
process in which you will take part. The purpose of this paper is to comple-
ment the introduction and instructions that you received during the presenta-

tion.

Pavement Feedback Data System

PFDS will be a computerized filing system for the storage and retrieval
of large amounts of pavement data. When completely developed and implemented
the system will be used by all functional areas in the THD such as adminis-
tration, design, maintenance, research, etc. The goal of this feedback data
system 1s to supply all levels of pavement personnel with certain physical and
cost data in a form convenient for use in managing the pavements within the
state. This data may be supplied in the form of regular periodic reports,

exception reports triggered by the occurrence of certain events, and print-out
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resulting from a specific inquiry. Our purpose is to reach an agreement as to
what types of data should be maintained in PFDS.
Examples of the types of data items that you may want to be included
in PFDS are:
Number of Lanes
Lane Width
Subgrade Soil Type
Annual Average Rainfall
Annual Average Temperature
Material Type for Each Layer
Layer Number
Cost of Subgrade Preparation/Lane Mile
etc.
The data items that are to be included in PFDS can be considered to fall
into one of four possible categories:
I. Locational Data
II, Design and Construction Data
Maintenance Data
ITII, Input to the Pavement
Traffic Loading
Climatic Input
IV. Performance Data
Since a great deal of attention has been previously given to the development
of suitable methods for locating a particular point in our pavement network,
you are requested to devote the greater portion of your effort to identifying
data items that fall in categories II through IV, However, 1if you feel that
certain locational data items are important and are likely to be overlooked,
please feel free to include these data items in your responses. |
You have been asked to supply your opinions regarding what data items to
include in the system. These opinions should be presented even though they
concern data items that are presently being collected and stored by other
divisions within the THD, This information, on data items that are presently
being collected, is necessary since an interface with the existing files will
have to be developed. In order to integrate your opinions with those of your

colleagues in the THD, you will participate in a technique that facilitates

the convergence of individual opinions to a reasoned group consensus.
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The Delphi Technique

The Delphi Technique is an iterative process that has traditionally been
used to bring about a reasoned agreement amongst a group of experts who
possibly hold divergent opinions on the question of interest. The partici-
pants are initially requested to present their individual views on the ques-
tion to an administrator who compiles the various opinions into a group
estimate, The information derived from the group is then fedback to each of
the participants. The participants are asked to rethink their position in
terms of the group estimate and to report their revised opinions to the admin-
istrator. This process is continued until convergence to an agreement has been
achieved.

It has been shown that by avoiding face to face confrontation a higher
quality agreement can be achieved., Spurious influences, such as the presence
of a high status individual in the group, are avoided; therefore, the final
agreement is based on a more reasoned set of judgments. You are participating
in a Delphi group as a part of your contribution to the design of the PFDS
data base, and an essential element in the success of this process is the re-
quirement that no extraneous outside interaction take place. Therefore, you

are again requested to refrain from discussing this project with anyone until
explicitly told to do so by the administrator.

Initial Input

The primary question to be examined in this Delphi process is what data
items should be included in the PFDS data base. Your individual opinions on
this question are desired in the first round of the Delphi. For the first
round, please attempt to report all data items that you think might be impor-
tant in future pavement decisions. Although you will want to use your present
decision making as a guide, it is necessary to remember that PFDS will be used
some time in the future. It is important that this future aspect of PFDS be
included in’your selection of data items.

An automated system has been developed for processing the information
flows associated with the Delphi method of designing the PFDS data base.

Since your responses will be computer processed, adherence to specific input
rules is required. Figure 1, Sample Initial Input Form, provides an example

of how your initial data items are to be reported.
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The Data Item Descriptor appears on the right-hand side of the form, and

it is a word or short expression which you feel adequately describes the
particular data item you are referring to. This descriptor must be limited

to 60 letters and spaces. If additional identifying information is required
you may include this after the 60 letter descriptor. You will probably want
to fill in this blank before proceeding to the other items of information that
are required for each particular data item. For example, in Figure 1, Number
of Lanes, Lane Width, etc. are descriptors for the data items.

The data item descriptor is also used to convey information regarding the
frequency with which the data item should be collected. This frequency
measure may be of either a spatial or temporal nature. In Figure 2, Cost of
Subgrade Preparation/Lane Mile is a data item descriptor which contains a
spatial component of information while the Annual Average Rainfall descriptor
contains a time reference. Since agreement on the frequency of collection is
of primary importance, you are requested to be as explicit as possible in this
regard. However, obvious dimensional information such as Annual Average
Rainfall in Inches is not required, since it only serves to waste time and
space,

The Importance Rating appears on the left-hand side of the form. It is a

numerical assessment, on a 0.0 to 5.0 scale, of your opinion of how important
it is that the particular data item be included in PFDS., A rating of 0.0
would indicate that you believe the data item to be of absolutely no impor-
tance. It is unlikely that you will want to use the 0.0 importance rating on
any of the items that you initially specify; however, it is conceivable that
you may want to bring a certain item to the attention of the group even though
you feel that the item is of no importance. In this case you could use the
0.0 rating.

A rating of 5.0 would be used to express your opiniorn that it is extreme-
ly important the data item be included in PFDS. Other degrees of perceived
importance can be expressed by selecting an appropriate number between these
extreme values. The following verbal descriptions are given as examples to
assist you in determining where you stand in regard to the importance of the
data items.

5.0 Imperative that item be included.

4.0 Highly important

3.0 Moderately important.
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2,0 Of questionable importance.

1.0 Low importance.

0.0 Absolutely no importance.
The standard format is two significant figures with one figure to the right of
the decimal. In Figure 1, Number of Lanes was given an initial importance
rating of 2.0, and Material Type for Ea Layer was given a rating of 2.8.

The Expertise Rating is a numerical self evaluation, on a 0.0 to 5.0

scale, of the degree of expertise you bring to the data item under considera-
tion. You are requested not to use the 0.0 rating, unless you strongly feel
that you know absolutely nothing whatsoever about the data item in question.
If you feel that you possess a low degree of expertise in regard to a particu-
lar item, it is suggested that you use a rating such as 0.3 instead of the 0.0
rating. You should rate expertise relative to your function and position in
the highway department. Some suggested guidelines for the expertise rating
follow:

5.0 One of the more knowledgeable people in the area.

4,0 Good deal of experience and/or training in the area.

3.0 Vorking directly in the area, but have only light experience
or training.

2.0 Out of major functional area, but have some experience, interest,
or knowledge of subject.

1.0 Feel unqualified in area.

0.3 Absolutely no experience, training, interest, or knowledge of
subject.

In Figure 1, Number of Lanes was given an expertise rating of 0.3, and
Material Type for Ea Layer was given a rating of 2.5. It is unlikely that
you will want to change your expertise rating on a given item after it has
been initially established.

Who Supplies is a coded method for indicating who you perceive to be the

source of the data item under consideration. Table 1 lists several possible
sources of data along with the integer codes used to designate them. If you
have no idea as to who might supply a particular data item, please leave the
space under Who Supplies blank. If you use the code 17 designation for a
supplier who has not been listed, it is requested that you specify who you
have in mind. 1In Figure 1, both the Number of Lanes and Material Type For Ea
Layer are perceived to be supplied by District Design which has a supplier
code of 10,



INITIAL INPUT FORM
Name: é,gégrf VA Zﬂggégf
L _of L

Page o
Importance Expertise Who ) '
rating rating supplies Data Item Descriptor
(0.0 to 5.0) | (C.0 to 5.0)| (code) (60 letters and embedded spaces)
2.0 0.3 10 Number of Lanes
3.0 Z.0 10 |Lane Width
2.8 2.5 10 |Material Type for ea. Lat/er'
3.5 2.5 10 Layer Number
Fig 1. Sample Initial Input Form.

8¢€1



TABLE 1. CODES FOR SUPPLIERS OF DATA

Code Description
1 D-5 Bridge Division
2 D-6 Construction Division
3 D-8 Highway Design Division
4 D-9 Materials and Test Division
5 D-~10 Planning and Research Division
6 D-18 Maintenance Operations Division
7 D-19 Automation Division
8 Resident Engineer or his staff
9 Maintenance Foreman or Supervisor
10 District Design
11 District Laboratory
12 District Headquarters
13 District Construction Office
14 Special Data Collecting Crew -~ Regionally Based
15 Special Data Collecting Crew - Austin Based
16 National Weather Service
| 17 Other Specify

139
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Subsequent Iterations

After the initial data items have been submitted, all subsequernt communi-
cations will be on computer output. Figure 2, Sample Delphi Communication,
provides an example of this output. The computer output is very similar in
form to the Initial Input; however, the data items it contains are an aggrega-
tion of the individual responses of the entire group. You are to handle this
form in approximately the same manner as the Initial Input Form since only one
item has been added,

The Item Number, which now appears on the left-hand side of the page, has

been added tc the information contained on the Initial Input Form. This
number is automatically assigned, and it is used to simplify the handling of
the Delphi information flows. You will never need to be concerned with this
number, since it is used entirely for data processing purposes.

The Data Item Descriptor is again located on the right-hand side of the

form, and you will now find data items that were defined by other members of
your Delphi group included in this list of descriptors. Unless you radically
disagree with a descriptor, you will probably not want to change it. However,
if it is necessary to change a descriptor, you should assign a 0.0 importance
rating along with your regular expertise rating to the descriptor with which
you disagree. You may then add your revised descriptor along with its impor-
tance and expertise ratings to the end of the printed ocutput. A similar tech-
nique is used to distinguish your preference between two very similar data
items with differently worded descriptors. When essentially the same data
item is described by two or more different descriptors, assign your regular
importance rating to the item with the descriptor which you prefer and assign
a 0.0 importance rating to the remaining item or items. Be sure to assign
your regular expertise rating to all of the items. Should you think of .a new
data item, i.e. one which is not included in the list, please enter a descrip-
tor along with the other information for the item at the bottom of the printed
list. In Figure 2, Layer Thickness, as well as the other information required,
has been added before returning the form for the second iteration.

The Importance Rating now reflects the group's opinion of how important

the data item is to PFDS. The purpose of Delphi is to have you reconsider
your opinion of the data item in terms of the group importance rating. Should
you still disagree with the group importance rating, you may want to cross-out

the group rating and write your revised rating (0.0 to 5.0) out to the right



ROBERT J, MURPKY _
SUPERVISING DESIGN ENGINEER
TEXAS HIGHWAY pEPARTMENT
11TH AND BRAZOS

AUSTINy TEXAS 78701

INDlvxDUAL NUMBER 1 ITERATION NUMBER 3

INPORTANCE EXPERTISE WHC
I1TeEM RATING RATING SUPPLIES
NUMBER (0.0 10 5,0) (0.3 TO 85,0) (CODE)
5 3.0 +3 10
6 3,2 1,0 10
S 445 2.0 10
12 Se0 2.7 s
14 400 2.3 5
15 vl 4.2 2.5 10
16 4,5 245 10
17 145 2.0 18
4£0 3.0 10

DELPHI COMMUNICATION
PLEASE RETURN WITHIN FIVE DAYS

DATA ITEM DESCRIPTOR
(60 LETYERS aND EMBEDDED BLANKS)

NUMBER OF LANES

LANE WIDTH

SUBGRADE SOIL TYPE

ANNUAL AVERAGE RAINFALL
ANNUAL AVERAGE TEMPERATURE
MATERIAL TYPE FOR EA LAYER
LAYER NUMBER

COST OF SUBGRADE PREPARATION/LANE MILE
Layer Thickness

Fig 2. Sample Delphi Communication.

71
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side of the group rating. In Figure 2, the importance rating of Material Type
For Ea Layer has been changed from 3.0 to 4.2,

Another use of the Importance Rating is to reflect the group's opinion as
to the feasibility of collecting and storing the particular data item. It is
possible that some participant may introduce a data item, which although
desirable, is impractical to collect and/or store. If a data item of this
nature is recognized, the infeasibility of the item should be denoted through
the assignment of a lower importance rating.

The Expertise Rating, that you assigned to each data item, has been

returned to you on the computer output. Since your first subjective feeling
about the expertise you bring to an item is likely to be the most accurate,
you will probably not want to change this item. Should a change be necessary,
simply cross-out your present rating and record your revised estimate out to
the right. Changes in your expertise rating are discouraged unless they are
clearly necessary.

Those items, which you have not previously seen, that were submitted by
other members of the group have a blank expertise rating. You should enter
your estimate of the expertise you bring to the particular item directly in
the blank space. Please use the standard 0.0 to 5.0 scale, and remember that
a rating such as 0.3 is preferred for the expression of a low degree of ex~

pertise. Be sure to fill in all of the blank expertise spaces. Include an

expertise rating even if you perceive the item as being of no importance or
feel that the descriptor needs to be replaced by a better descriptor. 1In
Figure 2, the blank expertise space for the Annual Average Rainfall data item
has been filled in with a 2.7 expertise rating.

The Who Supplies code now reflects the group's opinion of who is respon-

sible for supplying the given data item. If you disagree with the group
appraisal, you may cross-out the code and enter a new code from Table 1 for
the supplier you feel is most likely to be involved with the particular data
item. Remember this is an optional item. If you have no idea as to who might
supply a particular data item, please leave this space blank. In Figure 2,
the Who Supplies Code for the Cost of Subgrade Preparation/Lane Mile data item
has been changed to Code 8.
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Optional Information

In addition to the Who Supplies code, there are three additional items of
optional information. Unless you specify otherwise, it is assumed that you
are in agreement that a particular data item will be collected extensively.
However, if you feel that a sample of information for a particular data item
will be adequate, you may indicate this fact by writing SAMPLE in the data
descriptor blank after the descriptor. If your Importance Rating on a par-
ticular item deviates substantially from the group's, and you cannot in good
conscience conform to the group rating, you may include your reasons for your
judgment and the sources of information you used in making this judgment.
This information should be included on a separate sheet and be identified by
the data descriptor. The information will be supplied to the group on the

next iteratiom.

Summary

For the Initial Input:
(a) Specify a descriptor for each data item you wish to enter.

(b) Assign an importance rating to the item using the 0.0 to 5.0
scale.

(c) Assign your expertise rating using the 0.3 to 5.0 scale.

(d) Indicate your perception of who will supply the data item by
assigning the appropriate code from Table 1.

For subsequent iterations:

Please review the Delphi Communication and reconsider your opinion in
light of the group response. Indicate your disagreement with any item of
information by crossing the item out and entering a new value. Be sure to

fill in all blank expertise spaces, and write any new items you may have

thought of at the bottom of the list.
I1f you have any questions regarding the operation of this process,

please contact the administrator listed below at any time.

Ronald R. Bush

Center for Highway Research

Room 317 Engineering Science Building
The University of Texas at Austin
Austin, Texas 78712

Phones:
512/471-4433 Tex-An
476-5708 821-4433
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12§OGRAM DELPHL (INPiJT4OUTPUTsPUNCHAUNKy TAPESEINPUT o TAPEI2ADDRy | AP
2)

DIMENSTON INUIVIIY) JNMUT1) 9TV (11)eIWS(1350+2)9A(135005)¢A1(1350)V
1AR(1350) sRIALLISN) sFRACI3SO0) s JTTM(S) oFIR(S) sFER(S) s IIW(S) yRPU(S) oE
2PN (S) o IWPUL(S) 9 I1TMPU (S)

INTEGER RI(135002)9ER(135n92) yAUOR(]11,414) sPACKC(14)

INTEGER IFILE(21)

DATA IFILE/Z2LF192LF242LF342LF&y2LF5¢2 F6¢92LFT7+2LFB¢2LF9¢3LF104+3LF1
1193LF12¢3LF1393LF14,3LF15,31F16+3LF1793LF18¢3LF1943LF20+3LF21/

READ CARDS FHOM FILFE ADDR

READ (1+4200) NITM

O 1 I=]1oNITM

RFAD (1+103) KEYoTl ALNKsaAXgAY o (A(IoJ)oUs1+5)9sA1(]) A2
IF (11,6T+0) GO TO 100l

IF (EQF 1) 9999,1

CONTINUE

RFAD (1+103) KEYeT]

IF (11.GT.0) GO TO (002

IF (EQOF+1) 9949999

PRINT 1000

FORMAT (1H1+®wHONG NUMBFR OF ITEMS ON FILE ADDR®)
GO TO 999

CONTINUE

READ INPUT

READ 101+COMeINDIV(11)9ALNKy tADUR(L110J) 9J=1014)
HEAD J00eNGHPINIoNITEReI0OPT ¢RIHIoVRLYU

IF (EQF+S) 999,9]

CONT INUE

REWIND ?

ITRPUSNI TER*]

ZERO ALL VARIABLES

DO 3 I=1+1350

DO 2 J=l,.2

IwS(leJ)=0

RI(14J)=0

ER({[+J)=0

CONT TNUF

VAR(1)=0,.0

RIA(1)=0.0

ERA(])=0.0

CONTINUE

READ NAME ANL ADDRESS CARNS FOR THE GROUP

DO 4 I=1¢NI

READ 1019COMs INDIVI(T) +BLNKY (ADDR(IvJ) gu®1014)
CONT INUFE

PRINT 154

Is) .
HEAD 1049INsITReJITM(1)sFTIR(1)FER(1)1IW(1)JITM(2)sFIR(2)FER(2)
121IW(2) 2 JITMUIZIWFIR(IISFER(II o 1IW(I) 9 JITML4L) oFIR(G)IFER(4) 91w (4)
2JITM(S) oFIR(S) +FER(S) o I TW(D)

IF (IN,EQ,999) GO Tn B

IF (INGNELINDIV(I)) I=1s]

IF (1<LEsNI) GO TO ¥

PRINT 105
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000315 G0 10 969

000316 7 PRINY 1560INs1TReJITM(L) oFIRCL) 9FERIII 21IW(3) «JITM(2) 9oF IR(2) oFER(2)
DY oTIWt2) o JITMI) o FTRIVNJFFRID o TIWLR) yJITM{4) «FIR(&) sFER(4) s IIWL4)
29J1TMIBI W FIWIS) s FER(S) o1 IW(B) ’

000377 IvI=INZYO
000402 INI=IN1®]0
000404 JY=IN=IN]
000404 JZEIN=INLe]
000406 IX=}
000407 IF (J2.,GT+5) Ix=2
oone13 IF (IX.GTal) JUZvJ2=5
000416 IF (1X.GTWl) JYEJYQ%
000421 Jamgzee
000422 JEsjyez
000423 JP1=10802JA
000427 JP2x100e 8
000433 IKCajYe?
000434 17C=my
600436 1007 IF (JITM{IZC).EQGe0) GO 10 5
000644 ITEMaJITM(IZC)
000445 R=FIR{17C)
000446 E=sFERIIZC)
000450 IwslIw(12C)
000451 JRC=RIC(ITEM IR) 7P
000455 JRCaJHC*JP]
000457 JRERI(ITEMy IX) e RC
000460 JRaJARZ P2
000465 IF (JRLEQ.0) GO YO 1008
0006466 17C=14C»1
N00467 IF (14C46T45) GO TO 8
000472 G Y0 1007
000501 1008 RTA(ITEM)SRIA(ITEM) o ROE
000503 ERA{ITEMYSERA(TTEM) oF
000505 IRsR®1NH,N
000506 1€E=E2]10.0
000510 IKe (10®2IKC)*[R
0009512 IL= (1094 IXKC)®TE
000514 Iva (1O®#IKC)* W
000516 RICITEMWIXIBNI(ITEM IX) 01K
000520 ERCITEMWIXIMERITTEM IX) @]
0006522 IWS{ITEM» IX) 2 TWS{ITEMyIX) 0 IM
000524 12C=12Ce1
oo6n526 IF (124C.GTe3) GO 10 5
000531 GO 10 1007
000531 8 CONTINUE
c
¢ CALCULATE IMPORTANCE RATING,VARIANCEs AND WHO SUPPLIES
Cc
000531 {TMC=20
000532 DO 1% IslsNITM
0005234 IF (ERA{I)sLE4D40) GO TO @
0006536 RIA(I)=RIAL]) ZERA(]Y
000540 9 CONTINUE ’
000540 IF (RIA{T1)eGTa040) ITMCmITMCe]
000544 §Qx,0
000545 0O 11 K=1sN}
000556 INBINDIVIK)

000557 INImINZYO



000553
000564
000566
000%S6k6
000571
000574
000575
000601
600605
600610
000612
000614
00615
000616
000620
000624
000627
000632
000634
0006237
000637
000642
000647
000650
000651
000664
000665
000670
000674
000674
000676
000703
000705
000706
000707
000710
000713

000715
000723
000724
000725
000726
00070
000731
000731
000733
000741
0007423
000744
000745
800753
000783
000757
000760
000762

[ Xe Xe

11

12

13

14

15

16

IMi=INj1#*1n
JZzIN=INL+]

Ixey

IF (J2.6T45) [X=?

IF {IRGTal) JZ2=J2~g
JAm jZe2

JP=1n®e JA
JRE=RI (Ve IX)Z7UP
JTW=TWS(T41X)7UP
JRC=JRCeJP
SJIwzJIwep

JRER] (TeIX)=JRC
JU2IWS{IsIX)~Uulw
JAE{ JZ=~1) 82
JB=)pee R

JR=JR/ JP

Jwsgw/ P

R=JR/10.0

SE=SQe (R=RIA(]))%ap
IviK) = w

CONTINUE
VAR({[)1=S5Q/iNI~1)

DO 12 L=1sN]

NM(L)=0

D0 12 M=1.N]

IF (IVIL)Y«EWe) GO YO 12
IF (IVIL) «BdsIViM)) MM )=NMIL)¢1
CONT INUE

LTST=]

NMTSTRw]

DO 13 iL=14NJ

IF (NMTSTGEWNMIL)) GO TO 11
NMTSTRENM (L)

LYST=L

CONT INUF
JTuS(Tey)=]IVILTST)
CONT INUE

SORT IMPORTANCE HATING

DC 1% IB=leNITM
TwS(18,2)=]1H
EQA(IHIsRIAL (M)
CONTINUE

KC=10%%4

DO 17 ICsleNITM

IG=1C

IMAXz=(0al

DO 16 INxIGINITM

IF (ERA(ID) +LE«ZMAX) GO Tn 16
ZeAX=ERALTO)

NDES T

CONT INUE

IPEIWS(1Ce2)

IG=21wWS (JDe2)/7KC
1Qm1Q*KC
10=11wS{JNe2) =10} aKe
IWS(ICe2)*IwS(ICe2)10

149
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000763 ERA(JOYSERALIC)
000764 ERA(IC)=2ZMAX
000766 IWwS(JD42)1=21wS(UNe2) /KC
006771 IWS(J04212(INS(JD2)#KC) o 1P
000775 17 CONTINUE
000777 DO 47 ly=leN]TM
001005 IwS(IYs2)3luS{1Ye2) /XC
001010 47 CONTINUE
o
c PRINT QUTPUYT RANKED ONM IMPORTANCE
c
001011 1PPa
001011 ILINE=D
001013 PRINT 210+41PF
0010720 PRINY SO06NITERSINDTIV(IY o INDIVINIY ¢1TMC
001034 PRINT 600
001040 00 28 J=1eN1TM
001042 INETWS(Je?2)
001043 IF (RIA{ID)JLEWDW0) GO TO 2n
601046 If (ILINE.G1«17}) GO TO 8
001051 ILINE=IL INE+]
001052 GO T0 19
001052 18 IPPx[PPs}
001054 PRINT 210e1PP
0010561 PRINT A0N
001065 1LINE=Y
001066 19 PRINT 102+ 10sRTIA(CIU) «VAR(TO) ¢ IWS{IU1 e (A (IDTA) s IAZR)¢5) ¢AL (1D
001l1s 28 CONTINUE
¢
ol PRINT QUYPUT FOR PARTICIPANTS
c
¢ PRINT ADMINISTHATOR COPY
001117 DO 21 l=1¢l4
001126 PACKC(T)Y2ADOIR (11 1)
001127 21 CONTINUF
001130 1PPa)
001131 ILINESS
pollaz2. FRINT 2104 1PV
001140 PRINT 106
001144 CALL PLINE (PACKC)
001146 PRHINT 3064INUIV (Y1) eNTTER
001156 PRINT 406
001162 00 26 JUmlaeNITM
001164 INZINDIV(])
001166 INI=IN/Y10
001171 INI=IN1®1 0
oo0l1lre JIEIN=INT®]
001173 1x=}
001174 IF {J£.GT+5) 1xx2
001200 IF (1X4GTel) Jimdl=g
001206 JAR 292
001206 JPE]10** A
001212 JERER(Je IX) 7P
001215 JEmJE® JP
001217 JERER(Jo IX) =UE
001217 JEE (JL=]) *2
001221 NPT AN .|

01225 JEEJYE/JP



001230
001232
001236
001240
00125¢
001254
001255
001255
001257
001264
001270
001271
go1272
001320
001321
001345
001350
001352
001354
001357
001360
001364
001365

001367
001370
001377
n01400
001402
001404
001407
001410
001412
001413
001416
001421
001422
001426
001430
0601434
001435
001436
001444
001450
201452
001462
001466
001467
001475
001476
001476
001476
001477
001500
001501
001511
001513
001514

22?2

23

24

2s
26

27

48
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ExJuE/10.0

IF (RIA(J)Y«GTRIHT) 6

IF tV&RtJ).Lt.VRLé) Gg ;g gi

WRITE (2+501) JeRIA(D)

IF (JLINE«G1417) GO TO 23
ILINE=ILINE=]

GO 10 24

IPP=1PP+1

PRINT 21n01IPP

PRINT 6406

ILINE=)

éF (E+EQe00) GO TO 28

G:I?g ;:TQJvRIA{J)oEo!VQtJQX}g(AtJ»Il)91A=1¢S)¢&I(J)
R
20521N327¢J9R1§(J!QYNS(JQX)Q{A(Jvlﬁivlﬁtl'S).A](J)
END FILE 2

I=NGRP

CaLL WENAME (SLTAPED,IF

é: (Igc.NE.O) 60 10 ;;EILrttl.lRC)

LL SAVERF (4LS023,IFILE(I) e ;

IF (IRC.NE+O} GO TO 097L (1 raLS062. RO
IF (10PTWLES0) GO Tn 90

PRINT COPIES FOR GROUP MEMBEHMS
DO 33 1=21,NI )
DO 27 K=1+14
PACKCIKI=ADDR {1 ,4K)

CONYINUE

InsINDIV(D)

ivl=INZLO

Inp=IN1#10

JInIN=IN]I*]

Ixx)

IF (JZ,GT4%) 1x=2

IF (IXeGTW1) JixJ2=&

JAR 282

JRx1n#e A

JRE(J2m]) 2

JPR1z10ee)d

1#Ps)

ILINE=g

PRINT 210.1IPP

PRINT 106

CALL PLINE (RPACKC)

PRINT InheINDIVII}+NTTER

PRINT 406

[PU=Y

DO 48 1Z=1+5

RPU(I2)=N40

EPU(12)20,0

IwPLi(IZ2)=0

1TMPU(IZ) =0

CONTINYE

DO 32 JsleNIIM

JESER{JeIX) 7JP

JE=JER P

JEZER[Je TA) =JE

JERJE/JPY



152

n01516
001520
001525
001527
001533
001534
001534
001536
001543
001547
001550
001551
001577
001600
001624
001627
001630
001632
0601633
001634
001636

001716
001717
001725
001726
001726
001726
001727
001730
001733
001734
001735
001737
001740
001742
001742
001762
001763

002013
0020)4

002054
002055

002125
002130

002130
002130
002130
002130
002130
002130
002130

E'JE/I0.0
IF (RIA(J) «G1eRIHI) GO TO 2R
IF (VAR(J) «.LE,VRLO) GO TO 37
2R IF (ILINE.G1417) GO TO 29
ILINF=ILINE®L
GO TO 30
29 IPP=IFPe)
PRINT 2Z21041FPP
PRINT 406
ILINE=)
30 IF (EeFQe040) GO TO 31
PRINT 1070JeRIA(J) sE9INS(Jo1) o (A(JrTA)eTIAN])95) AL (J)
GO TO 134
31 PRINT 207 0JoHIA(J) sTWS(Je1) g (A(JeIB) 9 IB=1¢5),A1(J)
34 RPU(IPUY=RIALY)
EPU(IPU)=E
IWPULIPU)=TwS(JUel)
1TMPULTPU) =Y
1PU=TFU+]
IF (JPULE«S) GO Y0 32
PUNCH 1069 INVDIV(I) o TTRPUoTTMPU(1) ¢RPU (1) oEPU(L1) o IWPU(]1) 9 ITMPU(2) 4R
1PU(2) 9EPUIL2) o IWPU(2) 9 ITMPU () ¢RPU (I 1EPU3) o IWPU(3) o I TMPU (4) yRPU (4
2;£EPU(4)o]ﬂPU(b)o[‘MPU(S).RPU(S)'EPU(s)oIHPU(S)
u=]
DO 49 12=145
RPU(I2)=0.0
EPU(12)=20,0
IwPU(IZ)=0
I1TMPU(TZ) 30
49 CONTINUF
32 CCNTINUE
[PUEIPU=]
IF (IPU.FQeY) GO TO 8]
IF (1PULEQ.2) GO TO 82
IF (TPUL.EQe3) GO TO K3
IF (IPUJEQe«4) GO TO Sa
GO 10 33
51 PUNCH 701¢INUIVI1)oITRPUsTITMPU(1) sRPU(]1) sEPU(L)¢IWPU(])
G0 10 33
52 PUNCH 7N29INUDIV(I)oTTRPUeTTMPU(L) ¢RPU(L)EPU(Y) oIWPU(1) 9 ITMPU(2) 4R
1PUL2) sEPUL2) o IWPU (2)
G0 Yo 33
53 PUNCH T039INDIV(I) o TTRPUGTTMPU (1) ¢KPU () sEPU(1) o IWPU(]1) 9 ITMPU(2) 4R
1PU(2) sEPUI(2) o TWPU(2) s ITMP1I(3) ¢RPU(3) HEPU(I) 9 IWPU(I)
GO T0 31
54 PUNCH 704+ INUIV(I) 9o TTRPUSTTMPU (1) oRPU (1) ¢EPU(1] o IWPU(1) o ITMPU(2) 4R
1PU(2) 9EPU(2) o IWPU(2) o ITMPUI () ¢RPU(I) 2EPU(I) o TWPU(I) o ITMPU (&) s RPU (4
2) 1EPU (&) 9 IWPU(4)
33 CONTINUE
GO 10 90
ONLY FORMATS FOLLOW
100 FORMAT (313+12¢F4,1,F6.2)
101 FORMAT (A1091359A506A10/78A10)
102 FORMAT (1HOoOX9Ib09XsF3e]1 ¢ IXoF6e299X0I29TReSAL00AG/)
103 FORMAT (1491198590A5,4595A10,R69A4)
106 FORMAT (I3912¢S(ISeiXeFIe191X9F3.1012)}
105 FORMAT (1H1e//710X&CHECK INPUT FOR ERHRORS®)
106 FORMAT (1H o//56XaDFLPHT COMMUNICATION®/SIX®PLEASE RETUKN WITHIN F



002130

002130
002130
002130
002130
002130
002130
002130

002130
002130

602130

002130
002130
002130
002130
007130
002130
002130
002136
002137
002143
002145
000200

153

1IVE navyse//)

107 FORMATY (IHOsOXs T, OXeF 3414 17X oF a1 99X, 129TXe5A105A8/)

156 FORMAT (1H])

156 FORMAT (1H +21495(17+2F6,1913))

200 FORMAT (14}

207 FORMAT (1HOsSXKeT14,9%4F3.1,24X412¢TX¢5A1001A67)

210 FORMAT (1H1+120XsaPAGE #4,13)

306 FORMAT (1H +4X+#INDIVIOUAL NUMBER®.T4,3X 2T TEHATION NUMBER®,13)

406 FORMAT (1H #//15K0 IMPORTANCFOSX*EXPEHTISET6XOWHON /6XS TTEMOAXSRATIN
1G*OXPHATING®S X SUPP JESe{nXeDATA TTEM DESCRIPTOR®/SXeNUMBENSIX® (],
20 TO S5,0093x%(0,3 10 S¢n)eIXT(CUDE)®5X® (60 LETTERS AND EMBREUODED BL
JANKS ) R/

501 FORMAT (T14,4F6,3)

506 FORMAT (1r »//STX#DFLPR] TMPURTANCE HANKING#/46X4FOH ITERATION #41
2130 INDIVIDUALS #4738 THROUGH %41342BXy0N=0¢]4//)

600 FORMAT (1M 1 15Xe IMPARTANCFOGKOVARTANCEY TXOWHO® /6 X4 I TEM® TXoMAT INGS
CONPRATINGOSX#SUPPLIFSe1nXaDATA ITEM UESCRIPTNARS/GUONUMBER®IX® (040
370 5,0)82X2 (00 TO 25,0)23Xe (COVEI"SRe (60 LETTERS AND EMBEDDED BLA
4NKSY e/ //)

601 FORMAT (1h1+®INVALID RETURN CODE FOR RENAME TAPE24)

602 FOHMAT (1H1+®INVALIN RETUAN CODE FOR SAVEPF®#,13)

TO1 FORMAT (1301241501 X4FAe]ls1X4Fi1e12)

702 FORMAT (1341242154 1XaF2,191XeF3,10121)

703 FORMAT (134124301801 XK4F30191A4F3a]1s12))

704 FORMAT (1391244 (1641 XsF 3101 ReF3al0lZ))

997 PRINT 802sIKC

GO 10 999

938 PRINT 6n1

999 STOP

END
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SURROUTINE PLINE (PACKC)

000002 INTEGER CHAKR(140) 4PACKC (14) ¢NCHAR(140) 2L (S)eP(5) 4FMT(10)
+ vFMTLI(10) eFMT2(10)

000002 NCOUNT=]

000003 0C 110 I=zls)a

000005 110 CALL SPREADRI(PACKCI{T1)+CHARLT®*10~9))

000014 LL=}

000015 00 111 1=ls+140

000017 IF{CHARII)4NELIR/ZIGO TO 115

000022 LILLYST=-PLL~1)=~]

000024 PlLL)=]

000025 IFLLLEQLIILILL )N wy

000027 LisiLe}

000030 Go 10 111

00003} 1158 NCHAR (INCOUNT) =CHARL(TY)

000034 NCOUNT2NCOUNT ]

000035 111 CONTINUE

000037 LILL)=140=P(LL~1)

000042 ENCODE (S0 12+FMTI) (L (I)oTmYoLL)

000052 112 FCRMAT(S5 (8¢ /05Xy %, JpgaR %))

000083 ENCODE(1501134FMY2) |

000063 113 FORMAT (6H(® (/%931 1ARALOe®)B))

000064 ENCODE(53+0FMIZ29FMT)I (FMTY (Y1) 4 12]0LL)

000075 PRINT FMT o {NCHAR (1) ,1=14NCOUNT)

000105 RETURN

000106 END

0072090



APPENDIX C

PFDS GROUP PRINTOUTS



This page replaces an intentionally blank page in the original.
-- CTR Library Digitization Team



RONALY Ry BUSH
CENTEN FOR RIGHWAY RESEARCH
ENG, SCI. 3,06, 317
UNIVENSITY OF TEXAS

AUSTIn,

TExas 78712

INUIVI JUAL NUMBER &0

ITEM
NUMBEN

30
61
6
89
90
91
94
107
133

i3s

14}

I9PORTANCE
uative
‘o.o T0 505)

6o?

Jeb

h Y

3.1

s 0

3.2

3.5

3.4

45

ho b8

ITEIATION NUMBER 3

ExPERTISE
waTING
(0.3 To Sa.0)

1s8

2.0

3.0

3.0

4.0

3s0

[ Y]

(%]

wHO
SUIPLIES
{CCDE)

i0

10

io

1¢

10

12

10

1o

DELPHT LUMMUNICATION
PLEASE RETURN wITHIN FIVE 3AYS

DATA 1TEM JESCRIBTOR
169 LETTERS AND EMBEDIED BLANKS)

CLASSIFICATION OF WIGHWAY (FAl,FAP,FAS.ETT)

NUMBER OF (ANES

LANE wIDTw

TYPE OF BHIDGES ON JO3

BRINGE wIuTM

LENGTH OF EACH BRIDGE

SHOULDER wIDTH

TYPE OF SrnouyDER SURFACING

BASIC PAVEMENT TyPE

PAVEMENT THICKNESS OVERALL

PREDICTED PAVEMENT L1fE

PREGICTED LIFE OF PAVEWMENT Suylrace

eani

1

181



ITEM
NUMBE =

(23}

212

213

217

219

220

224

284

KT

334

335

143

J4s

3Is0

3s0

384

418

I¥PORTANCE
RATING
{0e T2 Sand

4

3.0

3.0

4.7

4.0

4.8

420

40

beb

‘.2

440

4.8

ExPERTISE
PAT ING
(ge3 TU 5,0

30

25

3.0

3.0

20

3.0

LX)

220

3.5

30

240

25

a0
SUPPLIES
{CODE}

10

10

10

10

10

10

10

11

1¢

11

1

10

10

11

12

11

10

LATA ITgM JESCRIPTOR
t6g LETTEARS aND EMBEDDIED HLANKS)

NUMBER OF (AYERS

SEQUENCE OF (AYERED CINSTRUCTION

LAYER NUMBER

THICKNESS - LAYER

STABILIZATION TYPE = _AYER

AMOUNT OF STABILIZER « LAYER

MATERIAL TYPE = LAYER

QPTIMUM MOISTURE DENSITY BY _LAYERS

ELEVATION OF PAVEMENT IN RELATION TO NATURAL 330 IND
SPECIFICATION ITEM USED FOR SJURGRADE PREPARLTIAN
SUBGRADE SoIL TYPE«SUBGRAOE MATE®IaL

TYPE OF SURGRADE PREPARATION

TYPE OF STaBILIZATION -‘suasakog

SUBGRANE STARILIZATIOvV - OEPTH

COMPALTYION EFFORY ON SUBGRADE

SUBGRADE TRIAXIAL CLASS/RAW

SUBRASE SOIL TYPe

TYPE OF UaSE

#a3i

2

8ST



ITEM
NUMBE®

419

~20

422

424

426

427

435

437

477

*9]

500

561

591

626

637

639

649

654

TMPORTANCE
RATING
(pes 1D Su)

3.0

48

40

49

3.2

[ Y]

3.8

40

3.8

3.9

2+5

3.0

4¢0

408

b

6o’

47

EXPERTISE
eaTING
(0.3 10 S,0)

2e0

EXY /]

3.0

240

3.0

2+5

10

3

L %]

3e0

3.0

MO

SUPPLIES
(CODEY

10

10

10

11

11

10

10

10

10

10

10

10

10

Pasi 3

DATA ITEM DESCRI=TOR
(60 LETTERS AND EMREDIED BLANKS)

HUMBER OF LAYERS -~ BaSE

dgASE THICKNESS

SASE THICKNESS » SHOULOER

FLEX BASE = DEPTH

UASE TREATMENT

TYPE OF STABILIZATION » BASE

BASE MATERIAL

TYPE OF HASE MATERIAL = SHOULDER

TYPE OF SuURFACING

CONCRETE PAVEMENT THIZANESS

CONCRETE PvY DESIGN wIXx

SURFACE TEXTURE OF CONCRETE PVY

TYPE OF STEEL

ACP PAVING DESIGN

ASPHALTY TYPE

TYPE OF ASPHALT wATL JSED FOR PRIME COAT

AGGREGATE TYPE

661

AGGREGATE GRADE



I1TEM
NUMBE

659

787

782

783

784

78S

786

7087

792

809

217

821

825

854

862

Be?

917

I MPORTANCE
RATING
‘o.o 79 5.,)

4¢3

‘.o

3.1

3.1

3.0

3.0

200

400

4.0

EXPERTISE
RATING
(0.3 TU 5,0)

2<0

aHO
SUPPLIES
(coot)

10

12

13

13

12

12

17

10

13

PAGE L]

091

DATA ITEM DESCRIPYOR
t6g LETTERS AND EMBEDDIED HLANKS)

SURFACE AGGREGATE POLISH VALUE

UVERLAY TYpPE

SOURCE of FUNDS

TOTAL PROJECY COST

AMOUNT OF CONTRACT (DILLARS)

PROJECT OVERRUNS AND METHOD OF FINANCING
FUTURE PROGRAM FUNDS JBLIGATED TO OVERRUNS
RIGHT=0F-wAY COST PER ACRE

COST PER LANE MILE OF CONSTRUCTION

LABOR COST « CONSTRUCTION

COST OF SURGRADE PREPAIATION/LANE MILFE
COST OF JASE/LANE MILE =TRAFFIC LANE

COST OF BASE PREPARATIOIN/LANE MILE

COST OF SURFACE/LANE “ILE

MAINTENANCE COST PER _ANE MI, PER YEAR
ANNUAL MAINT COST OF TRAFFIC LANES SURFACI/|ANE wILE
COST OF ROADSIDE MAINT/MILE

STATEMENT OF PROGLEMS DURING CONSTRUCTION



ITEM
NUMBE =

919

922

933

935

959

964

bd -1

969

992

1ol0

1011

1013

1018

1016

1034

1042

1051

1059

IMPORTANCE
RATING
(ge0 TO S}

30

40

3.2

L X14

40

3.0

36

440

440

340

35

440

EX’ER’[S{
wATING
179 ] 10 Se0)

1+0

3.0

(X%}

3.0

20

1+0

1+0
1+0

10

1.0

le0

1«0

¥HO
SUPPLIES
(CODE

1¢

16

16

10

PABE:

DATA ITEM OESCRIDPTOR
t6g LETTERS aND EMGEDDED BLANKS)

TEST REPORTS ON MATERIALS USED FOR CONSTRJCTION
TEMPERATURE DURING PAvING

ANNUAL AVERAGE TEMPERATURE

TQNYHLY AVERAGE TEMPEIATURE

AVERAGE NUMBER OF FREE2E«THAW CYCLES PER TEAR
ANNUAL AVERAGE RaINFaLL

MONTHLY AVERAGE RAINFALL

OIFFERENCE BETWEEN Max AND HIN MONTHLY RAIVFALL.
PREDICTEY TRAFFIC LOADS (18K EQUiIv)

LOAD FREQUENCY OESIGN FACTOR

AVERAGE wEIGHT OF TRUCK TRAFFIC

TRAFFIC LOAD

MAXTMUM TOTAL LCAD

ATHELD (AVERAGE TEN WHEAVIESY #MEEL LOADS JalLY}
DESIGN VOLUME

CURRENT ADT

PERCENT TRUCKS IN AADT

vESIGN SPEED

191



Item
NUMBEW

1968

1092

i11s

1151

1260

INPORTANCE
RATING
(gsd YO Seg?

30

4.¥

4.7

440

3.)

EXPERTISE
HATING
(ued TU 5,9}

2«0

2e0

2+0

2+90

WHO
SUPPLIES
{CODE}

13

15

15

1

PAGE

DATA ITEM DESCRIZTOR
(60 LETTERS AND EMBEDIED BLANKS)

ANNUAL INSPECTION DESCRIPTION

ROUGHNE S5 MEASUREMENT = AVG OF Ea PROJECT=awNJIALLY

SKID NUMBER DF SURFACE = ANNUALLY

CRACK SPACING PATTERN «SAMPLFEe UNIFORMITY ayD SPACING

ACCIDERT FREQUENCY

)

291



past 3

DELPH] COMMUNICATION
PLEASE RETURN wITHIN FIVE DAYS

‘RONALY Re BUSH

CENTEHR FOR MIGMNAY RESEARCH
ENG, SCl. BLDG, 2317
UNIVEHSITY OF TEXAS

AUSTINGS TEXAS 78712

INDIVIOUAL NUMBER 120  ITERATION NUMBER 3

IMPORTANCE EXPERTISE WHO
I1TEM RATING RATING SUPRLIES OATA 1TEM DESCRIPTDR
NUMBER  (ge0 TO B.9) (9.3 TO 5,0}  (CODEY {6y LETTERS AND EMBEDOED BLANKS)
e 4,1 2.0 12 CONTROL
3 4e1 200 12 SECTION
. 4.3 4ef 12 COuNTY
3 (TS ] hel 12 MIGHWAY NUMBER
° 4.0 2.0 12 MAINTENANCE SECTION
12 3.5 140 12 LENGTH OF SEGHENT
29 .0 2+0 12 TYPE OF FACILITY (URNAN = RYURAL)
32 4.2 3.0 ] RIGHT OF way ¥IDTM
2 2.9 1.0 11 USE OF ADJOINING OROUND
61 LI 40 18 NUMBER OF LANES
&4 o2 2.0 10 LANE NUMBER

&6 4o A0 10 LANE ¥]10TnH

€91



1TEn
NUMBER

T8
79
80
9
L
07
108

118

123
133
133
140
143
14T
152
153

159

IMPORTANCE
RATING
0e0 1D 540)

3.3

27T

S0

4,0

4od

8.0

S0

S0

Se0

2.2

5.0

Se0

440

3.8

b

$.0

3.8

EXPERTISE
RATING
(0.3 70 5,0

L 1Y ]

0

40

“Ho

L2173

2.0

1+0

1+0

10

10

1.0

1.0

10

1¢0

1.0

¥HO
SUPPLIES
(C00EY

10

19

10

11

11

10

12

11

DATA ITEM DESCRIPYOR
(60 LETTERS AND ENBEODED BLANKS)

TYPE OF MEDIAN {RAISED«FLUSH DEPRESSED)
YYPE OF MEDIAN BARRIER

MEDIAN wIDTH

TYPE OF SHOULOER

SHOULDER wIDTH

TYPE OF SHOULDER SURFACING

THICKNESS OF SHOULOER SURFACING

MATERIAL TYPE FOR LANE EOGE LATERAL SUPPORT
STAGE CONSTRUCTION INFORMATION

ALLOWABLE CONSTRUCTION INTERFERENCE TO TRAFFIC
BASIC PAVEMENT TYPE

PAVEMENT THICKNESS DVERALL

PREDICTED PAVEMENT LIPE

CROWN WIDTH

DEGREL OF CURVES

HORTZONTAL AL IONwENT

VERTICAL ALIGNMENT

PROFILE GRADE LINE

Pagt

791



17En
NUMBER

178
176
183
183
204
206
211
212
217
219
220
224
243
264
268
299
334

335

IMPORTANCE
. RATING
(0.0 TO S.0)

LYY

LYY

43

47

3.?

400

2.6

4.9

4e)

4

4.3

3,9

463

3,7

400

EXPERTISE
RAT G
(6.3 TO S,0)

10

le0

10

10

10

1e0

4.0

le0

100

360

300

WHO
SUPPLLES
{CODE)

12

11

13

10

11

10

11

11

10

11

11

11

11

11

OATA ITEM DESCRIPTOR
{60 LETTERS ANO EMBEODED BLANKS)

TOPOGRAPHY

PREDOMINANTY GEOLDGIC FORMATION

ORAINAGE CUNDITIONS

ORAINAGE ADEQUACY

ACCESSABILITY OF SURFACE WATER TO BASE

MONTM AND YEAR OF CONSTRUCTION « LAYER

NUMBER OF LAYERS

SEQUENCE OF LAYERED CINSTRUCTION

THICKNESS « LAYER

STABILIZATION TYPE « LAYER

AMOUNT OF STABILIZER = LAYER

MATERIAL TYPE = LAYER

METHOD OF COMPACTION < LAYER

PHYSICAL QUALLITIES OF MATERIALS « LAYFR

LAYER TRIAXKIAL CLASSIFICATION

CAPILLARY POTENTIAL EXHIBITED BY LAYERS

SPECIFICATION ITEM USED FOR SUBGRADE PREPARATION

SUBGRAOE SOIL TYPESU3GRADE MATERIAL

PAOE

3

691



PAsE [N

IMPORTANCE EXPERTISE: WHO
17EM RATING RATING SUPPLIES DATA ITEM OQESCRIPYOR
HUMBER (g0 TO Seq? (0,3 TO S,9)  (CODE} {60 LETTERS AND EMBEDJED BLANKS)

33 4ot 1e0 11 SUBORADE CLASSIFICATION

32 4,2 1.0 1 SPECIFICATION ITEM USED FOR STABILIZING MAT(
343 &2 240 e TYPE OF SUBGRADE PREPARATION

L TYY 8.0 3.0 1 TYPE OF STADILIZATION « SUBGRADE

359 3.0 1e0 1 SUBGRADE STIFFNESS COEFFICIENT

380 41 1.8 11 SUBGRADE TRIAXIAL CLASS/RAW

36} 43 1¢0 10 SUBGRADE TRIAXIAL CLASS/TREATED

382 3.3 1+0 11 SUBGRADE MODULYS

387 2.1 1Y ] 11 AVO Pl OF SUBGRADE MATL

368 2,1 1e0 1n AVG LL OF SURGRADE MATL

e 4.1 leo 8 SUBGRADE SOIL CONSTANTS

3 407 10 1} SHELLING CLAY PARAMETER

383 42 3.0 s SPECIFICATION ITEM USED FOR SUBBASE MATERIAL
384 8.0 3.0 8 SUBBASE SOIL TYPE

387 S0 3.9 1e SUBBASE THICKNESS

402 3.8 10 11 SUB-BASE TRIAXIAL CLASS

410 3,8 1Y) n AYO 1 OF SUB=BASE MATL

411 3,8 10 11 AVG LL OF SUB-BASE MaAT{

991



pact L]

IMPORTANCE EXPERTISE wHO
17EM RATING RATING SUPPLIES DATA ITEM DESCRIPTOR
NUMBER  {ge0 TD Seg) (0.3 TO 5,0) {COOE) {60 LETTERS AND EMBEDDED BLANKS)

415 45 30 (] SPECIFICATION ITEM USEQ FOR BASE

48 307 40 10 TYPE OF BASE

419 Se0 (YY) 10 NUMBER OF LAYERS « BASE

420 kY 1YY} (] BASE THICKNESS

.21 8,0 40 10 BASE THICKNESS = TRAFFIC LANE

422 Se0 40 10 BASE THICKNESS = SHOULDER

424 2.7 'Y ) 10 FLEX BASE = DEPTH

(¥14 1Y% 4 B YY 11 TYPE OF STABILIZATION « BASE

438 3.3 40 ] BASE MATERIAL

437 3.9 (YY) 10 YYPE OF BASE MATERIAL = SHOULOER

1314 3.7 140 11 BASE TRIAXIAL CLASS

459 3.0 140 11 BASE MODULUS

LYY 40 1.0 1 AVG P1 OF BASE MATL

465 400 1¢0 11 AVG LL OF BASE ™MaATL

474 206 30 9 TYPE OF MEMBRANE BETVEEN BASE MATL ANO PAVEMENT
475 3.1 3.0 1 SPECIFICATION ITEM USEY FOR SURFACE TOEATWENT
.77 5.0 3.0 10 TYPE OF SURFACING

(37 ] $.0 3.0 11 TYPE OF ACP SURFACE COURSE

{91



1TeM
NUMBER

480
s88
‘89
494
498
o0
Sol
502
Soe
So6
509
S14
518
s16
s18
s22
S24

526

IMPORTANCE
RATVING
(0s0 TO Se0)

S0

4.8

%0

240

1.8

8.0

36

2.2

3.4

2.4

4,0

4,1

9

2.3

3.0

4.0

2.7

EXPERTISE.
RATING
(0.3 70 S,

L X3

3.0

10

1e0

1.0

20

3.0

3.0

3.0

3.0

2eb

2e0

1e0

2.0

1.0

2.0

WHO
SUPPLIES
(CO0E)

10

10

10

13

13

11

11

11

11

11

11

11

11

11

1

11

11

11

PADE’

OATA ITEM DESCRIPTOR
(60 LETTERS AND EMBEDJED BLANKS)

SURFACE COURSE THICKXNESS

SPECIFICATION ITEM USED FOR CONCRETE PAVESENT
CONCRETE PAVEMENT DESIAN STANOARD (CPJURSCPCRVETCY
LOCATIONS OF CONC PVMT LESS THaN PLAN THIUXNESS
FORMED OR FORMLESS PLACEMENT = CONCRETE P¥MY
CONCRETE PVY DESIGN MIX

TYPE OF CENENT « CONCRETE PAVEMENT

URANO OF CEMENT e CONCHETE PAVEMENT

TYPE OF CONCRETE mIX ADQDITIVES

BRAND OF AIR ENTRAINING AGENT USED IN CONSRITE pyMt
PERCENT OF AIR ENTRAINING USED IN CONCRETE DAVEMENT
TYPE OF MINERAL FILLER

SOURCE OF MINERAL FILLER

YYPE OF BOND BREAKER

SOURCE OF WATER USED IN CONCRETE PAVEMENT

AVERAGE CAF = CONCRETE PAVEMENT

Lehs ABRASION FOR COAISE AGGREGATE

SIEVE ANALYSIS OF AGGREGATE FOR CONC PVYT

891



ITem
NUMBER

L}
532
538
537
539
Se0
543
548
540
547
553
554
560
562
s66
567
568

569

IMPORTANCE
RATING
{00 70 Sop?

[YY

3.7

S0

3.3

2.9

2.5

YY)

42

o7

3.9

Se0

4

3.4

3.6

2.8

3.5

EXPERTISE
RATING
(0.3 705,

1+0

1+

1«0

2+0

2ot

10

240

10

10

1.0

1¢0

30

30

3.0

2+0

wMO
SUPPLIES
(COoDEY

11

11

1

11

1

1

13

1}

11

11

11

11

i1

11

10

10

13

10

DATA ITEM DESCRIPTOR
{60 LETTERS ANO EMBEODED BLANKS)

CONCRETE CEMENT FACTOR

CONCRETE WATER FACTOR

CONCRETE TEMPERATURE

MIXING TIME

CURING METHOD = CONCRETEZ PAVEMENT

CURING COMPOUND

LOCATIONS OF CONC PVMT OPENED TO EMERGENCY TRaPPlC
TYPE VIBRATION

AVERAGE SLUMP USED IN CONC PVT

AVG SPECIFIC SURF AREA OF CEMENT « CONCRETZ: PAVEMENT
CONCRETE TEST PROCEDURES

CONCRETE FLEXURAL STRENGTM

PAVEMENT MOOULUS

AVERAGE TEXTURE DEPTM

TYPE OF EXPANSION JOINT o CONCRETE PAVEMENT
EXPAHSION JOINT SPACING = CONCRETE PAVEVENT

TYPE OF MATERIAL USED IN EXPANSION JOINTS

TYPE OF CONTRACTION JDINT = CONCRETE PAVESENT

315

4

691



I1TEM
NUMBER

S7o0

s

sr2

$Te

ST8

$19

S8o

Sa82

s83

$8s

586

591

624

825

630

633

837

IMPORTANCE
RATING
‘ﬂoo 10 S.g)

3.3
3.0
3.8
3.8
4ed
2.8
Ly}
3.9
Y%
45
246
S.0
3.9
23
S.0

%4
5.0

43

EXPERTISE
RATING
(0,3 10 S,0)

2+0

2:0

20

3.0

3.0

3.0

3¢0

30

30

3.0

10

2+0

30

20

30

WHO
SUPPLIES -
{CODE)

10

13

10

13

1

1

1n

10

10

1o

11

11

11

10

rast

DATA ITEM DESCRIPTOR
160 LETTERS aAND EMBEODED BLANKS)

CONTRACTION JOINT SPACING = CONCRETE PAVEYENT

TYPE OF MATERIAL USED IN CONTRACTION JOINTS

TYPE OF LONGITUDINAL JOINT « CONCRETE PAVEMENT

TYPE OF MATERIAL USED IN LONGITUDINAL JOINTS

DEPTH OF SAWED JOINT |

WIDTH OF SAWED JOINT

TIME OF SAwING SaAWED JOINT

CLASS OF JOINT SEALING MATL « CONC PVMT

TYPE OF LONGITUDINAL JDINT SEALER « CONCRETE PAVEMENT
TYPE OF TRANSYERSE JOINT SEALER = CONCRETE OAVEMENT
TYPE OF REINFORCEMENY

PERCENT OF REINFORCEMENT

TYPE OF STEEL

STEEL PLACEMENT (HAND OR MACHINE)

SPECIFICATION ITEM USED FOR ACP

TYPE OF ACP MIXING PLANT (WT BaTCHING 09 CONTIvunUS)
STABILITY OF HMAC

ASPHALY TYPE

01



ITen
HUMBEH

638

839

640

[ 12

649

651

652

654

660

663

660

667

669

671

872

701

To?

$MPORTANCE
RATING
0.0 YO Sop)

2.6

409

L X3 ]

40

4.0

4.2

3.1

2.8

5.0

5.0

5.0

EXPERTISE
RATING
(0.3 T0 S,p)

3.0

3.0

3.0

20

Je0

3.0

3.0

3.0

3.0

208

30

3.0

3.0

3.0

3.0

40

WHO
SUPPLIES
(CODE)

n
1
1
13
1
1
n
n
1
1
11
1n
1

1

11

11

pant

DATA ITEM DESCRIPTOR
160 LETTERS AND EMUEDDED BLANKS)

TYPE OF ASPHALY USED POR TACK COAT

TYPE OF ASPHALT MATL JUSED FOR PRIME CNAT
TYPE OF ASPMALT USED FOR SURFACE TREATMENT
PERCENT ASPHALT (BY WEIGHT OF AQOREGATES
AGGREGATE TYPE

TYPE OF COARSE AQGREGATE

TYPE OF INTERMEQIATE AGORECATE

TYPE OF FINE AGOREGATE

AGGREGATE GRADE

ﬁKxo FACTOR OF SURFACE: AGOREGATES

RATE OF TACK COAT ASPHALT USED (0AL/S.Y.)
HATE USED FOR PRIME COAT ASPHMALT (GAL/S.Ye)
RATE OF ASPHALT USED FnR SURFACE TREATMENT (BALYSeYad
RATE OF AGGREGATE USED FOR SURFACE TREATMENT
TYPE OF COMPACTION tAC®)

ASPHALTY MIx DENSITY

TYPE OF ALP LEVEL-UP COURSE

ROUTINE MAINTAINANCE JPERATIONS

141



1TEm
NUMBER

710
3
Tie
nr
™
732
38
" 736
137
Tas
Te1
58
87
763
127
191
809

813

IMPORTANCE
RATING
(0+0 70 Sep)

5.0

3.3

4¢3

5.0

243

3.3

2.7

3.8

4.0

[T}

2.9

4,3

2.5

2.%

EXPERT]SE
RaTING
(0.3 Y0 5,9)

40

3.0

3.0

20

40

4.0

40

[ 7Y }

4e0

3e0

3.0

40

3.0

3.0

3.0

e

3.0

3.0

WHO
SUPPLLIES
tcoot)

9

12

11

12

12

10

11

11

13

12

10

10

13

13

DATA ITEM DESCRIPYOR
(60 LETTERS AND EMBEDDED BLANKS)

PREVENTIVE MAINTENANCE: MEASURES

TYPE OF REPAIRS REQUIAED

TYPE OF EACH MAINTENANCE EVENY

DATE OF EACH SURFACE wAINTENANCE

DATE OF LAST MAJOR REWABILITATION

YY?‘ OF LASY MAJOR REYABILITATION

NUMBER OF SEaAL COATS

DATE OF SEAL COATS

DATE OF LAST SEAL COAY

AGGREGATE TYPE « SEALS» PRIVES, CURING
ASPHALY TYPE = SEALS+PRIMESCURINDG

DATE OF OVERLAY CONSTAUCTION

OVERLAY TYpE

PLANNED FUTUGE OVERLAYS « TIME,NUMBER,TYPE
TYPE OF MATERIAL TO REPAIR SPALLED JOINTS
INITTIAL COST OF CONSTRUCTION

COST OF SUNHORADE PREPASATION/LANE ™ILE

COST OF SUB=-BASE/LANE “ILE «TRAFFIC LANE

paol: 19

(141



ITEM
NUMBER

816

8i7

518

826

827

654

856

L1214

ese

859

850

861

Bs2

883

Be3

886

876

882

IMPORTANCE
RATING
100 TO Seg?

2+5

2¢4

2.%

‘28

245

48

5.0

S0

Se0

5S¢0

3.3

3.8

2.5

2+%

EXPERTISE:
RATING
{03 1O 5,0}

3.0

30

3¢0

30

3.0

20

2e0

200

2.0

2.0

240

240

2.0

Ze0

2.0

20

WHO
SUPPLIES
fcoot)

13
13
13
13
13

12

11

11

DATA ITEM DESCRIPTOR
(60 LETTERS AND EMBEDDED BLANKS)

COSY OF SUB~BASE/LANE MILE « SHOULDER

COST OF BASE/LANE MILEI «TRAFFIC LANE

COST OF BASE/LANE MILE: » SHMOULDER

COST OF SURFACING/LANE, MILE ~TRAFFIC LANE

COST OF SURFACING/ZLANE: RILE = SMOULDER

MAINTENANCE COST PER LANE NI, PER YEAR

ANNUAL MAINY COST OF

ANNUAL

ANNUAL

ANNUAL

ANNUAL

ANNUAL

ANNUAL

ANNUAL

ANNUAL

ANNUAL

MAINT

MAINT

MAINT

MAINT

MAINT

MAINTY

MAINT

MAINT

MAINTY

CONSTRUCTION

CONSTRUCTION

cost

Ccost

cosTt

cosr

cosrt

cosT

Cosy

cosy

cosy

of

oF

of

oF

ofF

oF

oF

of

oF

ME THOD

TRAFFIC LANES SURGRADE/LANE MILE
SHOULDER SURGRADE/LAVE MILE
TRAFFIC LANES SUS-BASE/LANE %ILE
SHOULDER SUB=BASE/LANE AILE
TRAFFIC LANES BASE/LANE MILE
SHOULDFR BASE/LANE MILe

tRAFFIC LANES SURFACE/ANE wILE
SHOULDER SURFACE/LANE wILE
MEDLAN/MILE

SEDIAN BARRIEN/MILE

EQUIPHMENT USED

1

€L



iTe
NUMBER

894
902
208
908
909
10
911
918
216
920
922
933
944
959
954
966
7Y

992

IMPORTANCE
RATING
(ge0 10 S,9!?

3.9

3,7

2.5

3.5

3.5

3.5

z.2

407

4eb

S0

2.8

Se0

3.3

3.2

32

2.7

Y% 4

EXPERTISE
RATING
0.3 10 5,0)

140
3.0
30
30
30
3.0
Jeb

*3
140
140
3.0
20
Ze0
20
200
240
200

1+0

WMo
SUPPLIES
(coog)

11

11

11

11

11

1

11

12

11

16

16

16

16

16

11

DATA [TEM DESCRIPTOR

PAGE 12

{60 LETTERS AND EMBEDDED BLANKS)

FREQUENCY OF EQUIPMENT BREAXKDOWNS

IDENTIFICATION OF SUPPLIER =

IDENTIFICATION OF SUPPLIER w.

IDENTIFICATION OF SUPPLIER

I0ENTIFICATION OF SUPPLIER

IDENTIFICATION OF SUPPLIER =

IDENTIFICATION OF SUPPLIER »

SPECIAL DESIGN PROBLEVS

SPECIAL CONSTRUCTION wETHODS

SPECIAL COMHMENTS

TEMPERATURE DURING PAVING

ANNUAL AVERAGE TEMPERATURE

NINIMUM TEMPERATURE

ASPMALT

STABILIZATION aAGENTY

AGGREBATE (COARSE)

AGGREGATE (INTERMEDIATEY

AGOREGATE (FINgd

PRIME COAT MATL

UsED

AVERAGE NUMBER OF FREEZE«THaAW CYCLES PER YEAR

ANNUAL AYERAGE RaINFaLL

MONTHLY AVERAGE RAINFALL

AVERAGE muxsiIplTY

PREDICTED TRAFFIC LOADS (18K EQuIiv)

%L1



I1TEN
NUMBER

1012
1013
1018
1022
1026
1040
1042
1043
1081
1050
1062
1080
1082
1091
1098
1101
1102

1nn

IWPORTANGE
RATING
{00 TD Sag)

4,2

62

L Y1 ]

3.9

5.0

4.0

3.6

4.8

3.4

3.3

2.V

5.0

EXPERTISE
RATING
(0.3 YO0 5.,0)

1e0

10

1«0

1.0

10

10

1.8

10

1e0

1e0

[ XY ]

1.0

10

1e0

1e8

10

1e0

1e0

wHO
SUPPLIES
{CODE)

12

14

14

12

12

12

11

11

11

1

14

CATA [TeM DESCRIPTDR )
(69 LEYTERS aAND ENBEDIED BLANKS)

DESION LOAD

TRAFFIC LOAD

MAXINUM TOYAL LOAD

NUMBER OF SUPER WEAVY WHMEEL (0ADS DAILY
AVERAGE YEIGHT OF OVERLOAD

ESTIMATED AVERASE ANNJAL ADT

CURRENT ADT

YEARLY AOY

PERCENT TRUCKS IN AADT

LANE TRAFFIC DISTRIBUTION (PERCENT)

SPEED LIMIT

TYPE OF OETERIORATION (OBSERVED EVERY 6 MINTHS)
DISTRICT MAINTENANCE RATING/ANNUSLLY

ANNUAL RIDING QUALITY OF PAVEMENT (MAYS ROAD NETER}
DAYE OF SERVICEABILITY INDEX RATING

INITIAL SERVICEARILITY INDEX

PRESENT SERVICEABILITY INDEX

ANNUAL SKID RESISTANCE PROFILE

PaolL

13

G/T




ITEM
NUMBER

{137
1138
1148
1169
17

1242

IMPORTANCE
RATING
lgeg TO Seof

%20

3.8

49

EXPERTISE:
TING
(03 YO 5,0}

120

10

1«0

Je0

3.0

1.0

WHO
SUPPLIES
{CODE)

11

14

1n

DATA ITEM DESCRIZTOR
(6o LETTERS AND EMBEDDED BLANKS)

DYNAFLECT DEFLECTION (SURFACE)

DEFLECTION « YEAR

CRACK RATING

PERCENT LANE MI OF PV9T WITH CONTRACTION CQaCKS
PERCENT LANE M1 OF PVUT wITH REFLECTION CRACKS

EXISTING MOISTURE CONTENY OF SURGRADE =SAYPLE~ Fa 6 M2S

paoct

1s

911
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BIDDEN FIGURES TEST =~ Cf-l

This 18 & test of your ability to tell which one of five simple figures
can be found in a more complex pattern. At the top of each page in this test
are five simple figures lettered A, B, C, D, and E. Beneath each row of
figures is a page of patterns. Each pattern has & row of letters beneath it.

Indicate ycur answer by putting an X through the letter of the figure which
you find in the pattern.

NOTE: There i{s only one of these figures in each pattern, and this

figure will always be right side up and exactly the same size as one of the
five lettered figures.

Nov try these 2 examples.

DLV

A BCDE ABCODE

The figures below show how the figures are included in the problems.
Pigure A is in the first problem and figure D in the second.

v /.

XB8cCcDE ABCXE

Your score on this test will be the number marked correctly minus a
fraction of the number marked incorrectly. Therefore, it will not be to
your advantage to guess unless you a.re able to eliminate one or more of the

answver choices as wrong.
You will have 10 minutes for each of the two parts of this test.

Each part has 2 pages. Wnen you have finished Part 1, STOP. Please
do not go on to Part 2 until you are asked to do so.

DO NOT TURN THIS PAGE UNTTL ASKED TO DO SO.

Copyright (© 1962 by Educational Testing Service. All rights reserved.
Developed under NIMH Contract M-b186

179



180 Name

Date

PFDS OPINION SURVEY

INSTRUCTIONS

The purpose of this questionnaire is to obtain your opinion of the
Pavement Feedback Data System (PFDS) that is presently being considered for
implementation. Do not begin the questionnaire until you have thoroughly read
the instructions below.

You are asked to read carefully each of the 25 statements that follow and
to circle quickly the letter or letter combination to the left of the statement
which best expresses your feeling about the statement. The following letters

are abbreviations for the phrases given immediately above them:

Strongly Strongly
Disagree Disagree Uncertain Agree Agree
SD D U A SA

Circling the A in the letters to the left of the statement would indicate

that you agree with the statement.

PART I

This part of the questionnaire is concerned with how you feel about each
statement as it applies to the situation after PFDS is operational. For example,

statement 1
"It will be easier to perform my job well.”
implies
It will be easier to perform my job well after PFD5 is in use.
Whenever possible, let your own personal experience determine your answer.

Do not spend much time on any one statement. WORK RAPIDLY and be sure to

answer every statement.

DO NOT TURN THIS PAGE UNTIL ASKED TO DO SO,



10.
11.

12,
13.
14.

15.
16.

17.
18.
19.

20.

sD

SD

SD

SD

SD

SD

SD

SD

SD

SD

SD

SD

SD

SD

SD

SD

SD

SD

SD

SA

SA

SA

SA

SA

SA

SA

SA

SA

SA

SA

SA

SA

SA

SA

SA

SA

SA

181
Name

It will be easier to perform my job well.
The sooner PFDS is in use the better.

My counterparts in other divisions and districts
are generally resistant to changes of this type.

I will be able to improve my performance.
My job will be more satisfying.

I will have to spend more time looking for infor-
mation,

Others will be more aware of what 1 am doing.

The information that will be contained in PFDS
is not needed now,

I will be able to see better the results of my
efforts,

I will have more control over my job.
The PFDS project is technically sound.

Texas Highway Department (THD) goals will become
more obscure.

The accuracy of my work will improve as the
result of using PFDS.

The accuracy of the information I receive will
not be improved by the use of PFDS.

PFDS should be put into use as soon as practical.
PFDS is not important to me.

The people implementing PFDS do not realize'how
complex the pavement problem is.

The information I will receive from PFDS will
make my job harder.

The aims of my counterparts in other divisions
and districts will not be as easily achieved.

My goals and the THD goals will be more similar
than they are now.



182

Name

PART II

This part of the survey is concerned with obtaining your opinion of the

effect that your participation in the design of PFDS will have on the system.

21,

22,

25,

SD

SD

SD

SD

SD

A

A

SA

SA

Those implementing PFDS respect my opinions.

My participation in the PFDS design process will
help to provide me with training that will be
valuable in using the system when it is opera-
tional.

My participation in the PFDS design process will
not be helpful to the system.

I will not enjoy working on the PFDS data base
design.

I am not happy that my opinions are being incor-
porated in the design of the PFDS system.
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PARTICIPANT DATA
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PFDS EXPERTMENTAL DATA

INDIV HF T ITEMS ATT ATY RANK RANK
NO ., (PRE) (POST) HFT ATT
10 25 4 79 74 12 202
11 6425 7 61 59 53 70
12 4.00 13 66 72 35 104
13 »e25 14 66 63 8 114
14 T¢50 15 67 70 71 123
15 »1e75 16 62 57 2 81
16 4e25 20 68 58 36 131
17 6.00 21 67 72 52 119
18 Te75 29 82 17 73 209
19 6450 32 67 67 s7 121
20 3.00 9 64 70 28 95
21 700 9 69 65 68 144
22 7400 9 70 71 67 153
23 175 10 61 77 20 69
24 Ne00 12 65 69 11 100
25 0.00 15 59 71 10 63
26 6.00 17 70 17 51 158
27 6.50 23 61 65 56 76
28 2450 30 63 66 25 87
29 - 6450 7 70 63 55 154
30 1.00 7 66 68 16 116
31 2400 7 67 68 23 117
32 675 10 74 73 60 181
33 3.00 10 62 71 27 79

185



186

INDTV HFT ITEMS ATT ATT RANK RANK
NO. (PRE)  (POST)  HFT ATT
34 1025 10 67 73 17 128
35 7.00 15 62 68 66 82
36 4450 16 82 73 39 207
37 5475 27 68 13 48 140
38 578 31 69 71 47 145
39 4475 38 83 14 42 211
40 -e75 8 58 59 5 53
1 6475 10 68 70 59 141
42 8400 10 72 72 78 171
43 ~1425 14 59 65 3 64
44 4400 14 59 69 34 61
45 3.75 15 68 63 33 135
46 6400 16 58 63 50 55
47 3.75 20 66 72 32 106
48 7.00 29 65 80 65 98
49 5400 35 72 64 44 170
50 11.75 5 65 62 130 97
51 11400 14 67 57 117 125
52 8475 15 64 76 86 91
53 8425 19 66 79 79 107
54 11,25 21 70 72 120 152
55 13400 24 77 78 145 197
56 11450 26 66 67 124 112
57 9425 37 70 73 94 160

58 9475 45 66 69 99 108



187

INDIV HF T 1TEMS ATT ATT RANK RANK
NO s (PRE) (POST) HFT ATT
59 11,75 48 68 63 129 133
60 8400 10 16 84 77 192
61 8,00 12 76 74 76 191
62 13.00 15 62 94 144 80
63 12.75 18 68 68 139 138
64 10400 22 66 60 104 115
65 12475 25 79 80 138 200
66 8475 27 70 67 85 157
67 11475 32 82 80 128 208
68 11450 45 64 50 123 90
69 10450 49 64 62 105 89
70 11400 10 67 73 116 120
71 9400 11 73 71 93 178
72 11400 12 61 74 115 74
73 8400 17 72 7 15 172
74 10475 24 65 59 106 99
75 13400 26 77 66 143 196
76 11400 29 58 65 114 54
77 9400 33 67 65 92 122
78 11450 45 71 75 122 168
79 11.00 49 84 74 113 212
80 8450 10 67 58 81 126
81 13400 14 66 73 142 113
82 12475 15 60 69 137 66

a3 1000 20 66 65 103 110
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INDIV

NO,

84
85
86
87
88
89
90
91
92
93
94
95
S6
97
98
99
100
101
102
103
104
105
106
107

108

HF T

10,00

8400
13.50

9400

9400
12475
19400
16400
17400
19400
19400
18400
14400
18475
19.00
14400
21400
16425
14400
15400
23400
14400
16475
18400

1675

1TEMS

24
26
29
30
36
50
16
20
22
25
26
29
34
47
62
63
13
15
19
22
26
29
46
50
52

ATT

(PRE)

74
79
73
60
64
83
63
72
71
61
75
69
764
62
68
69
74
63
72
76
68
63
69
70
61

ATT

(POST)

73
70
70
57
71
75
65
70
66
58
63
71
74
60
63
68
68
67
55
75
66
55
74
65
56

RANK
HFT

102

T4
147

91

90
136
192
170
178
191
190
182
157
184
189

156
194

RANK
ATT
185
201
177

65
96
210
8%
175
165
68
186
150
184
78
136
147
183
B4
173
190
134
86
149
161
72



INDIV

NO,

109
110
111
112
113
114
115
116
117
118
119
120
l?l
122
123
124
125
126
127
128
129
130
131
132
133

HF T

21400
1600
1500
15475
1475
1375
15475
26400
17400
13.50
24400
16400
1700
15400
19.00
1900
18400
1775
1375
14425
22450
12400

S¢00
1000

150

1TEMS

130
21
40
14
22

ATT

(PRE)

65
73
72
73
58
59
67
64
72
75
67
69
66
74
71
66
59
59
81
63
64
16
53
53
54

ATT

(POST)

69
66
60
71
60
85
62
B}
69
67
64
62
70
13
65
-0
63
69
74
68
70
63
39
65
73

RANK
HFT
193
169
162
167
160
151
166
200
177
146
199
168
176
161
188
187
180
179
150
158
196
134

89
101
18

RANK
ATY

102
176
174
180
56
59
129
92
169
187
124
166
105
182
163
103
62
60
206
83
94

29
27
3

189



190

INDIV
NO.
134
135
136
137
138
139
140
14]
142
143
144
145
146
147
148
149
150
151
152
153
154
155
156
157
158

HF T

7400
11.75
=425
7400
11400
8450
6450
3475
11.25
9.75
75
9400
17.00
0400
9400
13.00
14400
3400
9475
6075
22400
7450
2400
9450

4450

ITEMS

16
52
25
20
17
15
32
10
15
60
23
30

29

12
24

30

20
22
13
13
37
62

ATTY
(PRE)
55
55
55
56
56
57
41
47
47
50
50
52
53
55
56
s7
46
47
47
50
51
52
52
53
55

ATY
(POST)
69
57
62
66
58
66
62
50
72
69
47
32
62
56
63
64
70
34
=0
47
57
=0
71
57
S8

RANK
HF T
64

127

63
112
80
S4
31
119
98
15
88
175
9
87
141
153

97
Sé
19%
70
13
9%
38

RANK
ATT
34
39
38
45
43

51

12
10
16
18
21
26
35
41
49

11
13
15
19
ee
24
30
36



INDIV

NO,

159
160
161
162
163
164
165
166
167
168
169
170
imn
172
173
174
175
176
177
178
179
180
181
182
183

HFT

475

11675 .

1475
11.00
13.75
11400

3.75
12400

675

.75

5.25
12475

2400

8475

8,75

7.75
14475
14400
12400
11400

7400

3,75

.75
22475
975

1TEMS

25
16
50
11
21
48

KK
15
15

20
32
108
73
21
11

10
28
50
10
13

ATT

(PRE)

55
36
44
49
52
52
53
54
56
56
57
36
56
57
61
62
67
69
70
78
79
38
57
59
60

ATT

(POST)

60
36
65
62

65

-0
65
58
68
15
60
57
-0
56
67
59
68
69
73
71
-0
42
61
48

66

RANK
HFTY
4l
126
19
111
149
110
30
133
40
14
45
135
21
B4
83
72
159
152
132
109
62
29
13
197

96

191

RANK
ATT

37

14
2%
23
28
32
42
44

50

40
48
75
77
118
142
155
198

203

52
58
67
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INDIV

NO .

184
185
186
187
188
189
190
191
192
193
194
185
196
197
198
199
200
201
202
203
204
205
206
207
208

HF T

11425
1175
13475
7,00
5475
10400
2425
11400
15,75
6400
19400
8475
13.00
11450
=50
11400
3,00
15475
S 00
19400
18475
16425
.75
4.50

T.50

ITEMS

8é
109

48
47

59

20
29

52
55
70
90

12
14
20
58
57

ATT

(PRE)

64
70
70
71
71
80
51
69
61
40
61
86
68
67
76
66
54
70
71
78
75
27
50
73
68

ATT

(POST)

37
69
72
T4
65
83
47
71
60
60

4
92
70
72
70
68
72
12
67
69
83
22
64
61

-0

RANK
HF T
118
125
148

61
46
100
24
108
165
49
186
82
140
121

107

26
164

43
185
183
171

37
649

RANK
ATT
88
151
159
167
162
205
20
143
73

71
213
139
127
195
111

31
156
164
199

188

17
179

130
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INDIV HFT 1TEMS ATT ATT RANK RANK
NO . (PRE) (POST) HF ¥ ATT
209 12,00 179 80 87 131 204
210 15400 14 57 58 47
211 13.75 34 71 73 166
212 6450 22 66 46 109
213 23400 23 68 69 132
214 19475 160 69 71 148
215 12.75 8 64 72 93
216 10450 22 65 50 101
217 7475 35 79 77 194
501 17400 62 61
502 20400 69 65
503 13.75 68 50
504 14475 68 61
505 16475 76 7
506 8400 78 71
507 13.75 75 66
508 9,00 65 72
509 12400 61 66
510 11450 52 46
511 4,15 53 42
512 12.25 69 70
513 <75 57 42
514 11475 65 57
515 7400 63 65

516 19.00 79 73
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INDIV
NO,
517
518
519
520
521
522
523
524
525
526

527

HF T

2000
13450

12400

ITEMS

ATT
(PRE)
S4
79
70
66
69
65
64
69
59
65

66

ATTY
(POST)
67
64
68
80
56
57
64
69
55
65

68

RANK
HF T

RANK
ATY
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TENTATIVE LIST OF ITEMS FOR PFDS

In Table F-1 of this Appendix, a working list of items for possible in-
clusion in PFDS is given along with other information including the importance
ratings assigned the items by the participants in the Delphi process. The

following is an explanation of the data in Table F-1.

Item - arbitrarily assigned identifying numbers for the items

Descriptor - descriptions of the items

Avg - average of the importance ratings assigned to a given
item by the delphi groups that included that item

N - number of groups that included the item

Range - range of importance ratings assigned to a given item

by the different Delphi groups

Groups - indication of which delphi groups included a given

item. (This is discussed below.)

Under the heading GROUPS, a string of binary numbers are printed corre-
sponding to each item. The binary numbers were actually stored in two words
in the computer; thus, since leading zeroes in a computer word are not
printed, blanks sometimes appear instead of zeroes.

Each binary number indicates whether one of the Delphi groups included
the item under consideration; a 1 indicates that the item was included, and a
blank or zero indicates that the item was not included. The groups are num-
bered from right to left; that is, group 1 is on the far right, and group 21
is on the far left. As discussed in the text of this report, the group num-
bers have the following significance:

Groups 1l- 4: Global
5- 8: Mixed
9-12: Analytical
13-16: Low Attitude
17-20: Control
21: Late

We will now discuss the two remaining steps needed to produce a final

data base from the list given here.
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First, the redundancies in the list should be eliminated. Table F-2 is a
set of redundancies which were reported during the experiment by the delphi
participants. This set is presented here without editorial analysis. Random
inspection tended to confirm the belief that numerous redundancies do exist.
The set is not error-free, however, as evidenced by the very first entry,
items 19 and 211, which are definitely unrelated.

Second, a final decision must be made about which items from the list
should be included in PFDS. For this purpose, the verbal descriptions of the
importance ratings, which are given in Appendix A, will be very helpful.
Those descriptions will be repeated here for the convenience of the reader:

0 Imperative that item be included
0 Highly important

0 Moderately important

.0 Of questionable importance

0 Low importance

0 Absolutely no importance

While no steadfast method exists for determining the cut-off point,
several recommendations are included below. Using the verbal descriptions of
the importance ratings given above as a standard, it is suggested that all
items having overall importance ratings of 3.0 or more be included, whereas
all items with a value of less than 2.0 be excluded from the permanent list.
In addition, any item having a RHI wvalue, the highest importance rating
given an item by a group, of 4.0 or more should be included, as at least one
of the 21 groups considered that item to be highly important. When consider-
ing the items remaining, several factors should be examined. It is suggested
that attention be paid to both N , an indicator of how many people consider
an item to be of some importance, and the range of importance ratings. A
larger range of ratings indicates a substantial diversity in feeling towards
that item; if there are a few high ratings, inclusion may be warranted, even
though the average is low.

Once the items to be included in the final data base list have been
decided upon, the next step is to store the corresponding data for the
existing pavement network, and add data for new projects as they become
available. This data base has the potential to be of great benefit to the

engineer in the fields of pavement design, maintenance, and research.
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186
479
48

&ns

701
es?

RS9

$121n
99)
=30
f58
1220
1221
Y722

TABLE F-1. COMPUTER SUMMARY OF RESULTS OF ALL 21 GROUPS

NESCRIPTOR
10R NUMRFD

TYPF OF SI'R=RASF (SHOULDNERS)

TYPF OF SERFACING = TRICK [aANF

eypFACE CrURSE THICKNESS « TRUCK | AMFE
TOFATTIFICATION OF SUPPLIER = ATR FNTRATNING AGENT
ROSAGE ATR ENTRATIATNG AGFNT

COMCRETE TEMPERATURE

RAVEMENT MODULUS

TYDF OF COMPACTION (ACP)

TYPE OF ACP LEVFL-UP COURSE

ARNNUAL MATNT ¢NST OF SHOULDFR SURRRADF /LANE MILF
ANNUAL MAINT COST OF SHOULDFR SUR=BASE/LANE MILE
FUTURE 20 YEAR ADT

FUTURE 20 YEAR DHV

AXLFS PER VEWIAGIF

AX{F GROWTH FACTOR (INPTCATFS PFRAEMT TRIICKS)
NATF OF DYNAFLFECT PROFILF

NULABTI ITTY UNDER HEAVY LnaNne

TYPF OF SURFACING = TRAFFIC | ANF

THICKNESS OF SURFACING = TRAFFTF | AME

TYPF OF SUI'ARASE = TRAFFIC LaANF

RFPTH OF QURRASE = TRAFFIC | AMF

| BNF CADF = MATN, FRONTAGF, CONNFrTARS

NATE OF ECUIV 19 KTP AXLE DaTa

SAND EQUTVALFAT vaLUE

ANNUAL MATNT COST OF TQAFFIF | ANES cUR-RASE/LANE MILFE
PERCENT LANF w1 OF PVuT wiITW SLIG-T CNRRUGATIANS
RFRCEAT LaNFE M1 OF PVMT wiITH MONFRATE cORRUGATIONS

PERCEAT LANF MT OF PVMT wiTu SFVFRE CNQRIGATIONS

AVG
Sen

5.0

Sen

S.0

N
2

RANGF
RLW ANWT
Sel G40
Se0 6,0
Sen S0
Sell Ko
Sefl Ee0
Se0 &.0
CBed K.0
Sell S,
Sefl 5,0
Sel S.0
Sefl S.0
Sell &e0
Seft Ba0
Sefh S,0
Sell S.0
Seft 8.0
Se 5.0
e §,0
Seh %,0
SeN &,0
Sel &.0
SeN E&,0
Sefh &.0
Sen Se0
4.9 4,9
4.R S.0
4.9 4,9
4.9 4,9
4.9 4.9

GROUPS
101000000 n
n 10

n ]

n 1
100N00H0N n
1000000 n
10 0

10 0

10 0

10 n

10 ]

' 0

n ynnnndNON

n 100000000

n 100

1nonn n

n 10

n 100

n 10

n 10

n 10

n 10

n 10
1000000000 n
0 10000

10 10

1000000000

i1nononnnnn

loonnnnnnp

DAGF 1

(Continued)
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ITFm

1216
1217
1218
Y2271
1228
1229
1712
1213
1714

201

460

£09

TABLE

DESCRIPTNHR

DERCENT LANF M1 OF PVMT WITW SLIGHT FLUSHING

PERCENT LANE M1 OF PVMT WITH MONERATE FLUSHING

PERCENT LANE M7 OF PVMT wiTk SEVERE FLUSHING

PER~ENT LANF MI NOF PVMT WiTu SLIGHT RAVEL TNG

PERCENT LANE M1 OF PVMT WITW MONERATE RAVELING

PERCENT LANF M1 NF PVMT WITH SEVFRE RavEL ING

PATCHING «GO0OD= PERCENT OF ARFA - Fa 0,2 MI

PATCHING «FATR= PERCENT OF ARFA = EB& N,2 M)

PATCHING «PNOR= PFRFENT OF ARFA = Fa n,2 MIT

MATERIAL TYPE OF NATURAL SOTL RFLOW SURGRADE

MOPULUS OF FLASTICITY OF RAGF

NISTRIRUTFD STEFL STZE

NISTRIRUTFD STEFL SPACING

PERCENT WATER ARSORPTION OF AGGREGATE

PRTIMARY RFAGON FOR SEALING (DFVFLOP CONE)

PISTRICT vAINTENANCF RATING/ANMNUA! LY

PUMPING =MINORe AVG OF PVMT | ENGTH EA 0,2 MI

DGMDIRG =Ma JOR= AVG OF PyMy LENGTH FA 0.7 MI]

PERCENT LANF M1 OF PVMT WITu MAJOP FATLURES

TRANSVFRSE CRACKING =SLIGHT. AVA N0 PEp STA Ea .2 MI
TRANSVERSF CRACKIAG =MODERATFE=- AVA N0 PER STA EA 2 MI
tONFTITUDINAY CRACKING - Si 1AHT= LTN FT PFR STA
1LOMGITUDTINAL CRACKING =MONERATE- | In FT PFR STA
DERCENT LANE M1 nF PVMT w1Tu SLIGHT ALL 1AATOR CRACKING
PEPCENT LANE M1 OF PVMT WITy MONERATE ALt TGATAR CRACKING
PEPCENT LANF MT 0OF PVYMT WITH CEVFPE ALLIGATOR CRACKING
SPALLTING =MINOR=-AVG PERCFNf OF rRACKEN LFNGTH EA (2 M1
SPALLING =MAJOR= AVG PFRCFNT AF CPArKFN | FNGTH EA .7 M1

DFRAEAT LANF M1 0OF PYMT WITH QLTGHT RITTTING

F-1.

AVG

(Continued)

N

RANGF
RLW RH?
49 4.9
4e9 4,9
6e9 4.9
6.9 4.9
409 4,9
6e9 4,9
649 4,9
449 4.9
6e9 4.9
49 4.9
49 4.9
46e9 4,9
409 449
4e9 4.9
4.9 4,9
4R 5,0
4e9 4.9
49 4.9
4e9 4.9
449 4.9
4e9 4.9
4.9 4.0
4eQ 4.9
4e9 449
4.9 449
49 4.9
4.9 4.9
409 4.9
4.9 449

GRNLIPS

1000000000
1000000000
1000000000
1000000000
1000000000
1000000000
1000000000
1000000000
1060000000
1

1

1000000
1000000

0

10000000
11
1000000000
1000000000
100
1000000000
1000000000
1onnnnAGAN
1000000000
1000000000
1000000000
1000000000
1000000000
1000000000

1000000000

0
0
100000000
n

0

PAGF 2

(Continued)
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TABLE F-1. (Contipued)

RPANGE RAGF 3
NRESCRIPTAR AVG N RLW  RWl GROUPS
PERTENRT LANE MT OF PVMT WiTw REVFRE RUTTING 419 1 469  4a9 1on0n0n6nn n
RAYFMENT MACRC TEXTURE 4.9 1 449 4,49 6 1enaonnn
1LOWFST SKTD NUMRFR (PER OANST JnAy 4.9 1 4s9 4.9 1rannn6000 n
HIGHESY S¥In NUMRER (PFR CONST i0R) 4.9 1 409 4.9 yapannnnnn n
FREODUENCY OF TRRFGULAR CRaCKING 4.9 1 4.8 4,9 n 10onnongn
NYNAFLFCT PROFTLFe GEORHONE & 4.9 2 4eT 4,9 1nnnanAnNAn YORBANNND
DATF PERFARMANCF DATA ACQUIRFD 4,9 1 449 4,9 100n0n0N0ON 0
FUTURE 2pr YFAR DIRFCTINNAL NISTRIRUTION FaCTOR &,.9 | 48 449 noInnNaNaNon
FRFAUENCY OF COBRRUGATION 4,9 1 4o 449 fnonnnnonng
CYNAFLFCT PROFYILE, GEOPHONF 4,9 1 408 4.9 1honanonon n
RYNAFLFCT PROFILE « GEOPHONF 7 4,9 1 4e9 449 tannoannnn n
DYNAFLFCY PROFILFs GEORHONE 1 4,9 1 4e9 4,9 1000008080 n
RYNSFLFCTY PROFILE e GEOPKONE & 4.9 1 409 4,9 1nnn00nonn n
MEASURFD YI1FL D 4,9 1 4eQ 449 1006000 0
ACTHAL OFxSITY (Na) = SURGRANF 4,9 1 4e 449 1annnann o
FRFOUEMEY OF SHAVTING 4.H 1 4R 4R norannonnnn
ANNE-AL TOTAL CLAY SwELL = SEIFCT 1 OCATIONS 4.R 1 beB  44R n ILLLEE ]
PESIGK NEETH OF FLOW SINF RAaN RITCUHES (P GP) 4R 1 4eB  4oR 1060n0A00 n
NRCFRVED rEetk AF FLOW STOF O0AN PTITCWES 4R 1 4eR 4R 10000000 f
SOUNDRFSS ya L LF OF AGGREGATFS 4.8 ? 4eR 4,9 1900800 1ON0NOOND
SFRCEAT OF BYMT WITH LONMGITUNTNAL CDArKS « AT OVER{AY 4.f 1 4aR  44R 1nannnrn n
TYRF OF Sr1) = BORROW MATERyay 4. 1 4eR &R tannanan n
“ATNTFMANCE GQECTTON 4, R 1 4eR 4,8 pn n
TRTTIAL Y8 wyP EOUTY AXLFS OF5 Pav 4oR 1 6eR  4,R LB "
AVFRAGE TRUCK SPFFR 4o 1 4R 4.R 1rannm a
AGGEERATF TypFE « | avEQ 4.R ? 445 ©,N o 107
AFRTH OF SURRAKE - THOLY DER 4R F G6e% ©,.1 TANARDNAAR i)
Busmy OUTE apIN Re PUM TR (e wT Yy Tn 2 FY OIN G17F 4,7 H 4e7 4,7 renannnnann A

PUMOR NUTE wINnR- TUM Th s bt 4 TR g FT IN GI7F 4,7 3 b7 4,7 rapannpanny " (Continued)
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TTEm

1207
1708

1709

1210

23
267

€34

Q98
1134
16
204
721

eR1

a9n
448

239

e k9

PUNCH NUTE «~MINAR- NUM
PUNCH OUTS =MA JNRe NUM
PUNCH NUTS «MAJNRe NUM

PUMCH OUTS -MAJNR- NUM

TABLE F-1.

NFSCRIPTNR

IN
™
N

LY

]
.2
o?

2

MT GT 10 FT IN SIZE
MT 1 Tn 3 FT IN SIZF
MT 4 Tn 6 FT IN SIZF

M1 GT 10 FT IN STZFE

TYPE OF SOFCTAL MATNT PROJFATS UNRERTAKFN

NEPTH NF F~ONCRFTE ~QOVFR

FATIGUS CHARACTFRISTICS OF FACH LAYFR

PASTE FaACTOR

TYRPF CF SPRFADER

ADT AFTFR EACH OVERLAY

NESCRIPTION OF aNY UNUSUAL FATLURFS

NISTRTICT NFSTIGN RATING/ANNUALLY

TRANSYFRSF CRACKING <SFVERE=-

AVG vO PFR STA EA ,2 MIT

|ONGTTUDTR AL CRACKING =SEVFoF- LIM FT PER STA

PAVFMENT FESTGN

FOCMCRETE PESTGN STRFNGTH

(MANLIIS OF RUPTURE)

1R KIP EQUIV AXtLES PER DAY AFTER FACH NVFRLAY

NYNAFLFCT NEFLFATINN (SURGRANE)

SLRARRANE TRTIAXTAL CLASS/TREATFD

ACCFSSARTY TTY OF SURFACF WATFR TN RBASF

PERCENT OF STARILIZATION FOR FACH LAYFR

TYPF OF LANATTUNTRAL JOTNT cFaAlFR

DERCENT LANE M1 OF PVMT W1TH MODPFQAYF RUTTING

TYPF O CONCRETYF PAVEMENT

NENSTITY = STARTL 1ZFD BRASE

PERCENT BINPER TN FACH LAYEP TN Pl acf

PEOCENT LANGTITHNTANAL STFFL 1M FACK | AYFR

FRFQUFMCY OF GRANF POINTS

TYPF OF ArMTYXY « LAYFR

- CONCRFTF PAVEMENT

AVG

(Continued)

N

RANGF
RLW RHT
4eT 4.7
a7 4,7
GeT 4,7
6e7 4,7
4¢5 449
G4aT 47
G6eT7 4,7
4e7 4,7
4e7 47
4eT 4.7
47 4a7
407 4.7
425 4,9
4e5 4,9
el 4,7
Ge) S0
4ol 447
4ell K0
4ea1 BG0
47 4a7
4.8 4,R
4.8 4 R
beb 4,9
e R,0
Geh 4.6
bebh 47
44 KoO
Geb  bLeb
G Kk Gob

GROUIPS

1onn0nnnnn
1000000000
1000000000
1nnaonnnnn
10000000
1000000000
n

1000000
1000000
10000000
100

1
11000000000
11000000000

1on000000

1

n

1n0nnn

n

n

1000006 10AYV1INNNN

10000000
100000
1n0n00Y A
10
10000
1nanAAY A

tonnoonnm

n

111100100Y 1000N00NN

ynnannnn
1000AN0N
1001010ANA
ILLLGT

1

n

110000

n

n

" (Continued)
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DESCRTPTNR

CPFCIFTCATION TYFEM USEN FOR CANCRFYF PAVFMENT
NESIGN DENSITY OF CONCREYE (WT/0U.FTe)

SPECTIAL COMMENTS

DESTGN YEAR aDY

TEMPERATURE 0F MIX AT LAY NnwWM

LOCATION WHERE EMULSIFTED ASPHALT USEN IN MAINT,
TYPF OF RNAND BRFAKFPR

AVFRAGE WEIGHT OF OVERLOAD

NUMRER OF SUPER HEAVY WHEFL L0OaNDS Dalry

PAYFMENT THTICKNFSS OVERALL

CONTINUGUS INVEMTORY OF SWELLING rLaY aRFaS

1A KIP EQUIV, (NISTRICT ESTIMATE)

NEPTH OF FOUNDATION COURSE

SURSOIL COANNITINNS

TYPF OF STARILIZATION ~ SURBRASF

SHAULDER BATING SCORE - PROFET 15

TRANSVERSFE JOINT SPACING

ARTTCTIPATFO FUTURE POPULATIAN OF ARFA (D-10)
TYPF OF CONSTRUCTION CONTRO| EACH LaYER
FOUMDATION COURSE NEPTH « SunynFe

PERCENT CANTFNT NF STARILIZATION - SUBRASF

€OTL CONSTANTS - BASE

TYPF nF AP SURFACF CNURSE

TYPE OF TRANSVERSE JOINT SEAI FR « CANCRETF PAVEME
ARMOR U011+ T8 (RRINGE ARUTMEMTS) = MATERIAL TYPE
ASORALT MTX DENSTTY

AANLIAL MATNT COST OF SHOULNDER SURFArF  ANF MILE
LOCATION oF TEMPORARY RIGHT 0¢ WAY 115F AGREEMENTS

TYPF OF SIRFACF FATLURF FIRQT DRSFRYFA

TABLE F-1,

AVG

bab
4et
4.6
4.6
4.6
4ok
4,8
4.5
4.5
6,5
4.5
4,5
4.5
4.5
4.5

4.5

NTY 4.8

4.5
4,5

4o’

(Continued)

N

- N W

> NN N

RANGF
RLW RHI
bob  bob
hef  4ab
4ab A
3.7 Se.0
bel BT
bob b6
4e]l 5.0
4s] 5.0
4el 5,0
3.6 5.0
4% A4S
4e5 4.5
LT 1Y
4e0 50
403 4.8
4e85 4.5
428 4.5
ba8 4,5
45 6,5
Lo 445
405 4,5
445 445
40 R.O
445 8,5
4.8 4.5
4eft B,0
GeNl  RaD
405 445
4efl 5,0

GROYPS
1n n
1800000 n
1n o
11000001000 n

0 100010000

0 1
101000000000
1000010 1]
10 10006

1111111111111101100

n 1000000

10000000 n
1000000000 0
11000 10100000
16006000000 1010000
1008 [

100 0
10000000 n
10000000000 0
1000000000 n
1000000000 o
nloononooon
1000000010 n
10 (]

o 1

11 n

1010 n

0 1

>

100a1000000

PAGF &

Y

L0 AIISHSAL

OV Swx3

SLEDRNNEN

FILNED NOILY LA
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TABLE F~-1.

AVG

SFAVICFARTLYTY INDFX AT DECTYSION TO OVFRLAY 4,5
SERVICEARTLITY TNDEX AFTER raCH OVERLAY 4.5
1OCATINN OF TRAFFIC SIGNS 4.5
SPACING OF Louér?unINAL CRACKS 8,5
PISTRICT cUMRER 6.5
CONCRETE RAVEMFNT THICKNFSS 4,5
NAYF WINENING COMPLETED 4.5
FANTNG MILEPQINT 4,5
SECTION 4,5
CONCRETE PAVEMENT NESIaN STANNARD (rPUR«CRCRIETC) 4.5
ANNMUAL SWRLLING CLAY RATE = SFLECT (OCATINNS 4,5
CLASSIFICATION NF BASE 4,5
Max Pl OF Fack LAYFR 6ok
AVFRAGE RFAM BRFAKS 4,4
RAGE THICKNESS = TRAFFIC LANF hob
NATHWLD (NESIGN aVvG TEN MEAYTEST WHFEL LnAaDS DAILY) ok
COMPRESSIVE STRFNGTH (UUNCONFINED)Y « CEMENT STAP RASE beb
FRACKING (SQ FT/100" SQ FT) AT NECIINN TN OVFRLAY 6.4
SPACIKG OF TRANSVERSE CRACKS beb
SPFCTAl DFSIGN PRORLEMS .6
LONGITUNTF AL JOINT SPACING 4,4
MECHANTCAL ANALYSIS OF SURGRADF 4.4
TOTAL 18 x1p SINGLF AXLE (NADS Tn DATE bk
LOCATION OF COMMFRCTAL DRIVEWAY CANGTRUCTION Gk
PREVERTIVFE MAINTENAMCE MFASHRFS Y
PENUCTTON In PLASTICITY INDEY Ry €TaRT(17aTION - LAYER P
RERTONTC CRACK SPACTNG Pno?rLr FOR rReP bote
TIMF AF SaWING SawFD JnIny bed
TYPF CF CrNCRETF FNORMS 4.4

{Continued)

N

14

L ¥ LI« S )

w N W

HANGF
LW  PRHIT
4eB 645
425 445
425 445
448 4,5
3.9 4,8
3B S.0
8¢5 445
3.7 5.0
3.9 &,0
3¢3 8,0
4.5 4,5
4.2 4,8
Gal) 449
4ot 4,8
3¢ Re0
JeT 6.9
de] 4,8
Sed 4.4
(Y P
Ge2 4,7
Ged  hok
heb  bod
Teb 4,9
Geb 4.4
3.9 K.
b4 4.4
bell 4,8
Gob bk
bed Lak

GRONPS
10000000 fn
10000000 0

0 1
1 0
1011000 160000

11111101001 101101100

10066000 a
101001004 0
101011010 1nnno

1010010 101

0 1000000
1000000001001 0000N00
1nnanonlnnnannnnn
100 1i1nonnn
1n1aona1n n
1 10000000
10000001 [
nognnnn n
tigonanoonn

10 1000000

100 n
1a00n00n n

100000001 10110000

0 1

1 10
1nannnnnng fn
11000000 n
10 n

a 1aananons (Continued)
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17

48
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T07?
6%
ARE

k60

TABLE F-1.

nFereIpPToR AvVG

NUALITY TFSTR NATA ON MATERTAIS 4eb
PERCENT CRUSHED FACE OF SURFACE AGGREGATF bed
REGTNNING MILEROINT = PROJEPT, RRIDAE, ETr 8.4
ANNUAL SERVICEARILITY TNDEX RATING - PFR ne? Ml L.4
PERCENT OF aJR FNTRAINTNG UGFN IN CONCRETF PAVEMENTY bok
NERTGN HOURLY TRAFFIC (DHV) Lok
RAGF TRIAXI&L €1 ASS LIY)
SURGRAPE TRYIAXTAL CLASS/RaAW 4ok
OVFRLAY TWICKNESS hob
FONTROL 4ok
NATF OF SFAL Cnat$ 4,4
SURRASE THTICKNFSS bots
STNPPING STGHY NISTANCF 4,4
CURFRANE <€OtL TYPF=SUBGRADE MATFRTA| 4ok
NEPTH OF SAWED JOINT bet
PRORARLF CAUSE NF NISTRESS oFAUTRING REHaAlLITATION bes
TYPF OF FINF AGRREGATE hed
ROHTINE MAINTAIMANCFE NBFRATIONS 4ob4
SURGRADE F yaLUF 4ok
CUDFACF STIFFNFSS rOEFFICIENT 4,3
SKILC FACTrR oF SURFACE AGGRERATFES 4.3
TENMSTLE SYRENETH OF REINFORAFMENT 4,13
RARTC PAVFMFNT TYPF 4,3
TYSE OF MATERIAL USFN IN TRAMSVFRSF JDINY 4,3
TYPF OF HAT MIX USER 4.0
TYPF OF SYARILTZATION - RASE 4,1
BRMUAL MATNY COST OF SHOULNFP RACE/( AwF MILF 4.7
PRAJECTED TRAFFIF AOUNTS 4,3
CERCENT LaNE M] OF PVMT WiTu JOINT FAT) UPFS 44,7

N

12
17

13

12

11

21

(Continued)

PANGF
Riw 8wl
beb 4ok
bdols 4ok
IeT Ba0
3«1 S0
Jel S0
3.5 Ra0
2
3.2 S0
3.0 5.0
3,8 &,
3¢3 8,0
3.2 5,0
beb Lok
3,7 4.R
bal Lok
3.7 s,.0
3.7 8.0
3.6 K.0
bob Aok
440 447
V7 Sl
4¢3 4V3
1.7 5.0
4¢3 4,3
4N 4,4R
1.4 5.0
.6 B
34/ RK.0O
.7 4a9

~RAUPS

10000 n

o 10000
10101011000 1annn
1110200000) 101000000
101008010 106010000
150000001100000110
110101113101100010100
1011111111131111Y1010
10111111001100 010011
100011010 10000
10110100017 100101011)
11n0111101011010001

0 1Inanp000

(RN RR R RRREERERRRRRREE
10 n

1annnano

1noonn

1061011 100060000

160010106010 100110
1 0
10100000000 0
1110 16an0n]
1080680000 0
AR L ARRRARERRRRE R
160 n
10100010n n

IBRRRRRERRRRRRRRRATE.I]!
intananannnn
nlannannian

1ApnaNRG YORANARANAD
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ITEM

63
4?79
QT3
484

401

€54
72
458
1276
£33
1742
1723
1226
1725
€27

417

974
1297

245

TABLE F-1.

NFESCRIPTNR AVG

MUMRER OF LANES FACH NDIRFCTTIOM 443
NERTH NF <TARILTZED BASE 4¢3
RATAFALL TNTFNSTTY 4,3
MONULUS QF FLASTICITV OF SURFACF 4.3
CURRASF STIFFNESS rOEFFICTENTY 4,3
QUR=RASE TRTAXTAlL CLASS 4.3
TYPF OF TRANSVEPRPSE JOINT = rONCRFTE PAVEMENT 43
HIGHWAY NIMRER 4,3
NENSITY OF FACH LAYER OF COMPACTFN FMRANKMENT 4.3
SPECIFTCATION 1TFM USEN = LaYeR 4,3
SURFACF CnURSE THICKNESS 443
FfOMPRESSIVE STRFNGTH = LAYER 443
eAcE THICKNFSS 4.3
LAYFR NESIGN (TRENCH OR RLAMKFT TYPF) 4,3
CONCRFTE FLEXURAL STRENGTH 4,3
STATEMFNT OF MATNTENANCE PRARLEMS 4¢3
TRYAXTAL CLASSISFICATION OF STARTLIZED BASE 4.3
PROMAR| E PISTRESS MFCHANTSMG 4.3
¥FTHOD OF CONSOLIDATION 4,3
ryrrENT arTY 4,2
PFRCENT LANE MT OF PVMT WITu SLTGHT WAVES,SAGS HUMPS 4.2
PERPFENT LaNF MI NF PVMT WITH MONFRAYE WAVFSeSAGS HUMPS be?
PERFERT LANF MT OF PVMT WITH SEVFRFE WAVESSAGS,HUMPS 4,7
ASoHALT CANCRETF PAVEMFNT - THICKNESS 4e?
TYPF OF S1'RFACING 4,2
cOST OF HAUL Fno RASE MATFRTA) 4.2
WET DRY CYCLF IVDEX . &,?
FCONPITION SUPVFY (RI=ANNUAL) Y) 4,?
SURGRANE STARILT7ATION = OEDPTH 4,2

(Continued)

N

21
11

HANGE

RLW RHT
4¢3 443
4¢3 443
4¢3 4,3
Gall 4,6
3.8 4,8
3.8 8,0
35 48
3e3 K,0
4¢3 443
4e3 443
2.9 8,0
Jeb6 449
?e4 5,0
3.7 4.9
3.5 K”,0
3.5 8.0
6e3 4,43
JeB 4,9
J.7 8,0
3.1 5,0
4.2 &a?
be?2 4Le2
Ge? 8,7
38 4.6
3.7 5,0
4e?7 ba?
be? 442
4ol 4.5
7¢7 Re0

GRPNPS

n 1h0000

o1anno00N00

1000000 "
1 100
110000000 n

1n10a0101111000010100

100000100 1000000
1011011 10010101}
17000000 n

n 17000000
1111110111 111110117
10000000001000AN0NON
ImMmmimmmmnnn
101111001011001110000
11101000010 100110000
17001000 n
10000000 0
16000001000 1000000
0 101000000

1mmnimmimmninnim

10060000000 n
1000000000 n
1000000000 n

n 1000100

DR ARRRRRRRRRRRRRRR A

100nAN bl
n 10000
10100000000 n

116310110011117 100 100

PAGF R
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T1R
PR

224

c4g

NESroTeTne

DOTFNTIAL VFRTIrAL RISF (FRNM SWwFI LTNG ClaY)
AVR PI OF SUR~RASF MATL

THICKNFSS « |AYFR

AMNUNT OF STEEL

BERCEAT LANFE FT AF PUMT WITH FONTRACTTIAN CRACKS
TNYTIAL SFRVICEARILITY INDFY

CORY FNA cACH STARTLIZFN RAGF LayveR

WET BALL MILL OF CDARSE AGHREGRATES w LAYFR
TIMF IMTERVAL FNR CLEANTNG AND RFPATRING JOINTS
COUNTY

TOTAL EQUIV 18X STNGLE AXLE APPLIED T OATE
oFOrENT ToUrkS 1 2ADT

ARYGINAL PAVEMENT NEPTH ~ RFEVISED PUMT
NOSAGE RATE oF TYPE A& OR 0 ANMIXTHRE

NATF OF FACW MAJOR REPATW

TYPF 6F EaCW MaJNR REPAIR

GENFRAL DESrRIPTION OF CONSTRUCTIAN Jnn
MATFRIAL YYBE - LAYER

MCTSTURE TN LAYFR

WAS PONDING USED Th INITIAL ronsSTRusTIAN
NRATNAGE TYPF

PREAICTED TRAFFIC LCADNS (YR FQHTY)

1LOCATIN® ~F CCNCRFTFE FasSY RePaln AT & oY
RESTGA V0L UnF

COMCREYE wATER/CEMEMNT 0aTTn

CcOMNDITION OF ST1nNaLS

SPFCIFICATION TYF¥ USFER ?nn STAQT TyInn MATL
PLASTICTITY INDFY OF HORROW SMATERTAL

PEOJECT mry

TABLE F-1.

AVG

442
4e?2

"?

447
442
4,2
4.2

4.7

(Continued)

N

HANMGF
RLw @l
e Ba0
IR 4eb
P2e8 bR
2+h 5,0
PeT 8.t
345 Se0
be? 447
3+B  4eb
3R 4ab
3¢1 S0
bel 4.3
Peb B,0
he? 44?
b  be?
Ls? 442
402 447
3.9 4.5
3.1 4,8
ba? 4,2
be? 4.2
Teh RLD
P«8 R,.0
sk 4R
3¢t San
3.t Set
Ge? G447
Ge? 4,2
L4a?  bL.2?
1B L4

GROLIPS

1TranionntYiniinonin
1" n

| RRRARERRRRRRRLARRRED]
110000000 1annn1n

10000010 1HEDBOODN

tnoannt 1a0000
18000 0
innnig 100060
1n0anion 0

1001010 100010600

1oa6n100000 ]
IR R RERRRRRRARRR R A

inondooann n

10annnn n

slonnancoon
slannponnnn
1nanpononolonnonsonn
(BB R R RERRRRRRRRARSS
tnao 0

1 il

6 1i61nnto

1111117111 11111000 100
1 §
IA11N11A11111111 190

117111 1nnantiNanannon

1npanannnno [\]

1n n

1nnnannn n
1018000
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ITEM

3
419
465
e8p
174R
586
37
1117
£49
L
€36
65

8n

18777

DESCRIPTNR

FONCRETE CEMEAT FACTOR
NUMPFR OF LAYERS « HASF
AVG LL OF BASE MATL
PFRCERT OF RFINFORFEMENT

CRACK RATING

PERCENT OPTTMUM MOISTURE AFTFR PLACFMENT = LAYER

MIYTNG TIMF

TNTTIAL SKIN NUMRER

COMCRETE MENSTITY

TYPF OF MATFRTIAL USFD IN LONGYITUDTNAL JOTINTS
TEMPERATURE OF ASPHALT IN AcP MTX

LANF CODE - MAIN, SHOULBER, FRONTAGE, FTC
SWFLLING CLAY PQORAMILITY

PFRCENT CANTENT AF STARIL TZATION = RASF

ATHWLD (AVERAGF TEN HEAVIEST WwHFFt 1 0apS NAILY)

SURGRANE CLASSIFTCATION

COST OF IAITIAL PAVFMENT 6TRUCTURF/<0 YN
REPCEAT BUSFS TN AADT

INTTIAL ART

TYPF OF EACH REHARILITATINAN

PERCENT LANF M1 OF PVMT WITH DUMPTNA S| ARS
SPALLING clayEy EACH TWn yEaADE - ~OMC AYT
COMCRETE ~wODULIIS OF ELASTICTTY

TRAFFIC CANTRCL NEVICES

NATF OF ORSFAVATTIAN OF FIRST SURFACF FAILURE
WETHOR OF COMPACTTINN OF FMRAMKMENT

FAD OF DFSIGN PFRION APT .

DEPCENT LANF M1 OF PVMT WITH RUTTINA

TYRF 0OF RASF

TABLE F-1.

avG

(Continued)

N

21

RANGF
RLW RHI
2¢8 5,0
3.0 S.0
3.3 4,8
3.5 8,0
2.0 5,0
4e? 4,2
3.3 5,0
3¢l 4,7
4e1 4l
3.R 4,5
3.9 4,7
?¢9 SN0
3.0 5.0
34 4,9
Pe5 8,n
2.9 65,0
4e] 4,1
3.5 4.8
3«3 5,0
3.5 4,R
34 4,9
4.1 &)
3¢7 4.5
4o 4ol
beh 0,5
Feb 4.6
4e1 4]
Pe9 449
3e) S0

GROHPS

110010000101101010000
1017100110111 0101 100
110000011 110000

101000010101000100001

110000011 100000
1000000 0
1000010 n

10000001 100000
(4] 1
1n n

10n10nnnon10onnnnnN1n0
10010001000 1000NANYYY
n 1n01n001N
110061000101 1110004
nimuamniniiilinn
10100100110 1NYTNTINNND
1 0

1000 1
11111000011100010000
10nn .100000
1n00n0NAN 1ONNNAONNAD
1annnnnn n
innnnnn

10n0001NNG

n1ANANNON0o

1000108010 n
10010000000 n
1000 n

18000000 10NYNONANN

IRRRARARERERRRREERR AN
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1TFM
14n
247

Qz2?
#5>
264
«2?

£28

TABLE F-1.

NFSCRIPTOR AVG

PRFPICTED PaAvEMFNTY LIFF 4q1
PERCENT CONTENT OF STARILIZATION - SURGRANE 4yl
IS SUAGRARE SOTL PFRVINUS On 1TMPFRVIONS 4ol
TYPF OF ASPMALT RINPER 4ol
INFETIFICATION NF SUPPLIFR « AGGRFGATE (INTERMEDTATF) 4ol
NATF OF ARY 44
CRACK WIDTH 4ol
TYRF OF BASF MATFRTAL = SHOOLNER 4l
STRENGTH CLASSIFICATION OF FACH LAYFR 4ol
20 YEAR PROJECTFD ADT (N=10y 4o
TYPF OF ASPMALT USFED FOR SURFACE TRFATMENMT LTR!
Ave P OF BasE mMaTL be1
NYNMAFLECTY DFFLECTION = FA 0,7 MI, BY ANNUALLY LT
ANNUAL MATNTY COST OF TRAFFIr (ANFS RASE/LANE SILF &41
DAYF 0F SFAVICFARTLITY TMnFY DATING 4.1
AGGREGAYE TypE 4.1
NESIGN LOAD XY
MAXTMUM WEIGHT OF OVERLOAD 4,1
COMPRFSSTUE STRFNGTH « STARY| 12FN SIAGRANE 41
nEAINAGE sDFQUarY L
ANNUAL TNEPECTIAN DFSCRIBYIAM 441
TRYAXTAL rLASS NF FOUNNATION COHREFR 441
8 PERFENTILF SPFER 4.1
TYPE OF RASE MATERTAL = TRAFFIC LANF 441
TERPERATURE NHURING PAVING 4.1
NATF OF ANNUAL MATNTENACNF ¢nST 41
ORYSTCAl PUALTITIFS OF MATERYAI S = (AYER s
24cF THICKNFGS - SHOULDER 4ol
ASPWALT STARTLIZATION RASE o THICKNESS bl

(Continued)

N

14

RANGE
RLW  BHT
3¢ Rab
4ol  4e)
4el 401
4e) 4ol
U8 407
4s1 4}
2T 4.5
Aeé 449
Je5 4B
Feb 446
Peb G0
Fe2 4.9
322 5.0
342 Se0
3e4 S,0
P2« SB.0
1«R 5,08
4el 4
3eb 46
2¢9 5,0
PeT BL0
4el 4ol
bel bl
Tek 4.9
341 RO
Gel 441
A0l 449
Ped Suf
bel 4l

GROUPG

10101 1MnIn1I1 11NN

loonnonnon n
1haong o]
1000000 n

10 100
1000000000 n
11na0n00000 f
10101000010 1010

1000000100 1nn601
1000000110000/0000
10010000111001000000
11nnnanin Y1ntidannn
10nnn6nannn yonaonn
10 1an0000
1on0nnnyy ]
IBRRL AR ERERRRNERED!
101016001108 1Y100010
100000 n
10800000 1000AAANNA
11n1nnannln inana

I1annl1nanlilaniigng

1800000000 n
0 10000
101006001 1n

Tintonininnn
1nanoannann n
109011010 1noann
11101100010 1n1o1n

n !

PAGE 11

(Continued)

60¢



TTEM
R33

1952
1602

458G
75%
654
130
f87
1553
1640
160
938
£33
36
274
185

19}

TABLE F-1.

nEseatpYnp avgG

CcOST PFR YYDF OF acP [YS]
AWOUNT OF REPATRS FAUSFN RY SURGRADF Fali NRE 4,1
FIVF YFAR PROJFCOTED ADT 44,0
NATS OF EACH SURFACF MAINTENANCE bof
MATNTENANCE QST PER LANE MY, PFR YFAR 4,0
GRANATTION OF NMIXTURE FOR RAGKE 4ol
JOTAT SPALING = JOINTED CONFRETE PAVEMENT Gyt
“ATFRIAL FLASSTFICATION = LiYER 4o
TRICKNESS OF SHNAULNER SURFaArTMG )
AVERAGE S| UmP USEN IN CONC pVY G4
tNAN FREGUENCY NMESIGN FaCTOn 4o
cpeCIFICATION 1TEM USEr FNR arP 440
SHNULDER CONDITION « CRACKS &
SURGRANE STIFFNESS rOEFFTCIENTY L%
COST PFA AGGHEGATE YYRE anD 6GRANE FaR GEAL C0aTS 40
SURFACE ARGREGATE POLISH vA|IIF 4o
NATE OF QVERLAY MONSTRUCTION )
#aXTMUM FROSKT NFPTH 4.0
ACTUAL WHFE( LOANS AS RFCNHRNEN AY WFIGM In MOTION SCalF 4.0
TYPF OF FINISHING FQUIPMFNT “,0
ANLNT OF RFpAIDS F2USFN RY 2aSF FartLuef &0
FETIMATED avERAGE ANNUBL aDv 440
PRTMARY RepggON FOR OVERLavYING (NFVYE 0P COREY &ofy
ARMUAL TEMPERATHIRE RANGE 4o
ETARILTTY OF kmal )
COST PFR AGGREGATF TYRF AMD GRACFE FAR 24SPw SURF TREAT 4o
CURGRANE FRYETINN FalYNR )
CLASSTIFICATINN NF SUBRASF L,n
TYPE OF SLAAASE TREATMENT 4ot

(Continued)

N
1

3
2
10

21

RANGE
RLwWw RHT
4e) b))
3.7 4.6
3eb 4,5
3.1 5,0
Fe3 4,9
Ue? 48
32 S0
ol 4,0
2.7 5.0
341 8.0
4t ALY
3.5 R,
3+ 445
3.0 448
4ol 4.0
2+6 4,9
2e6 S0
a4 446
Gefl 4l
sk sk
PR R0
Febh  bab
el 4l
el &9
el &0
4ol 4.0
Gafl 40
4o 4l
ot 4.0

LenIPy
16000 n

alplelnoonn
n1nnnonoIng
1010111010110 00001
ISR RRRRRRERRARRRRR RN
110000011000 0Y00N0N
10110011000 Y0nNNNONN
100000 n
1110000810171 00010001 0
11116060110 1010Y00NN
A 100101000
1ann000010 18006
11060000000 )
10110000011 10Y]10000N
10000 ]
IRGLLARRLARRR R RRRARY

10111111011l 0n11 10010
100000101 1hONNANON
100 i
1000000 100000000
1iainannnlotnalnnlnn
16 161000010
1n0annnn n
110010100800000
1101010111111 0Y10001
10000 n
noyapAnnonn
n1annfnnnnon

n 100
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TTEwM
2195

58
433
£11
€y?
k13
E20
&21
26>
Chi
1

438

0%
LT
556
1718
1336
1337
769
1587
123n
121
1737
17233

NESCRIPTAR
PERCENT SUBRASE STAHILIZATIAN = SHOULNER

GRAPE SFPARaTION

PERCENT OF RASE STYARILIZATINM = SHONHLDER
TYBF RFTARDFR

TOFNTIFICATION NF SUPPLIFR -~ RETARDFR
NOSAGE RETARDER

COARSE AGRREGATE TYPE = CONCRETFE

FINE ARGREBATE « CONCRETE

STIFFNESS OF LAYFR

TYPE FNAT

TYPF OF SFAL USFN AT SHOULNFRS
TEMPERATURE oF AGGRFGATES Tth ACP m1Y

TYPF OF INTFRMENIATF AGGREGATF

AP LAR DFNSITY

ASPHALT GRANE = SFALS, PRIMES, rURING

| BROR COST o COMSTRUCTINK

PAVING TRAIN EQUIP (SPREANDFERwFINISHFR=FTC)
AVG DURATYON OF PLUS 90 DEGRFF PERTIADS
avG DURATION CF RELOW FRFEZING DFRIANS
AVFRAGF FROST HFAVE IN INCHESR

AVERAGE WFAyy TRIICK TRAFFIC NURINA THAW MYCLE
PERCENT DF THEORFTICAL CaPArITY - anNUaLLY
BaTF OF PFRCERT NF THENRFTIrAL rabarlry
FRASS-SLOBE TRANSITION RATFE

SHOLLDFR rONDITION = PAVEMEMT ENGF
PAVFMENT WEAVINA (FAILURFSG)

PAVEMEMT wFaylIna (RAVEL ING)

PAVFMFNT wEavING (ROUGH)

PayeMENT WFayvInG (SLICK)

TABLE F-1.

AVG
4o}

(Continued)

RANGE
N RLW  RuMY
1 helh 440
1 befl  4a
1 Golh  bal
1 boefh 4,0
1 Geft  Aold
1 e 440
1 Gafl 640
1 4efl 4,0
1 Lol LuWD
)] GeN 440
2 0 B0
1 6e0 4.0
1 4eh 440
1 4ol b4
] 4ol 4a0
1 Gef 440
1 6el 440
1 4afl 4.0
1 el 4,0
1 4ol 4D
1 Gell 44,0
1 420 4.0
1 Gl 4D
1 4ell 4,40
1 helh 44N
1 belt &40
1 ol 4,0
1 4alt 4a0
1 “af 4.0

BROHPS
1npnnan6an o
n 1
1060000000 0
1000600 n
100000 n
1060000 )
1000000000 n
1000000000 0
10600000000 n
annann d

noynonn0nld
1000000 0
n n

flo0ana0nn0on

nlnnnnnonon

n 1000

1000000 n
1nnnonn n
1006000 n

1 o

190nnn 4
1000000000 f
Inannonann n
1nonnn 0
1nnonnnonn n
n 14

n 10

4] 10

n 1

PARF 13

(Continued)

11¢



1TEM
1259

1111
4Tn

%79

£99
713

[ L2

1880
524
268

1168
433
575

61
244

134

TABLE F-1.

DESCRIBTIOR AVG
FRICTION FACTOR FOR WET PaVFMFNT 4yt
SKNUAL SKTD RESTSTANCE PROFYLF 4ot
PORNSTTY = AASF 4.0
RWFLLING CLAY PARAMFTER 4.0
MEAN ACTUAL ROAN NENSITY = {aYER 600
PERCERT WATER IN ASPHALTIC cOMCQETF MIX “s0
TYPE OF RFPATRS REGUIREN 6,0
PEQCENT ASPHALT (RY WEIGHT AF AGGREGATF) 4.0
TYPF OF SURGRANF PREPARATIOM 4,0
TYPF CF DETERIORATION (ORSEQVFD FVERY & MONTHS) 44D
LOW DATLY TFMPERATURE NURING CONSTRICTION 4.0
LAYER TRIsXIAL CLASSIFICATINN 4,0
PERCENT LANE M1 OF PYMT WITH aALLTSATOR CRACKS 4,0
PFRAENT LIME FOR RASE STARI|JZATINN 440
TYPE CF LONGITUNINAL JOINT - rONCOEYE PAVFMENT 4.0
NUMAER OF LANFS 4.0
TYPF OF STABILIZ7ATION = SUBaRADF 3.9
SPFCIFTICATION TYEM USED FOR SUBGRADF CREPARATION 3.9
SPECTIAL LANES FNR MASS TRANGTTY 3.9
NESIGR RUNOFFS 1w SIDE ROAD DITCHFS 3.9
ASDWALT TYPE 3.9
BAEVA| FNT nT1STRFRS YYRFS .0
PREPICTED LIFE NF PAVEMFNT glinFare 3,9
WUMEER OF TRANSUFASE CRACKS AT NEfIgInn Tn OVFRLAY 3.9
MAXTMUM TATAL Lnan 3.9
AYERLAY TYRF 3.9
RATE OF ACDMALTY UISED FAR guotacr TREATMENT (GAL/ZS.Y,.) 3.9
TRYAXTAL TLASS OF RNORRNW MATFRYIA 3,9
{ ANF TOAFFIC DISTRIWUTION  (PEFROFAT) 3.9

(Continued)

N
1
9

14

14

21
19

1

1

RANMGF
RLW Rel
Gefl 440
249 B0
Gl G0
3.0 4,7
3e2 4.8
a7 Gub
P+5 8.0
Teh 4.9
P23 4.8
2o Ryp
b 440
3.2 4,5
2+8 4.6
P¢9 5.0
3e?2 4,8
3.5 4,8
2«7 S.0
JeT 4
3.9 3.9
e 3,9
7e¢B B.0
1.6 K.
1,8 4,2
3.9 1,9
2+9 R.0
2.5 8,0
Pef BN
3+9 1.9
a0t 4B

GROUPS
o 18
11A0010111001100001
1 n
joonno0n0111100000000
1000100100 10000
1010000 10
10010011 111100100
111110101112 101100010
1011010111117 01101n

1000011010 110000000

1001000000 n
1111080111 10130010
10010000000 108000
10n10006000 0
1110000010 1000001

1mmnniimunnim
RN RRRRERRRRRRRLARE ]
16 1onni0o0n
100000000 0
10000300 n
11110000111110160631 210

11aan0nnnan 100000001

100008000  1nnn1non
10060009 b
lao0iionnyilinnlaln
111101801 A1ANYINY 601
In1nlinnryionnonnllo
1nonnnon n

11ninonioln 1710001
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7
&9
£50
154
%
487
916
«B>
1798
e
17461
1201
3

441

TABLE F-1.

NESCRIPTOR AVG
QATFS OF aAPPLICATINN 3.9
NYNAFLFCT DEFLFrTION (SURFArF) 3.9
ACP PAVING NESTGN 3.9
PLASTIC LIMYIT Or RASE MATERTAL 3.9
CRACK SPACING PATTERN «SaMPiFa. UNTFARMYITY AND SPACING 3.9
AGGPEGATE GRACFE 3.9
YIFILO STRFENGTH LONGITUNTINAL STEEL 3.9
ILOCATIONS WITR Twa OR MORE arCINFate pFR YEA&R 3.9
RASE SYIFFNESS FrOFFFICIENT ~ TRAFFIr | aANF 3.9
REPTH nF ~lycH AFLOw SUBGRANF (HUTSTIDES 3.9
FREQUENCY OF LOANS EXCFEDINA £0.,0n0 349
RATF OF ACGREGAYF USED FOR SURFACF YREATMENT 3.9
ROUGHNESS MEASUREMENT « AVG OF FA PROJECT=ANNUALLY 3.9
SURGRANE TYRANSVFRSE SLOPF 3.9
YLLUMIMATION 3.9
TYDF OF FOUNDATTON MATERTAL SYART| 17ATYON 3.9
TRANSVFRSF SYEEI TYPE 3.9
TYPF OF CnARSE aGGREGATE 3.9
PERCENT CARS IN aANDT 1.9
WinTH OF cURpASF 3.9
STARILITY OF SUGFACFE 3,9
SPFCIAL COANSTRUCTION MFTHMANS USED 3.9
GRADATION OF SURFaCE 3.9
AMOUNT OF RUTTING 3.9
EKTIr RFSTRTANCF PROFILF AFTER FTIRQT YFAR 3.9
CSUPFACF CIRYATURF T&DEYX - acP 3,9
PUMBIRG (PERCENT OF LENGTH) 3.9
NATE QPENFD TC TRAFFIC 3.9
PERCEAT =~4n MESH MATERTAL v RASF 3.9

(Continued)

b

b I

HANTSE
LW RHI
301  4W9
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TABLE F~-1.

DFSeRIPTAR ave
NENSITY OF SUBGRANE MATERTAL AT cANSTRUCTION 3.9
PERCENT LANE My OF PVMT W1Ty REFLFCTION CRACKS 3.9
CONCRETE PVT DFSIGN MIX 1.9
SURBASFE SOILﬂTYDF 3.9
AMOUNT OF REPATRS CAUSED AY SHRFANE FATLIRES 3.9
ANNUAL MAINT COST OF TRAFFI- LANES SURFACF/LANE MILE 3.9
CURING TIME = CNNCRETE PAVEMFMY 3.9
TEOSILE STRENGTH = STABILIZFED BaASF 3,9
DERCENT TANDEM AX[FS IN ATHWLD 3,9
SUMBER OF LavERS = SHOULODERS 3.9
FLFYXURAL €TRFNGTH « LAYER 31,9
NIKTANCE FROM C/L NEW YO C/1 ORIG -« REVIGFD PYMT 1,9
MONTH aNf} YFAR OF CONSTRUCTINM « 1 AVER 3.9
NPERATIONAL COST 3.9
SEASONAL TRAFFIC USE (SUCH AS GRATN HAULTNG) 3.8
ABSNRETION DFRCFNT OF RASE 3.8
LANE TERMINATION MFTHOO 3.R
TYpr OF VIBRATOR USED 3.8
TYPF OF FACTLITY (URBAN ~ Rnmai) 3.8
PasSING STGHT DISTANCE 3.8
RATF OF EaCH REMARTLITATION FVFNT 3,R
CORFSTOMETER TESY QFSULTS 3.8
PEQCENT m,nnxMM Th ~4n MATL NF RASE LaAYFP 3.8
RATF OF SWELL (FROM SWFLLTING LAY SURGRADF) 3.8
STIFFAFSS COFFFICIFNT = { AYFR 3.8
TRAVELWAY WINTH 3.8
COMPACTION RATIO - SURGéanE 3.R
AVG LL OF SUR~RASE MATL 3.R
ANNLAL MATNT CNET NOF MFENTAN PARAYCR M1 F 3F.R
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TABLE F-1.

DFSERTIPTOR
STABILTZATION TYPE = [AYFR
PERCENT LANE M1 OF PVMT WITwW RANDNM CRACKTING
IDFANTIFICATION OF SUPPLTER - AGGBRFGATE (FINE)
FOUNDATION MATFRIAL TYPE
LAME w10TK
SHOULNER MATFRIALS
SURGRANFE RENSITY CONTROLLED (YFRanO)
FLFX BASE = DEPTH
MIX AIR VOIDS
CURTNG TINE OF PRIME COAT
RAGE MODULUS
FRFQUENCY OF RATNFALL
SUPVEY NF ACTUAL GROSS VFCHILE WTS o FM HWYS
SERVICFARTLITY TNDEX AFTER FaACH $FA) coA+
MAXTMUM LTQUID LIMIT = RASE
CCMPACTTON RATIO - BORANW MATFRTAL
PERCENT LANE M1 OF PVMT WITK NTAGONAL rRACKING
NESTGN VERICLE TYPF
NATE OF SKOULDER CONSTRUCTINNM
RATF OF APP ICATION FOR SURRASE MATFRTAL STABILIZER
AVFRAGF rAF o CONCRETE PAyFMFMT
NESTGA SPFEN
SUPFACF RUNOFF aDEQUACY
SURFACE TFXTURE NF FONCRETF pVvT
NEMSITY OF SYUBGRANF MATERTA| YEARI Y
HTIGH NATLY TFEMPERATHRE NDURTMA CONSTOUCTINN
PENSITY OF RASF MATFRIAL ‘
TYPFE OF MATERTAl 4SFD TN COMTRACTTION JOTNMTS

TYPF OF SHOULDER SURFAFTNG

AVG
2,R
3.n
3.R

3.8
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2.9 4,R
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TABLE F-1.

RESCRTPTNR AVG
NUMRER OF LayEns 3.8
ACCIDENT FREDUENCY 3.8
&KIMN RESISTANCE MWISTORY 3.8
CEQNENCE nF L AYEREM CONSTRU~TION 3.7
1R KIP FAnlv, (n=10) 3.7
AMAOUNY OF STaBII_1ZER « LaYEP 3.7
NATF OF SKID RESTISTANCF MEASIHREMENT 3.7
FOURDATION THICKNESS 3,7
TENSILE STRENGTH - {AYEDR 3.7
FREEZFE«-THAW SOIINDNESS OF SURFACF AGRREGATFS 3.7
CONDITION OF JOINTS ON JOINT CONC PUMY (SURJECTIVE RATE) 3.7
AXLF LOAD TNFORMATIONS 3.7
SURGRADE x yaALUF 3,7
CURING TIME OF FacH LAYER 3.7
COMPRESSTYE STRFMGTH (UNCONFINER) = STARYLIZED RASE 3.7
NEPTH OF €011 MNISTURE CHANGE 3.7
AVG Pl OF SUBGRANE MATL 3.7
SIFVE ANALYSTIS OF AGGRFGATE FOR CNANr PYT 3.7
TYPF OF SFAL CnaT USED 3.7
PAVED SHOULDER wierTH 3.7
VOLUMF OF ATR (PFRCFNT) 3.7
CERCENTY LANF M1 OF PVMY WITW TRANSVFERSE (RACKING 3.7
SPFCIFTCATIAN TTFM USEP FAR RaSF 3.7
rATE RASE PLACED 3.7
FONCRETE FLANT LOCATION 3.7
ASPHALY CONCRETF aRRITYIVFS 3.7
1LENGTH OF SFGMFNT 3.7
NEPTH NF COVER NFERFQD .7
PREVIOUS <OIL TFST IN VIrINTTY 3.7
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TABLE F-1,

DESCaTPTAR AVG
ASPHALT RATFE = SEALSy PRIMER, OR rURING 3.7
C€TANDARD PEVIATTIGN OF ACTUA| ROAD DNENSTTY = LAYER 3.7
cORE THICKNFSS OF PAVEMENT 3.7
SURGRADE SOTL CONSTANTS 3.7
RECORD OF APPROVFD OVERLOADS 3.7
PAVFMENT { AYFR TYPF 3.7
AVERAGE NUMBFR nF WET FREFZF THAW CYCLES PER YEAR 3.7
ANNMUAL TEYTURE NEPTH PROFILF 3.7
c0ST OF SURFACE/LANE MILE 3.7
NENSITY = LAYER 3,7
TOTAL RAINFALL PER MONTH (IMCHES) BY COUNTY 3.7
i AYER NUMRER 3,7
fOST OF BASE/SQ. YN, 3.7
20 YEAR PROJECTFD aADT (DISTAlcT ESTIMATE) 3.7
0TI PROFY(.F WITH SOIL CLASSTFICATIANS 3.7
FXPANSTON JOINT SPACING = CONCRFTF PAVFMENT 3.7
PAVFMENT CROSS SLOPF 3,7
rOST OF EACH REPAIR 3.7
AVG LL OF SUBRGRANE MAT( 3.7
PEPCENT LTME FNR SUBGRANE STARI{ I17AaTTON 3.7
FRFOUENCY OF BLOW-UPS 3.7
SK TN NUMRFR OF SURFACE « ANNUALLY 3.7
NUMRER CF WHFEL LOADS PER MANTH GT 14,900 LBS 3.6
AVEPAGE NUMBER OF FREE7ZE-THAW CYCI E€ PFR YEAR 3.6
TYPE NF RFINFORFFEMENT 3.6
LeAe ARRASION FOR COARSF AGRPFGATF 3.6
NATE OF LAST MA IOR REHAATLITATINN 3.4
£0ST OF RASE/TAN 3.6
PEPCENT OF AyFRI NANS 3.6

(Continued)
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TABLE F~-1.

DESCRIPTNR
NEFLECTION « YEAR

LEYFLaUP BATF

PRESENT SFRVICFARILITY INDFy

STArDARD PEVIATION = SURFACFE cURVATURF INDEX
AATE OF STARTING WORK

PRESSURE SLAKING YaALUF OF SyNTHETIC COURSF AGGREBGATE
€0YL SUPPART VALUF = TRIAX1alL CLASS

RAGF WIDTW

PAVEMENT RATING SCORE - PROJFCT 181

1 16UID LIVMIT OF RORRCW MATEoTYAL

1AkSA FUTURF 2nYR NFSIGN PERIND

AUTEIRE SHOULDF® wInTH

GROUND WATER TaRLE LEVFL

PERCENT LANE MI OF PVMT wlTw RANNDOM LONGTTUDINAL CRACKS
OPTTMUM MCISTURF DENSITY BY 1AYFRS

eFAlL COAT CosT/sn. YD,

CURTING METHOD = CONCREYE PAVEMENT

NRATNAGE CONDITTIONS

TYPE TTE ®AR STFFL

PAVFMENT BOROSTTY

NEPTH OF SURRASF

LATEST SKTD NUMRFR PER LANE FACH & MT

TIME ELAPCE RETWEEN EAQTHWORK AND PAVING
SURRASE WINTH « SHOULDER

DRTGINAL PENETRATION OF ASPWALT

FETIMATED MIn TYME UNTTL NEXYT OVFOLAY

TYPF OF ACPHALT CONC PLACEMFNT EQUIPMENT
RASF wIDTk o SHALNER

FONCRFTE PAVIRG METHOD (SLIP FORM DR FIXEN FORM

AVG
3.6

3.k
3.6
3.6
3.5
3.6
3.6
3.6
3.6

3.6

(Continued)
RANGF
N RiLw  RHI
T Pl 4,9
1 T a6
11 1R &,0
2 28 Al
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2 .4 3.8
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1 3.6 3.6
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3 2.7 &b
2 203 4.9
2 3e3 4.0
7 19 4.9
18 Peb 4,5
2 3¢2 4D
1 Jeb 3.6
4 2R 4.1
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TABLE F-1,

DESCRIPTNR AVG
PASF STREMNGTH 3.5
BVFRAGE SkIn NUMBER (PER CONST JOR) 3¢t
SPFCIFICATION TTEM USED FOR SURRAGE MATFRIAL 3.6
LONGITHRTINAL STEEL TYPF 3.6
TFMSILF STRENGTH RANGES « CANCRFTF 3.4
PERCENT OF CEMFNT IN STARLIZEDN Rasf 3.6
TYPF OF CONCRETF PLACER 3.6
VATFRTAL TYPE FOR LANE EDGF LATFRaL SypPORT Jeb
TYPF OF EACH MATNTENANCE EVENT I.h
PEPLENT =200 SCREENINGS IN are MIX 3.6
LENGTH OF HayL .6
PLASTIC LYMIT OF SURGRADF 3.6
AGGREGATE RATE « SEALSs PRIMES, OR rURING 3.6
COMPRESSIANTENSILF STRENGTH RATIO - LaAYER A
LEVEL =P THYIRKNFSS 3.6
CO8T OF SWOULDERS/SA YN 1.6
TOFNTIFICATION OF SUPPLIER » RAKE MaTFRIAL 3.6
LEVFL OfF SERVICE 3.6
TYPE NF EACH SURFACE MAINTENAMCE 3.8
FINF &GGRFGATE FACTOR 3.5
TYRF OF ASPHALY COMPACTION fFOUTOMENT 3.%
TYPF OF MINERAL FILLER 3.5
NORMAL TOTAL PFRCIPITATION £OR PFOINAD NEC THRY MAY 3.5
PRICE INDFX (INFLATION FACTAR) AY MANTK 3.5
WHFFL | AP 3.5
NIRFCTIONAL TRAFFIC DISTRIRITYION (PFRCFNT) 3.5
INTTIAL CoOST OF CONSTRUCTION 3.5
SEAL COAT COST/LANE MILF 3.5
TYPF OF SKOULCFR 3.5

(Continued)
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RANGF

BLY RHI
Pe6 4,49
2e3 49
2.9 4,2
6 346
PeR 4,4
267 5.0
2eR 444
?e7 5a0
Yot 5,0
142 8.0
3.1 4,0
2¢6 4,9
PeT 4,1
Jeb 2.6
38 .6
Yeb .6
2ot 4,7
21 4.0
3e2 3.9
2.1 5.0
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Je3  1,R
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2R 4.9
Pe7 BN
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TTEM
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R16
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246
R12
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435
102
a7

TABLE F-1.

NFSCRTPTOR AVG
ANTICIPATFN TRAFFIC GENERATION (IMMEDRTATF) 3,5
PATF SURFACF COURSE PLACFD 3.5
1.0AD TRANSFER. FACTOR 3,5
SURPASF €OAST/C,Y. 3.5
TATTIAL SHURFACE TEXTURF INDFX NUMREPR 3.5
€KTN NUMRFR OF SURFACE - SEMT=ANNUA|LY 3,5
FREQUENCY OF REPAIR 3.5
TYPF VIBRATION 3.5
DATE OF LAST SEA{ COAT 3.5
AvVG PY OF EACH LAYER 3,5
PRFMOMINANT GEOLOGI~ FORMATYION 3.5
ANNLAL RINING QUALITY OF PAVFMENT (mMAYS RNAD METER) 3.5
CULVERT WTIDTHS 3.5
ASPHALT GRADE 3,5
FOMGITUNINAL CRACKING (LENGTH) 3.5
QURRASE STABILIZATION TYPE < SHAUI DFR 3.5
SPALLING (PFRCFNT OF CRACK) 3.5
ASPHALT TYPE = SEALSsPRIMFS,CURTNG 3.5
QUALITY OF MAINTENANCE 3.5
FOST OF OVERLAY/LANE MILF 3.5
POPULATION OF ARFA 3,5
FO0ST OF SFAL COATS 3.5
€N0ST OF SI'RRASF/LANE MILF 3.5
MAX TMUM MOLDED AGGREGATE DENSTITY 3.5
VERTICAL ALIGNMFNT 3.5
TYPF OF LaST MAJOR REHAR(L!TAYInN 3.5
RASE MATERTIAL 3.5
VUNPAVED SHOULDFR WINTH 3.5
STATEMFNT OF PRORLFMS NIRING CONSTRIICTTON 3.5

(Continued)

WANGF
RLW AHT
3.1 4.0
2+1 4.5
2.2 4.9
3e3 3.7
.5 3.5
3.5 3.5
3¢1 4.0
2¢9 4,3
Peb 449
3,5 3,5
Peld 4.6
?e¢3 5,0
2«3 4,5
Pe2 4,9
261 4o
3¢5 13,5
el 4,2
3.2 3.9
3.5 3.5
2¢7 440
3¢5 1,5
3.6 1.5
2.2 445
3¢5 3.5
11 5.0
2e 6.0
2.5 65,0
2.9 4.1
Pebh 4.0
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I1TEM
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1ng
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£24
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€69
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TABLE F-1.

DFSERIPTAR AVG
NESTGN DEANSTTY -« aACP 3.5
RAMP LFNGTH 3.5
TYPF OF SURFACE TREATMENT EaCH LAYER 3.5
TOTAL COST OF SPECIAL MAINTFNANGE Tn DATF 3.5
HUMIDITY NURING PAaVING 3.5
TOTAL HOURS OF RAINFALL PFR MONTH BY COUNTY 3.5
TOTAL TRAFFIC Tn naTE 3,5
LINK OF LAG MILFPOST TO PLANS STATIAN NUMBER 3.5
MAXTMUM STZE AGGREGATE = CONCRETE 3.5
VARTANCE TN SECTION FROM ORTGINAL CANDITTON 3,5
AVFRAGE CRACK RPATTERN = CRCPR 3.5
AVFRAGE CRACK WIDTH ON STANNPARD TFMPERATIIRE BASE = CRCP 3.5
AGGREGATE TYPE = SEALS. PRIMFS, CURYNG. 3,5
TRAFFIC LcaDn 3.5
MONTHLY RAINFALL NURING CONQTRUATTON 3.5
FOUADATION COURSF WIDTH = SHOULNER 3.5
ARTATANAL SHOULDER NEPTH = RFEVISFD PVMT 3.5
NATE OF T+SPECTTON 3.5
FONDITION OF SURFACE 3.5
CONCRETE WATER FAQTOR 3.5
STFEL PLACEMENT (HAND OR MACHINF) 3,5
LOAD [MPACT FEATURES OF AL TGNMENT 3,5
AGGREGATE GRADF =~ SEALS, PRIMFS, rURING 3.5
TYPE OF CCNTRACTION JOINT « CNNCRFTF PAVFMENT 3.5
CLASS OF JOINT SFALING MATL « CONF PVMT 3.5
fOST OF RASF PREPARATION/LANF MTLF 3.5
FRFQUENCY OF FLIISHTNG 3.5
TYPF OF CFMFNT = CONCRFTE PaVFMFNT 3.5
FRFAUENCY OF ENIITPMENT RRFAKNOWNS 1.5

(Continued)
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ro0n0m n
lonnonoo0o0n n
1000000000 0

n 100000

n 1000000
10000000110 n
1001000010 y0ONNANDNN
n 110Y00000

1n00nnnONNYNNTIAONNNNADND

1n n
1001000010 n
110011000 10111010

1000000000 YOANANNNN
11110008010 100NYINNTY

10 Yy0NDNNOOO0
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TYEM
1747

agh
a%546
io3
€18

(3.7

QAN

2%

454
1heY
194
Yy

9n

TABLE F'— lo

NESCRIPTAR AVG
YEARLY ADT 3.5
TOFNTIFICATION NF SUPPLIER « AGGRFGATE (CNARSF) 3.5
NFNSE NENMSTTY (PN) - SURGRANF 3.4
ORYIGINAL SHOULNFR WINTHS - oFvISEn ovuT 3.4
SOURCFE OF WATER USFD IN CONCRFTF DAVFMENT 3.4
TYPE OF JAINT = CONCRETE PAVEMENT 3.4
COST OF OVERLAY PER SQ. YD« 3.4
MAXIMUM STZF AGGREGATE = ASPH CONC 3.4
PERCENT ¢4 NESH AGGREGATF « ASPH ~OMC 3.4
BERCEAT +20 MESH AGGREGATE -~ ASPH CNNC 3.4
BERrgAT +20n MrSH AGORFGATE « ASPH CONC 3eb
NATURAL Solp PROFILE P,.l1.,NDFPTH, aNP LNCATION 3.4
SURGRADE S0OTL STRENGTH (IN 0SUAL NR WEAKFST CONDITION) 3.4
MAXTHMUM TFMDERATURE OIFFERENTTAL = NURING WINTER 3.4
HARNNFSS AF AGGREGATE FOR Cnn. PVT 3.4
WUMTDITY RANGE 3.4
SEMT=ANNUAL SERVICEABI; ITY TANEX 2ATING 3.6
AVFRAGF WFIGHT 0F TRUCK TRAFFIC 3.4
nowFL SPACING 3.4
PERCEAT ASPHALT TA ACP 3.4
CONRITION OF STRIPING 3.4
SERVICEABTLITY INOFX « RY AmMIALLY 3.4
LIFF SHNT AND RACK PER SHnT 3.8
MAXIMUM STZF AGGREGATE = RAGF de4
RAGF STIFENESS COFFFICIFNT » &HOU DFR 3.4
SeRCERT GROWTH ahT (YEARLY) Y
REPTH OF FITek 3.4
BATIO OF wATFRTALS FOR HASE 3.4
RRTIOGE WirTw .6

(Continued)
RANGF
N aLw ANl
2 T 3.9
& PeR 4,3
& 3.0 4,5
1 346 1.6
3 2¢3 S0
9 Tefi 6.8
3 2¢H Gl
1 04 3.4
1 Jes 34
1 3e4 44
1 3.4 3,8
1 Jeh 3.4
3 342 37
2 3.6 3.4
2 PeR 4e0
1 3e4 3.4
1 3e4 3.4
2 3.0 38
3 2.0 4.7
1 3e4 2.8
1 Ted  Aeh
1 Tl A4
1 Teb 4
1 3.6 .4
1 Jeb b
1 1.4 Ak
A 1ab 4,7
2 Peb 8.2
5 Zebd &aS

AROUPS

16
1011000010
1116000000
1600000000
1an1000010

10111011000
1100000001
1o0n00000n
1000000000
1000000000
1000000060

10000000000

101001000

1
101080000
1
o
n

101010000

(4]

nlonrnhoonnn

1nonnnon 1
100000 0
NLOBNOBONOO

n 1100
11001000000 0
100060000 0
16000600000 )
100000000 d
] 1
1800000000 o
100000000 o
n 100060
1111010100 Y00 0O00ND
ILLLGL LI inann
1ANINONNN 10NN BNG

PAGE 74
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17TEM
498

126

8>

CLY
€97
20?
T34
496
96a
cR7

An

LY
475
767
165

298

R03
219
1267
766

r9R

TABLE F-1.

DFSCRTPTNR AVG
COMCREYE RATE OF PLACEMENTY 3.4
TYPF OF SECTION (CUT4FTLL,y NR GRANE) 3.4
LOCATION OF cURRS 3.6
AMAUNT OF CRACKING 3.4
METHOD OF COMPACTION - BASGE 3.6
NENSITY = EMBANKMENT 344
HYDPRAULIC DESIGM FREQUENCY (RY CULVFRYS AND BRIDGES) 3.4
CRASSFALL OF Rnah 3,4
CLASSIFICATION NF HIGHWAY (FAYsFAPFASLETC) 3.4
MONMTHLY AVERAGF RAINFALL J.4
TYPE OF STEEL 3.4
NITAH HYDRAULIPCS 3.3
GENMETRI- DESCRIPTION OF cRNSS SFATTON 3.3
FORMED OR FORMLFSS PLACEMENT « CONCRETF PVMT 3.3
SFASONAL AVERAGE RAINFALL 3.3
NEPTH 0OF DREINFNRFEMENT 3.3
VENTAN WINTH 3,3
SUPFR nF rURVES 3,3
WInTH OF eURGRANF STARILIZATION 3.3
SPFCIFICATION 1TFM USED FOR SURFAFE TREATMENT 3.3
TRAFFIC MADFL USFN EACH OVERLAY 3.3
SURGRARE REARING VALUE (WESTFRGAARD K) 3.3
MAXTMUM STZF AGAREGATE - StiaRaSF 3.3
STAGE CONSTRUCTTNN INFORMATTAN 3.3
fOST OF SHOULDERS/MILE 3.3
PERCENT OF OPTTIMUIM MOISTURF Ta FMaanKMENT WhEn RUILT 3.3
MUMRER OF ACCINFNTS PER YFAP | AST FIVE YFARS 3,3
AVFPAGF TTMF DFLAY PER CAR 3.3
AVATLAATLITY OF MATFRYALS 3.3

(Continued)

r4

11

N N

RANMGF
RLW RHI
3.0 3.7
26 4,2
1¢2 S0
3.0 13,8
3¢ 3.8
Pe? 4.8
20?2 445
Jeb 3.4
100 447
3.0 3.8
led 440
261 4,6
2+8 3.9
1«8 4.8
2¢1 4,0
2.8 3,8
2¢6 5,0
19 4,7
2.8 4,5
3e¢1 3.5
eI 3.3
2eR 13,8
3.3 3.3
?e1 S0
3.3 3,3
2.6 441
2.9 3.7
3.3 3.3
2eb6 4,0

GROVPS
1an0p000000 1000ANNNNO

1001001001101 00N010

11110110000 1101101 0]

1000000000 1onooN0
10010000000 0
10100000000 o

100000000 100AANOND
10n 0
11111110001 101100

100000010 100111010
10011000010 jooon
10100000000 n

0 1n1n0000

110 100000100

110000 10100000
110000000 0
10101100101100110100

100000 100000000

11000000001 1000000
1000000010 i}
10000000 i}
1000100 i}
1n0nn0nn0on n

1001111100000 0

0 1nnang
1111008000 n
10000000001 00NAON0ON0N
N 1nanannn

1108000100111 1000000N

PAGF 2§

(Continued)

£ce



TTEM
113
el

K3k
247
19

1799

LYY
261
466
364
5%
1803

R3?

292
57
426
904
921
786
kR4
12?
1749
1242

45n

DESCPIPTOR
TYPF STABTLIZINA AGENT = FArH SHOuLNER LAYER

ANMUAL MATNT COST OF MEDTAN/MILF
INENTIFICATION. NF SUPPLLIER = MATFRTALS
NUMRER OF INTERRUPTIONS

REASON FOR INTERRRUPTINNS

TABLE F-1.

CONCRETE MIXING METHOD (DUAI DRUM 0p CENTRAL PLANT)

TRICKNESS OF SURFACE TREATMENT EACH LAYER
LOCATION 0F CROSSOVERS

RATNFALL HISTORY

COMPACTION EFFORY ON SURBGRANE

COST OF CONC PVY REPAIRS PER L ANE MTILE

TYPF OF FLEXURAL STRENGTH TFST

PERCENT MOISTURE OF BASE AT TIME NF LAYING
ANNUAL AVFRAGE RAINFALL

LONSE NENSITYY (nLY = SURBGRANF

TEM YEAR SPROJECTED 20T

c0ST OF AGPHALT FOR ACP

COST OF AGGREGATE FOR aCP

| AYER SOTL CONSTANTS

CONCRETE COWMPRESSIVE STRFNGTH

RASE TREATMeNT

YDFNTY?ICAT;QN 0F SUPPLIFR - SURRASF MATFRIAL
GENFRAL WEATHER CONDITIOM AT TIMF OF PLACFMENT
NATE OF LAST QVFRLAY

MAXTMUM GRADF

ACTUAL NDERSTITY (NA) =~ RORROW MATFOTAL

NATE OF PFReEENT TAUCKS DATA

eXISTING MOISTURE CONTENT OF SURGRANE =SAMPLE- FA 6 MOS

CURTNG OF BasE

(Continued)

AVG
3.3

3.3
3.3
3.3
3.1
3.3
3,2
3.3
3,3
3.3
3.3
3.3

N

RANGF
RLW RHT
3.3 13,3
3.3 3,3
2+7 3.9
33 3.3
3.3 3.3
340 3.6
3.3 13,3
33 3.3
3:3 3.3
2e? 4.9
2.9 3,7
343 3.3
33 3.3
126 4.3
322 3.4
2«3 4.5
3:3 3.3
I+3 3.3
1s6 4,2
2.2 Sal
2:3 4,3
3.1 3.5
2e6 4.0
Pag 4,0
2eb 447
Fe3 33
343 3,3
1eh 449
2ol Lok

GRAUPS
nlnnnnnoonn

10 n

1000 10000
1000000 0
1600000 n
1001000000 ¢
1000000 [

0 1n0n0NON
10000000000 n
10011101000 100001010

10000000 100000
10060000000 o
0 1000000

HmmmmmImmnMiInmnn

100100006000 n
10000010000 100
)] 0
1 n

101061060010000
1110006000 1
101016000101 0001000

lanneoonon 1annann
1inlanen 1nnonnnt o
10y 10N0OADDOD

10010800810 1110000000

Inononon o
taannnnnng b
1nanapntn n
1an100n 1

DAGF 24
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I1TEM
%6

62
1589
79>
758
1728
227
40
96
&Tn
04
€94
754
AZR
52

98

s1n
an
173
605
939
£04
423
97n
ST
QAL
(38

408

TABLE F-1.

DESCRIPTOR avG
HSUAL BRADE 3,3
NUMPER OF LANES = INITIALY 3.3
ANNUAL PAVEMENT PROFILF 3,2
CORYT PER LANE MILE OF CONSTrRUeTION 3,2
NVFRLAY MATFATAL 3,2
ESTTMATE ¢oF JLLFGAL OVERWEIGHT APPLTCATIONS PER YR 3.2
AVG WIND VELGCTITY PURING pAVING 3.2
STATEMENT OF ROaD USER BENEFTTS 3.2
IARTINE SHAULNER WINTH 3,2
CONTRACTION JOINT SPACING = CONCRFTF PAVEMENT 3.2
TYPE OF CONCRETF MIX ADDITIVES 3,2
GRANE OF LONGITUDINAL STEEL 3,2
OVFRLAY NUMRER 3,2
TYPE OF BASE STASILIZATION - SHNUI NER 3,2
HORTZONTAL AL IGNMENT 3,2
SHOULPFR winTH 3.2
BRFVIOUS CORE WOLES IN VICINTTY 3.2
COST OF SUBGRANF PREPARATION/SQ, YD, 1.2
ARFE TEMPFRATUARF CONSTANT 3.2
SHAULNER ¢LopE 3.2
SPACING OF LONGITURINAL REINFORCING STFEL 3,2
ANNUAL TEWPFRATHRE DIFFERENTTAL 3.2
RERAR SPARING = rREAP 3.2
CORE THICKNESS nF RaSE 3.2
MAXYTMUM ANNUAL RAINFALL 3,2
MINTMUM ARNUAL SAINFALL 3.2
MINTMUM TEMPERATURE 3.7
rN&Y OF SI'BRASF/SC YD 3.2
MAXTHMUM DL ASTICTITY INOFX » GIRRASF 3.2

(Continued)

N > Z

W

HANGE
RLW RHT
2«2 4,0
2e8 3.7
2e) 4,3
148 4.9
AP 3,2
Fe? 3.2
T+ 4,0
3.2 342
24 4,
2eb 4,
2¢3 13,8
Je? 3a2
2% 4As)
2:9 3.6
1«5 4.6
Tefb &6
P29 3,5
149 &b
1+R 4,8
Pe?2 4,7
2.9 3.5
leb 40
Peb 440
3«2 3.2
25 3.9
2e% 3.9
?s3 H,0
3.7 3,2
Fe? a2

GROUPS
100001011100010000

1oynt00000 0
1000 110000

1011011110010 01 1110

1nananno o
o 106000
1610006000 1800000

0 10000000
118010)00001100100100
1110000010 0
11000000010 160000000
1000000000 0

11000001 100010000
1500000000 1nannn
100010010 11000600
ISSR AR R RRRRRRARARRRE!
11006000000
1onan11600Y110000
166601 100000000
101111001011100000001
1oannnnnny N
11000011 00000000
1011300000011 00 100000
n 1006000

0 1000010

n 1000010

1011106110 1100110
1toonnnn n
108NN n

PAGE 27
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€02
779
137
€87

’e8

763
L%

461

NESCATPTNR

TABLE F-1.

LOCATION ANN DESCRIPTION FACK ACCTNDENT/YR.LAST § YRS

LDEATIONS EXPOSED TO TRAFFIC RARAKTNG

LDCATION NF NITCHES

MUMBER OF VERTICAL CURVES OVFR » NEGREES

CROWN WIDTH

FRFE WATE®R STANNING IN

NUMRER OF HORIZONTAL CURVFS OVER

LOCATION OF RAMPS

DITCHFES

NEGREE

COST OF STARILTZED SUBGRADE/LANF MI| E

NISTANCE 7O DITCH FROM SURGRADE CROWN

CURR HEIGHT
NOWEL RAR ST2E
PAVFMENT wiIDTK

NEGREE NOF CURVES

AOMD AREA OF LONGITUDINAL SYFEL = CRCP

ANTTCIPATFD FUTURE POPULATIAM OF aARFA (DIST EST)

PROFILE GRADE LINE

RASE COMPACTION RATIO

(TEX=114E)

PERCENTY LANF M1 OF PVMT WITH FNGE FATLURFS

AFFINITY NF SQURFACE AGGREGATFS FOR VARTOUS ASpHALTS

LONGITUDINAL BAR STZE = CONEARFTE DAVEMENT

NIST WIDE LOW BIN = LANE MI

=~ 1 INCH ACP = 10 INCH FR

SURGRADE SOTL INENTIFICATION - FHWA CLASSIFICATION

rONFSINMETER VALUE OF ACP

LAYER GRAPATICM

PAVEMENT vICRC TFXTURE

PLANMNED gU'TURE OVERLAYS = TYMF(NIIMAFR,,TYPF

ANNUAL RNALTINE MAINTENANCFE ~neT - PrR Ml

MAYTMUM PIASTICTTY INNFX - RASE

AVG
3.2

3.2
3.2
3.2
3.?

(Continued)

N

RANGFE
RLW RKT
3¢2 3.2
3.2 362
2.5 3.9
3.2 3.2

o5 Sa0
3.2 3.2
3.2 3,2
1.9 4,3
262 4.1
3.2 3.2
2.0 3.4
2.0 4.1
2.4 4,1
1ol 4,7
3e2 3.2
32 3.2
Teb 3R
3?2 3.2
3.7 3.2
3e2 30?7
.2 3,2
3.2 3.2
2efb 3.7
2.0 4,)
1¢9 4.5
3e? 3.2
let 6441
2.8 13,5
3. 3.2

GROUPS
01n0000N0QGO0

100 n
10100000000 n
100000 n
101110111 1n
10000000 n
100000 n
10100000000 10000000
100110100 1000001
100000 n

10000000 YONODNOOON
11001660000 100000000
10000010101 110010

1101101101000010000
100000000 0
10000000 n
1014000010 100000000
10000000000 n

n1nnonnonno

100 n
1000000000 0
o 100

[ 110000

10101000Y10000RNONAN
100001100 n
6 18000000

n 1100000

100000 19000000

100600010000

PARF 2R

n (Continued)
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227
449

314

11
A12
1283
1509
439
118
CEL
307
260
124
94
484
jen
947
81

267

TABLE F-1.

NESreIRPTAR AVG

cOST OF OVERLAY PER COMPACTFN CURYC YARD 3.1
SHAULNFRS (STARTLIZFD OR NATURAL) 3.
ANNUAL AVFRAGE SNOWFALL 3.1
CONCRETE AGGREGATE TypFr 3.1
PENFTRATTON TEST RESULTS RITUMINGUS MATTFRS 3.1
ANNUAL MAINT COSYT OF TRAFFIc LANES SUBGRADE/LANE MILE 3,1
ARSORPTIOr PERCENT OF SURBASE 3.1
MATFRIAL STRENGTH « Re-VALUE 3.1
TYPF OF MEDTAN (RATSEDFLUSH DEPRESSED) 3,1
RAYF OF MATFRIAL APPLICATION « LAYVER 3.1
WEY BALL WILL VALUE OF BASE MATERTA| 3.1
FLEVATION OF PAVEMENT TN RE|ATION Tn NATURAL GROUND 3.1
MAXTMUM VALUE FNAR WORIZONTA| CURVFS 3.1
COMTINUQUS SYEF| STZE 3.1
FONTIAUOUS STEEL SPACING EF)
PERCENT OF NENSTTY REGUIREMEMT FOR pASe COURSES 1.1
ANTTICIPATFD TRAFFIC GENERATYON (FHTURE) 3.1
STFVE ANALYSIS OF BASE MATEDTAL 3.1
PERCENT STARILIZING AGFNT = FACH SHAULNER LAYER 3.
PREVAILING WEATWRER CONRITIONS 3.1
INDENTIFTICATION NF SUPPLIER - AGGRFGATE 3.1
NEPTH NF SURpRADE 3.1
NDESCRIPTIAN OF ANY wIDFNING OF NRTGINAL PYMY 3.3
PENFTRATION MATERIAILS 3.1
NEMSITY OF SURFacCF 3.1
€TnRM SEWFR SYSTEw 3.1
MAXTIMIIM TFMPERATURE 31
MENTAN SUBFACE (SNDDED NR PavFD) 10
SURCRADE wONULIIG 3.1

(Continued)

—

[t ]

1?2

N NN

RANGE
RLW  RHI
341 3.1
31 3}
2eh 3,9
2:5 3,8
3s1 3.1
2+1 S.0
3«1 3.1
31 3,1
1R 4,4
2e7 3.6
30 3.3
el 4,0
247 4.5
3.1 3,1
3.1 3.1
3.1 3.1
Pe6 3.7
245 3.7
3.1 3.1
1.9 4.4

T 4,7
19 4,8
3+1 3.1
o1 3.1
2eR 3,4
3.1 3.1
Pe? 4N
31 30
a9 3,43

GROUPS
10ann00n n
4] 100000
101 0
100a000000 1
onnnnn 4]
10010 innnnnn
n 100600
1000000000 0

111000100310 11%1010101

100000000
10010000000
1001000}y
10000000000
1000000
1000000
10000000000
100000000

1o010nngn6n

14000000
n
1a0n1600
1i1na0annn
n

0

n

1000000

4]

ninnenogann

1on100n000

10080000

11110111011 1001001 0D

1oninn1oninonnnnnio

100
100000
100000000
AELLD L
1MTInnn
10000000

1010

n

100110
n

0
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212
aTi
£53
97
Qg2
793
1357
222
78
955
08
175n
606
6%
108

ng

TABLE F-1.

DESCRIPTOR AVG
CAPTLLARY POTENTIAL EXHIBITED BY | AYERS 3.1
AVFYAGE TFXTRE DEPTH 1.1
rUT SECTION SLOPES 3.1
FILL SFCTYON SLOPES 3.1
WMONTHLY AVERAGE TEMPERATURE 3.1
AMAUNT OF PaTCHMING .1
TRAMSVERSFE L 0PFE 3.1
GRADE OF SURRASE MATERIAL 3.0
AMOLNY OF CONTRACT (DOLLARS) 3.0
SKTD RFSISYANCE PROFILE EACW TWN YEaARS 3.0
NAYTE OF MATERTALS COSTS « MaINT 3,0
AGGREGATE = PERFENT PASSING NUM 2n0 STEVF - SUBBASE 3,0
AGGREGATE - PERCENT PASSING NiM &4 STEVE = SUBRASE 3.0
FHRANKMENT SOTIL TYPE 3.0
MATFRIAL rOSTS=MAINTENANCE=BER CDNST UnR 3.0
TYPF OF AGGREGATE USED FOR SURFACF TREATMENT 3.0
MATFRTAL=IN«PLACE=COST = CONSTRUCTINAN 3.0
TOENTIFICATION OF SUPPLIER o aSPHALY 3.0
NTYCH GRANE n
NATF OF LaNF DYSTRIKUTION 3.0
METHON OF MIXING « STARILTZATION 3.0
STATEWIDE LOW RN = LANE MT « | JACH ACP = 10 INCHW FR 3.0
NERPTH TO FROST 1 INF 3,0
FSTIMATED MAINTFNANCE FRFE | TFF (YEARS) 3.0
AMT OF SOTL RINBER IN RASF . = YR PFRIGDNS 1.0
SPACIAG OF TRANSVFRSE RETNFAPCING STEFL 3.0
MIMAER OF CaRS NFLAYER M NUFRLAY 2nNF 3.0
COMBACTED DENSTIY OF FOUNDATTION CAURSE 3,0
STBFNGTH COEFFIATIFENT OF FOUNPMATTION rOURSF 3.0

(Continued)

N

NN o

N owN

RANGF
RLW RHMI
Pel 443
149 4,3
3.1 3,1
3.1 3,1
Pe? 3.9
2eR 343
126 4.5
2+% 13,6
2«7 3.5
2.4 3.7
3.8 3.0
Jen 3.0
3.0 3,0
245 3.6
3.0 3.0
Ps9 1.3
2.2 4,3

T bt
2.4 2,7
3.0 3.0
et 3,0
Je0 2,0
1.6 3,9
340 3.0
3«0 3.0
2s5 3.5
Feft 3D
3.0 3,0
.0 1,0

GROUPS
110 tnyenoo
1010 n
1nannn 0
100000 n
1100001000 100001010
1000000000 1000000
100000 10DNOO00N0
1000000000 10000
10001000000 1000
110000000 n
1ngonn0n0e o
1onnn00000 n
1000000000 o
100001000 0
10006000000 o
11000000000 1060000

1601000160000

111n0101 1

18000100000

100080000008

10066000

n

janionnen

1A0NN00

fn

0

100

17000000

nlohnnnnono

100000
10060000001
n
1000000000

tonn

0
n
1nonnnno
0

n

PapE 30

(Continued)

82T



72"

TABLE F~1,

NFSCRIPTHR
PATE OF SIIBSEQUFNT SHOULDFR WnRK

MINTMUM HORTZONTAL CLEARANCF

YIFLD STRENGTH TRANSVERSE STFFL

TEST RFEPORTS ON MATERIALS USED FOP cONSTRUCTION
COVFR OF eTEFL

TYPE OF AONOTING MATFRIAL « 1 8YER

METHOD OF COMPACTION « LAYER

FUTURE PRnGea¥ FUNNDS OBLIGATFD TO OVERRUNS
PENJECTED FIVE YEAR PERCENT aDT TRUEKS
CONCITION OF SI6NS

DESIGN COnFIDENCE LEVEL

HILEPOINT LOCATOR FOR SKID RESISTANAE MEASUREMENT
TYPF OF RRINGES ON JOR

WERE RE«BsR SUPPORYS USED

LAP LENGBTH

GRAPE OF TRANSVFRSE STFEL

PROJECT OVERRUNS aND METHOD OF FINAMCING
TEMPERATURE MISTORY

SFASONAL TRAFFIr RISTRIAUTIAN

STRESS SEMSITIVITY OF CLAY 1 aYERS

SKIN NUIMAER AFTFR EACK SFAL COAT

AVFRAGE SPEEN OF TRAFFIC

THICKNFSS. EMBANKMFNT OR FILL HETGHT - SUAGRANE
MATERIAL TYRE OF EACH REWARTLITATTON LAYFR

COST OF RAASF/LANF MILE «~TRAFFTC (aNE

MUMRER OF STOP rnwnt?:n&s

BERCEAY OF a0 “aTL IN RagE

TDFRTIFTaTION NF SUPPLIFR . STARTLTZATION AGFNT

SKTN NIMBER AFTFR EACH NYFR) AY

AVG
3.0

3.0
3.0
3,0
3.0
3.0
3.0
3.0
3.0
3.0
3.0
3.0
3.0
3.0
350
3.0
3.0
3.0

3,0

{Continued)
RaAnGE

Alw  AHY
LI PY T Y
3 2e1 3.5
1 3«0 340
1 3.0 3.0
1 3.0 e
1 3e0 340
1 3«0 3.0
1 3«0 3,0
1 30 3.0
1 3 3.0
1 3.0 3,0
1 3¢0 3.0
2 3.0 3.0
1 3s0 3.0
1 3.0 3.0
1 3.0 3,0
1 3e0 3.0
1 3.0 3,0
1 3.0 3.0
t Je0 300
1 F.0 0
11 le6 4,0
1 3.0 3.0
2 3.0 3.0
2 2e4 1.5
3 Zem 3.1
3 2.5 3.5
3 Peé 4.0
1 3e0 3.0

GROUPS
1non n

nlinnnaninGg

1000000000 o
o 1000

1000000 n

f 10000

10 0

o 1060
nlapooanonn
1nonononnn n

A 1NnNADNHNN
o 1
1000006 1nn6

i} 1noannG

1000000000 0
1060000000 i
n 1000
10000000000 )
10000000000 o
10600000000 o
1n000n000 4]

16101111100 11010100

TannonnG 0
160000 o
10 innn

ifnnaannnn 100010000
1oananannn 1onn1nonn
ninnnnnonnn

1annnonn il
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1TFM
927

783
7313
%06

1287

761
&7
291
475

1325
798
&0
€66
668
e84

795

467
653
338
121
113
203
&To
1187
169
474
Q06

B4

NPFSCPRIPTNR

SLASTIC LTMIT OF RORROW MATERTAL

TOTAL PROJECT COST

NESCRIPTIAN OF NTSTRESS REQUIRING RFHARILITATION

TABLE F"'l .

RRavD OF ATR ENTRAINING AGEMT USER TN CONCRETE PVMT

| INEAR GHRINKAGE OF BASE MATYFRIAL

MINIMUM VERTICAL CLEARANCE WFIGHT

CLIMBING LANE WIDTH
PERVEARILYTY « { AYER

ACP INePLACE DFNSITY

RECORND OF OVERSIZE PERMITS

€O0ST OF MATFRIALS = CONSTRUCTION

REAAR STZF - CRCP

TYEF OF EXPANSION JOINT » CONCRETF PAVEMENT

RATE OF ASPHALT FOR PENETRATINN PAVEMENTS

TYPF OF JNINT SFALER = CONCRFTE PAVEMENT

NEPTH NF NITCH RELOW SURGRANF

FRODABYLITY FACTOR/SURRASE

LINSINE)

PEPCENT NF OPTIMUM MOISTURE In FLFX RBagE wHEN BUILT

FRFEZING TNNEX PER YEAR RY COUNTY

UNTFORMITY oF SIAGRADE

TYPF CF LAST CAONSTRUCTION

TYPF OF MATFRIAL TP REPAIR cPALLFA JOINTS

GUTTER WIrTH#

AGRREGATE RaTE FOR PENFTRATYON PAVEWENTS

CERCENY LANF MT OF PYMT wiITH &Palt InG JOTNTS

RERDUCTION In PLASTICITY INDFX RBY STARTI2aTION

TYRF OF MEMARANY RFTWEFN RaAgKE MATH
IOFMTIFICATION OF SUPPLIFR o CEMFAT USED

TYOF OF CONCRETF MAULING FOUTRMFNT

AND PavEMENT

IN CONC

PYTY

AVG
3.0

3,0
3.0
3.0
3.0
3.0
3.0
3,0
3.0
3.0
2.9
2.9
2.9

2.9

2%
2.9
249
2.9
2.9

2.9

(Continued)

NP W NN W

-

RANGF
RLW RHIT
3600 3.0
30 3.0
30 3.0
15 R.0
30 340
1eB 4,4
222 3.8
Z2+6 3,8
2¢9 3,0
7e6 3.3
Ze3 3.8
Zed 3,5
2s% .4
Z2¢98 2.9
1.5 4,8
L
2.8 13,1
?e6 3,3
243 4.0
2¢9 P49
229 2,9
2.9 P9
149 3.9
2¢9 7.9
2«9 2.9
7+9 P49
12 4.6
7«8 P9
7+9 7.9

GeNYPS
10000000 n
0 1000
n 10
11000010 Ul
10000000000 n

10100000000 110000100
b 1001nnnnn
10000010010060060000
100806000601000000000
10000000000 100000
1000060011000000000

16101000000 100100000

1600010 4
1000 0
100000101 100

n 1nnpon

100000000 10
y11no0a0n 1
11001000000 ¢
1 0

niaonnnooon

10 n
1001n01n0nn 10A01000N
1000 0
10000000 n
alnnngannnn
1ananprInminanonn
1000000 n

IR LLLEI T
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£39

54

33>
67

.1
901

92
735

r99
L}
948
947

54
567
&79
728
57
141
209
€89

TABLE F-1.

NESCRIRTAR AVG
TYPF OF ASPHALT MATL USED FnR PRIMF COaAT 249
HORIZONTAL CURVATURE 249
SHRINKAGE FaCTOR 2.9
ILANE WYDTH = INTTIALLY 2.9
FSTTMATED MaJOR MAINTENANCE FREF | IFE (YFARS) 2,9
AGGREGATE PERCFNT PASSING NiM 100 STEVF = CONCRETE 2.9
TYPF OF P ANT 2.9
1ISUAL DISTANCE FROM CROWN TA NDITCH 249
AVAILARILITY OF AGGREGATES 2.9
LOCATION OF aALL PVMT CONSTRIIFTION JAINTS 2.8
SHOULDER eTARILITY 2.8
TYPE OF MATERTAL USED IN EXPANSION OINTS 2.8
AVATLABILYTY OF CEMENT ‘ 2.8
ARMOR JOINTS (RRIDGE ARUTMENTS) - TYPE 2.8
MUMRER OF SEAL COATS 2.,R
TYP® OF SUBGRANF STABILIZATIAN - SHAULNERS 2.8
SPFCIFIC GRAVITY OF BORROW MATERTAL 2R
AVATLARILTITY OF ASPHALT 2.8
FSTIMATED ANNUAIL MAINTENANCF COST 2.8
LOWEST DATLY TEMPERATURE PER MONTH rY COUNTY 2.8
HIGHEST DATLY TEMPERATURF PFR MANTH BY COUNTY 2.R
CONTROL Of ACCESS 2.P
rFEFMICAL SOUNDNFSS VALUE 0F SURFAFF AGGREGATES 2.8
WINTH OF <AWED JUDINT 2.8
NEPTH NF ROANWAY FXCAVATIAN 2.R
PERCENT +1n MATFRTIAL IN ACP MTX 2.8
SURGRANE wIpTH ' 2.8
FOST OF SUBGRANF PREPARATION/|ANF MYLF 2.R
NUCTILITY TFST BFSULTS RTITUMTMONS MaTTERS 2.8

(Continued)

N

20

RANGE
RLW RHT
149 3,8
2¢9 2.9
1¢7 441
2.6 3,1
2.9 2.9
2¢9 2.9
29 2.9
P9 2.9
29 2,9
2.7 3.0
2¢8 2?48
2¢8 2.8
?e¢8 2,8
2¢1 4,0
2+3 3,9
2.A 2.8
PeR 2,8
P.R 2.8
Pe1 4,0
28 2.8
?sA  ?,.8

«7 1.9
P.R ?P,.8
2eRA 2.8
2.8 2.8
1?2 4,0
?¢1 3,1
1eB 4,6
2eRA PR

GROUPS
1000010 1000

0 100000000
110000000 n
1010000000 n
01000000000
1000000000 0

n 100000000

1000000 4]

0 100
10000006000 1
o 1

10 0

0 100

1000000001111000001

101000010 1noot

0 100000

11000000 0

0 10n
10108000000 10000
1ann00n0n0 0
1000000000 n

10000 10A00G100

180 0

10 0

1000 0
10010100n0 n

1000600010001 10ANNN00N

Mmuinnnminny

1060000 ]
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446

7R¢
Q77
«B7
a7
"M
P07
9136
yRER
230

00
1742

278

TABLE F~1.

NFsScotpTAR AVG
SLOPE RATTIO oF SINE ROAD pITeH 2.8
SA| VAGF VALUE OF PAVEMENT = LAYFR 248
RATE OF AOP_ICATION FOR RASF mMATERTIAL STARILIZER 2.8
AVFRAGE WINTERTIME TEMPERATURF 2.8
PERCENT TOANSVERSFE  STEEL In FACH LAYFR 2.8
COMPACTION EFFORY OWN BASF MATERTAL 2.8
TRANSVERSF BAR STZE = CONCRFTF PAVEMENT 248
PERCENT LANF M1 oF PVMT WITH pPOT HOt FS 2.8
WINTH OF SFALSe PRIMES, CURING 2.8
rInE PRESSURE 2.7
TOPOBRAPHY 2e7
NEBTH OF RUTTING AT INTERSECTIONS 247
VAPTANCE IN PROFILE FROM ORIGINAL 2.7
APPROXTMATE THICKNESS Op NATURAL UNRERLYTHG MATERTAL 2e7
CEMFNT GQUANTITY 2.7
RIFFERFNCE RETWFFA MAX AR MTM MONTHLY RATNFALL 2s7
RIPN PRICE FOR FACH LAYFR - OFR S,Y, 2.7
AVFRAGE HrMIplty 2.7
HAPDNESS nF ASPHALT 2.7
SURRASF € VALUF ?e7
PFRLCEAT LANF MT OF PVMT Wit SLIPPAAF RACKING 2.7
cost OF Reaw SURGRANF FLANF MiyiF 2,7
AVFRAGE DAlLY TFMPFRATHRE PFR MANTH RY COUNTY 2.7
eHAULDFR FONBITION = VFRFETATINN 2.7
MOMINAL MAX SIZF OF AGGREGATF = LAYFR 2.7
MORLLUS OF ELASTICITY FOR SYFFL RFEINFARMOEMENT 2.7
SYoFACF CURVATURF INDEYX - RaSF 247
SAFFYY SLOPF (FT.) 2.7
HYOROMFTES ANALYSTIS OF SURGRANF 2.7

(Continued)
HANGF

N RLw BNT
5 e 4,9
5 1«8 3,9
3 2.1 3.9
11 1«1 3.6
3 2¢0 13,3
7 2«1 3.2
1 PeR  Ze8
1 PeR 7.8
1 2.8 2,8
1 2e7 247
13 1e0 540
1 2eT P47
1 27 247
1 ZeT 247
3 11 2.7
2 1.8 3.6
) 2efl 3.4
4 Ped 3,0
1 2.7 2,7
1 PeT 2.7
1 PeT 77
3 2.0 4.t
1 ZeT 2.7
1 PeT 27
1 Pel 7.7
1 Pal 27
1 PaT 77
1 2s7T P7
1 Pe7 247

GRMRS
10110010600 100000000
1n00000061100N010100
10000000001 1ananon

111010111601110100

10631010000 n
10113100000 1
1600000000 n

1an00000 n
10000000000 n
10000000000 0

111111110101 110010000
n 15000600
1 0
4] 1000000
11000000000 1noa0n0
n 100001000

110101000N010A0NBTI0000

yia00010 10606
100000000 o
1080000000 o
10000000 a
10100000 1oannnn
1n0000000D n
10800000000 [
1nnnoon n
yannnnnnn n

I 1NAO0NN
a1nnonn0nn

tndannnn n
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R&ET

i267
1269
04
37
287
R34
1764
79
206
€42
1234
123%
1236
1238
1397
7%
3:7Y
¢80
974
#29
r28
124
323
~THR
iz3
4“6
87

494

DESCRIPTAR
COST OF RCANSINF MAINT/MILE

MATURAL SOIL PRNOFILF L.Le'DEPTH, AND LNCATION
NATURAL SO0Y), PRNOFILE L.S,sDFPTH, ANN LOCATION
COTL SUPPORT VALUE « CRR

RIAHMT ~F wAY WINTH

CONSTRUCTTON EQUIPMENT USEN

rOST OF PRIME COATS

MUMRER INJURTES EACH ACCIDENT/YR LAcY § YRS
TYPE OF MEDTAN RARRIER

FOUNDATION WIDTH

PERCENT OTL USEN IN ACP

PERCENT LANE M1 OF PVMT WITH CURLTNG SLARS
PERCENT LANF M1 OF PVMT WITH FAULTING SLARS
PERCENT LANE I OF PVMT WITH SCALTNG SURFACE
PERCENT LANE MI OF PVMT WITH DEPRFSSIONS
MINTMUM SERVICEARILITY INNEY

TYPE OF Ramps

TESTS FOR VISCOSITY OF 4SPHAI T CEVENMTS

MAX TENSTLE STRFNGTH OF ASPHALT MTX

RATMFALL AMOUNT FOR LAST yEaR

rENTER STRIPE €NST PER MILFE

COSY OF SURFACE/CY

NENMEE RENSTITY (PD) - BORROW MaTFRYA

LODSE DPENSITY (DLY = RORRNW MATFRTA)

NATLY rOMTAOL TFSTY DATA (avey

L OWARLE CONSTRUCTION INTEQFFRFNCE TH TRAFFIr
MINTMUM PLAGTICTTY TINDFY « assf

TyeE OF ARMTXTURF USED

1t OCATIONS OF CONC PYMT (FSS THAN DLAN THICKNESS

TABLE F~1.

AVG
247

2.7
2.7
2.7
2.7
2,7
2.7
2.7
267
2.7
2.7
2.7
2.7
2.7
2.7
2.6
2.6

20“

246
2eb
2.6
2.6
246
2.6
2.6
2.6

2.k

(Continued)

Zz

QanNGF
RLW RHE
2«3 3.1
PeT 247
2eT Po7
?eT P47
1s1 4.2
1eb6 4,0
PeT 2.7
2e7 2.7
247 27
2:3 3.0
Ped 2.9
2.7 2.7
2s7 2T
2e7 2.7
PeT 247
2¢b6 216
2«1 3.1
2.2 3.0
Peb P46
246 P46
Peb 246
1¢1 4.4
Peh P46
Pabh 246
Peb 2.6
7.2 3.3
Z2e1 3.3
Peh 2.6
7ebk  P.b

GROVPS
1060000601 1000
10000000000 a
10000000000 o
1 0

111111010 100010100

10311100011 101000000

10000 n
nlodonnanns

10 0
100006001000 0
100060010001 0
100600600 n
1ndo0n00 n
16000000 n
100060000 o

0 1006000000

16160000000 n
10010600000 ]
100006000 o

f ronooo0

] 10

11000 n
10000000 n
10000000 n
10000 0
1000000001 o
10000010000 n
10n a

16 a
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ITEM
194

®37
£55
£85
1763

R69

r68
36
414
87p
2z
had
M
C1:13
194
1296
48
666
130
17138
pTE
619
40
1A6N

A9

Rr1R

AZA

TABLE F-1,

DESCRIPTAR
PENETRATION COSY/UANE MILE - CONSTRUCYTION®

rO8T OF CONCRETF PLACEMENT

STFVE ANALYSIS OF MATERTAL TN ACP
STARTLOMEYER VALUES OF RATITUMINOUS MYXTURES
NUMRER DEATHS EACH ACCIDENT/YR LAST § yRS
FOMPOSTTE LAROR RATE=MAINTENANCE=PER CONST JOR
rOMPOSTTE FOUIP RENTAL RATF-MAINTeNANCE-PFR CONST JOR
NATF OF COMPOSITE LABOR RATF = MATNT

LEVEL OF PEDESTRIAN TRAFFIC

SUrRsASE FrIcrion FarTor

NATF OF COMPOSTITE EQUIP RENTAL RATE « MAINT
FONSTRUCTTION UNNDFR TRAFFIC

IDENTIFICATION OF CONTRACTOR

SHRTNKAGE LIMIT OF BSORROW MaTFRYAL

ANNUAL FLAODIAG DATA

LAYFR MATFRIAL ©OST ~ rONSTRUCTION

PENSITY = SURBASE

AVERAGE SUMMFRTIME TEMPERATIIRF

RATF USED FOR PRIME COAT ASPHALT {(GAL/SeY,)
Pr VALUE NF RORmOW MATERTAL

TRAFFIC AT PrAK PERIONS

FONSTRUCTTION METHOD

WIRF MFSH TypE

rURTNG COMROIIND

BINTMIM DFSIGN SPFED

TYRE OF PaAVER

PRAJECT DFSImNATOR

rOST OF RASF/LANE MILE = SHAlIDFR

rOST OF SURFACING/{ ANE MILE «TRAFFIr LANF

ANVG
2.6
2,6
Ze6
2.6
2.6
2.6
2.6
2.6
2.6
2.6
246
2.6
2.6
2.6
2.5
2.5
2.5
2.5
2.5
2.5
2.%
2.5
2.5
245
2.5
2.5
2.8
2.5

2.%

(Continued)
RANGE
N RLW AHT
1 2.6 2.8
2 2.7 3.0
1 2o Peb
1 2.6 7.6
2 2.5 P.7
1 2.6 7.6
1 246 2.6
1 246 246
2 1.3 3.9
1 Pe6 2.6
1 2.6 2.6
1 2.6 2.6
10 1.5 3.2
1 26 76
6 leb 36
2 2.3 P.A
1 2.8 2.5
10 .7 3.6
4 1.6 3.9
1 25 2.5
2 2.0 3.0
1 2.5 2.5
1 2+% 2.5
1 2.8 7.5
1 2.5 7.5
3 Zel P8
1 ?.5 2.5
1 Pe& 2.5
1 2.5 2.5

PAGFE 36
HROUPS

100000 4]
100003 0
10000000 ]
1000000 0
16000000001000000000
1000000000 0
10600000600 n
1000000000 n
100000000 100
1nnooponn n
1000000000 0
1000000600 o
11811011000111nYn00NN
1n0000n00 n
1000001010011001006000
1600000100 0
100000000 0
1000111000611 001110100
11000011 n
16060000 n
10060000001 n
10 n
1000000000 n
10 ]
RLLLLEEREL
10600001001 0000ND
ypnnnny n
10 n

1n o {(Continued)
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ITEM
AR

A13
p2?

48
797

95n

126
€17
8R

Q7w
«RA
11

45
233

TABLE F-1.

NFSERIPTOR AVG
08T OF SU!B=RASF/LANE MILE - SHOUI DFR 2.5
COST OF SUB=RASF/LANE MILF -TRAFFTC LANE 2.5
COST OF SURFACING/LANE MILE = SHO'LNRER 2.5
OVFRALL VISyAL APPEARANCE OF KWWY 2.5
NITCH WINTH 2.5
PFOCENT DAYS BFLOW 32 NEGREFS F 2.5
MONULUS OF ELASTICITY OF NATURAL SOTL RELOW SUBGRADE 2.5
AGRPEGATE TypE FOR FACHW REHARILITATION LAYER 2.5
AMOUNT OF ICE USED 2.5
NUMAER OF RRIDGFS 244
ANNUAL AVFRAGE TEMPERATURE 2.4
COMPACTION EFFORT ON EMBANKMENMT 2.4
RATF OF TACx COAT ASPHALT USFED (GAL /S,Ye! 2.4
LAYER CONSTRUCTION OST 246
SWFLL PATING (AT=ANNUALLY) 2.4
NAME OF RESIDENT ENGR ON PRAJFCT 2.4
CONPITION OF SHOULNER (DFVE| OP SURJFCTIVF RATING CODE) 2e4
SPEFD LIMTIT 2.4
PLASTICITY INDEX OF UNSTARI{IZED FLFX pVMT LAYERS 2.4
YJ8F OF ADJOINING GROUND 2.4
SANN EQUIVALENT = LAYER 2.6
AGGREGATE DISTRTRUTION = | AYFR 2.4
LOCATINAN AF cULvFRTS 2.6
MODULUS OF FLASTICITY = LAYFR 7.4
AVG DURATYON OF FACH wET CONNITTION 244
RUETTI ITY OF ASDHAI T 2.4
€0ST OF SUBGRANF STARILIZATINNM/GN yA 2.6
ROAFPSIDE GEOMETRIC 2ol
CWFLLAGE FACTOR 2.3

(Continued)

N
1

1

RANTYF
RLW RHT
2¢5 2.5
2¢5 2.5
25 2,5
1eR .2
2e?2 7.8

B 3,6
2¢5 2.5
2.0 7.9
25 2.5
2e3 7.6
1¢3 13,6
2¢4 2.4
1«R 3.1
1.7 2.8
2e4 2.4
1¢R 3,1
ek 2.4
1¢% 3.6
Peb 2.4
17 4,0
2e4 2.4
2.6 2.4
2e6 P4
1ed 3.9
2¢4 o4
Pe8 2,4
Peb 2.6
Peb 2.4
2.3 2.3

PAGF 37
GROPS
10 0
10 0
10 0
10000000M 0
11100000000 0

1010001 101110000

\ 0
10000100 0
1060000 0

01100000000

IRR R RRERRRRRARARRRRRE
100000000 0
10000010 0
1001000001000010000
100000000 0
110011000 10000000
100000000 0
100000000101001000000
100000000 0
100010010 Y1Y0ADNNO

nlonnnnnann

100000000 0

100000000 n

11008000000 100000
100000000 n

nonnnn 0

nlanonnnnnnn
100000000 n

10n0n00n0 o (Continued)
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TrYEM
91

58

RTG

937
869
1421
802
S11
«38
1113
798
502
&ng
789
1373

w28

TABLE F~-1.

DESCcateTnR AVG
LFNGTH OF EackH RRINGE 2.3
FLIMBING LANE LFNGTH 2.3
NAMF OF JNRSITE INSPECTOR 2.3
SPECIFTIC GCRAVITY OF SURGRADF 2.3
SLOPE 23
EXTFNT OF CUTS ann FILLS 2.3
GRANE { INF ACCEPTARTLITY 2.3
NEPTH FROVM SURFACE = LAYFR 2.3
DATLY TEMPERATURE RANGE 243
1 OCATION rF TRANSVFRSE JOINTS 2.1
FRONABTILITY FACTOR/SUBGRADE 2.3
PROPERTY L0OSS EACK ACCIDENT, YR LAST § YRS 2e3
PARKIAG WTDTH 243
SHOULEERS CoLCR CONTRASTING OR FDAE STRIPED 2.3
COSY OF ARDITIONAL RIGHT-0F-waY 2.3
ROMP STRENGTH OF cONCRFTE Ta STFFI = CRCP 242
TEMPERATURE (VARTIATION) 2.2
PFROENT MATSTURF NF BASE AT THE TIME oF PATCHING 2.2
FRFOUEMCY OF 724000 LB LOADS USTNG pQ4AN 2.2
r0sT OF SUBGRANTING 2e2
TLENTIFICATION NF SUPPLTIFR - DRIME r0AT maTlL 2.7
TYPE OF ASPHALT USED FOR Yark Cnat 2.7
SKIN RFSISTANCE FArH HALF MYLF/| ANF 2.?
rOsT OF MATERIAL PREPARATION CONSTRUCTION 242
ARAND OF FEMENT = CONCRETE pAUFWMPRTY 2.7
MINTMIM PLASTICATTY INDFY = €HRAASE 2.7
TYPF OF EROSICN COMTRNL 21
COMFORT  FACTOR 2el
ACGREGATE PERCEMT PASSTNG NIM 4 SYFUF o CONCRETE 241

(Continued)

RANGF

Riw RN

149 7.8
1 ?:3 2.3
2 1.3 3.4
1 23 2.3
;] 1e4 3u6
1 23 2.3
1 23 7.3
1 23 7.3
2 2ol 7.5
1 2.3 2.3
1 2:3 7.3
1 2¢31 7.3
3 9 3.4
2 T+8 2.8
1 2«3 7.3
1 242 ?4?
3 1eb 2.6
1 22 P2
4 17 2.7
1 2eP? Pa?
1 PP P2
2 1«8 246
1 7e?  Pu2
1 PP Pa?
7 R 3,9
1 Pe? Pu2
5 G P49
1 7.1 7.1
2 Ted 2.9

GRONCS
16008000000 1600

0 100000000
1001000 0
1ngn000n n
110010) 111010000

0 100000000

0 10000
10000000 n
1nnnnonnn 1a0000

0 10060000
1060000060 0
aro0n0nnnn0
110000000 100000000
1000080000001 00n000000
160000000 0
janannnan 0
61100010000

] 1npnonn

10000 1000000

100 0

10 "
1nlnannnnnnn

166 4]

1000 f
1041010110 1anaan0an)
1annn n
1110010600 10080000
flapnannonn

1aan010000 n
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TTEM
1739
£17
127
17270
1272
1773
12715
1274
1278
1277
yo82
LY}
1278
128
26
787
963
as?
751
1226
982
s
£1R
53
1280

1279

298

TRY

TABLE F-1.

NESCRIPTAR

NEFLECTION MEASURFMENTS » FA fein M7, RI=ANNUALLY

TERMINAL ANCHORS - NUMRER OF LUGS EaCH END

RATE
RATF
RATF
RATF
RATE
RATF
RATF
RATF

RATF

OF LIGHT PNEUMATIC TIRF ROLL (WMR/MILF} = LAYER

OF FLAT WHEEL ROLLING (HB/MTILE) = L2YER

OF ENMBANKMENT SPRINKLING (6at /CURIC YD)

FOR WEAVY YaMP EMB ROLLIMG (RR/CURIC YD)

OF SUBGRADE SPRINKLING (GAL/SG Ym)

FOR WEAVY TAMP SURGRADF ROLLTINA (WR/ZCURIC YD)

FOR wEN PNFUMATIC TIRE FMB RaL{ING (HR/C1BIC YD}
FOR MER PNFUMATIC TIRE SURGRADF ROLLING (MR/SQ YD)y

OF PAEUMATIC TIRE ROLLING YO BaSE {HR/CUBIC YD)

AGGREGATE SI1Z2E FOR PENFTRATYON PAVEMENTS

RATE

RATE

OF BASE SPRINKLING {(GA| /CURIC yDy

OF FLAT WHEEL ROLLING TO RaSF (HR/CURIC yD)

ILOCATION nF FIILLS ACRDSS LAxFS

SOURCE OF FynDS

PRECIPITAYION FROM FIRST FReFZE 10 1 AST THaW

NaYE

OF FIRSY FRFEZE EACH WINTER

LEyFL-UP NUMRER

AMAUNT OF RavELING

BVFRAGE USE OF ~HLORIDFS

TYPFE
TYPF
TYPF
RATF

RATF

OF OTL USED FOR aCP

OF ANCHAR UGS

OF PAVFMENT MARKING

CF HEAVY TAMPING ROLLING Tn 9a<F (HR,/CUBIC YD)

OF TAMPING ROLLING TH aa&E (WR/CURTEC YD)

INTERSFCTION DFSIGN

KNOwN OR POTENTYAL CHFMICAL RFANTION NF | AYFRS

RInHT-OF~-kAY CNOST BFR ACRF

AVG
2»1

2.1
241
2.1
2.1
2s)
2.1
2.1

?‘0

(Continued)

N
1

2

RANAGE
RLw  BHl
2s1 Pl

LR T
2al 2.l
2a1 241
Pel 241}
2e]1 241
2e1 241
2e1 21
2.1 2,1
2.1 2.1
2.1 2.1
10 3.2
2.1 2.1
Pe1 Pel
203 241
1+2 3.0
2.1 2.}
2.1 2.1
21 2.1
2el 2.1
15 2.6
1% 2.6

s] 4.0
1.8 2,2
2.0 2e0
2.0 740
Pell 7.0
Peft 2.0
2e0 P40

GROUPS

1on00000n
1610000
10080000000
1onon0onnon
10000000000
10000000000
16060000000
10000000000
10000000000
10000000000
10000000000
110080
10000000000
10000000000
0
1000606000
1nonannn
1080008600
1n00nn00n
1600060000
160000
1000000000
1010000
18100000060
10000000000
10000080000
100000000
1nn

n

o

n
1060000
iaen

0

n

a

f
yhanann
n

0

1060
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ITEM
93n

aen
#9=
53
Tk
1284
A0k
70
aRn

988

339
4bR
1775
16
706

1794

113
237
RS?

77
a7y
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TABLE F-2., LIST OF REDUNDANCIES REPORTED
DURING DELPHI PROCESS

Original Same as ( ) frequency
number

19 211

31 476

82 203

96 107, 437

98 99(2), 100(2)

135 137, 217, 224, 421, 424(3)

140 141

165 156, 167(3)

147 152
205 334, 383
211 212, 213(2), 419
217 305, 345, 387, 388, 420(2), 480(4), 491, 627, 757, 759
219 344(2), 392, 427
224 335(2), 384, 391, 626, 757, 759, 435
228 273, 438
246 249, 353, 447, 484
255 257, 273
263 359, 401, 455, 485

264 559

268 357, 451, 559
273 559

291 559

299 412(2), 903
306 341
312 335, 336, 366
317 353
335 366
336 360(2), 384
343 344(2), 348, 384, 392
360 367, 381, 383, 384, 387, 397, 402(3)

367 368, 372, 366 (Continued)



TABLE F-2. (Continued)

Original Same as ( ) frequency
number
397 384, 398, 399, 400
408 409
415 418, 435
418 417, 435(4), 436, 437
424 447
426 427(4), 430, 432, 433
435 436, 437
447 626, 649, 744, 745, 746
480 627, 491
464 277
477 649, 653
500 527, 528, 529
503 531(2)
507 508
509 510
519 520
564 566, 572, 575
565 570
588 598
589 602, 605
590 603, 606
592 596, 597
593 596, 597
594 596, 597
595 597, 596
611 601(2)
612 604 (2)
625 626, 633, 673, 674, 675
667 669
682 683
688 689
692 693
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TABLE F-2. (Continued)

Original Same as ( ) frequency
number

791 792

793 798, 820, 821, 825, 843, 844
806 807, 808, 809

810 816

819 821

851 854, 862, 853

882 890, 891

907 908, 910

903 912

933 936, 938(2), 947, 948, 992, 945, 1298
935 936, 947, 948

954 955(4)

964 967, 968, 1299

993 1013, 992, 996

1039 1044

1012 1014(2)

1013 1016

1092 1098¢(2), 1099, 1102

1109 1113, 1114(2)

1114 1108, 1109, 1110
1138 1140

1251 1252, 1253, 1254
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