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PREFACE 

This report results from research conducted under Research Project 

No. 1-8-69-123, I~ 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 Ruef1i. 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. Bu.sh 

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 Delphi process also provides an effective 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 viable 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 

(THO) 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 
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list is possibly the most important practical result of this3tudy, 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 obtaLled: 

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

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

(3) The manner in which the Delphi groups are structured, relative to 
cognitive style, appears to be an important conside:ration 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 participalts toward the 

data base was achieved by their taking part in the Delphi pro:ess. 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 Euch 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 n,ting 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 
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(3) investigation of means for overcoming user-designer i'nterface prob­
lems. (Ref 51, p 216) 

Since it is difficult to imagine how anyone of the three top ranked 

projects could be successfully completed without giving at least partial 

attention to the other two, this author views the consideratio'ns 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 '~as conducted 

in 1973 at Colorado State University. In 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). 

Ibere 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 
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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 aided 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. In 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. 
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If data based information systems are to prove successful in supplying 

information that will aid management in making and implement:1.ng decisions, 

then the design of the data structures of these data bases w:f.ll 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 syst.em. Theoret­

ically no one should be more capable of describing the necess:ary data con­

tent of these data bases than the present decision makers thE~mselves, and the 

Delphi Technique offers a method for bringing about a conver~;ence 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 add:f.tional organi­

zational behavior advantage can be expected to accrue from the application of 

a Delphi type methodology to the design of a data base. ThiEl additional 

advantage occurs because the potential users of the system al'e allowed to 

directly participate in its development. Group acceptance of an information 

system is critical to its effectiveness. Unless an informat:f.on system is 

used, there is no way to justify the cost required to bring :f.t 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 :I.mprovement in 

attitude as a result of participation in a Delphi design of l:L data base. 

The Delphi Technique, which receives its name from the oracle at Delphi 

in ancient Greece, has since its inception been used by indmltry and govern­

mental agencies to forecast future technological development~l. 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 deElign. A data 

base requires a certain amount of time for development to thE! operational 

stage after its design has been finalized. Even after the dnta 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 neE!ded in future 

decision making. The Delphi Technique provides a proven vehicle for delving 

into this type of uncertain and opinion laden question. 



5 

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 is 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. In 

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 combined 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 situations to 

seek out and which to avoid. A particular cognitive style is neither good 
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nor bad; its effectiveness depends on the context within which the person 

acts" (Ref 54, pI). 

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 operat:lons 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 sty14~s have dif­

ferent acceptance rates by individuals who possess a global or analytical 

style. They claim that their results "highlight the potentilil 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 

Information Systems" identify the psychological type of the decision maker 

as one of the key variables that comprise an HIS. 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 on4~ 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 HIS has tended to reflect this orientation of I:heir designers, 

i. e., the designers of HIS have tended to proj ect (or mistak4~) their domi­

nant psychological type (analytical) onto that of their clients. The con­

sequence has been the almost total neglect of HIS designed e:<pressly for the 

global type."l Hason and Hitroff state that "there is a need for more 

research on this important HIS variable" (Ref 63, pp. 478-479). 

lMason and Mitroff call the analytical type a Thinking-:>ensation type 
and the global type a Feeling-Intuition type. This writer hiis replaced 
Thinking-Sensation in the quote with analytical and Feeling-Intuition with 
global in order to be consistent with preceding portions of this report. 
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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 is significantly different 

from that obtained with a Delphi group composed solely of potential users 

with a different cognitive style? Is the manner in which Delphi 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 (THO) 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 
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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 is 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 

j.dentified: 

1. Locational Data 

II. Design and Construction Data 
Maintenance Data 

III. 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 is 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 



Texas 
HiC)hwOYI 

Request for 

Updated 
DesiC)n )----.... ------1 Mcd~:s 

Random 
Data Retrieval .... ------..-...t 
Programs 

Oaia ColleGtion 
a StoroQe 
ProClrorns 

Output: 

.. oved Mode"') I Routine Report(s) 
P=f( ..•... t ...... ) . I Special Report(s) 

I Event-TriQQered 
I Report(s) 

An Iterative Process 

Fig 1. Scope of a pavement feedback data system (PFDS) (after Strom et a1, Ref 83). 



Temperature 

Rainfall .--------- --, 
I Other Variables i-_------fIJI, L ____________ -L . 

AADT 

Load Groups 

Equivalency Factors 

r.--- ----------, 
I Other Variables L.. ___ ________ -.l 

Construction . 

Materials 

Maintenance 

Overlays 

r----------, 
I Reconstruction 

Climate 

Traffic 

Pavement 

Weighted 
Enviromental 

Foetor 

Equivalents 

/ 
Pavement 
Strength 

Pavement 
Performance 

System 

L ___________ J Fig 2. Components of pavement performance (after Strom et aI, Ref 83). 

Service 
Ufe 

.... 
o 



approach, while the second use of PFDS is analogous to using the highway 

system 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 

PFDS 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 THO's two cooperating research institutions, 
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Texas Transportation Institute (TTl) 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 bas.~. 

The Wisconsin Department of Transportation designed and built their 
Highway Network Data and Information (HNDI) System lalcgely independent 
of a specific group of users. When the system became operational, they 
found that no user really existed and that the next n.~cessary step was 
thorough indoctrination of field personnel as to the Hcope, 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 receiv.~ 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 (FOOT) Multiproject Schedu1:lng System (MPSS) 

caution that it is 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 deBign process. 
This is one area where the FDOT's design procedure could have been 
improved. Some complaints of MPSS system users were eentered 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 expl:lcit 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 hav:lng 241 potential 

users from the THD, TTl, and CFHR take part in the Delphi project to design 

the PFDS data base, it is anticipated that the FOOT's diff:lculties with 

implementation problems due to non-participation will be avoided. As was 

previously mentioned, a further check on the Miller-Barretl: proposal was 

provided since one of the objectives of the PFDS design project was to 

determine how the attitude of the potential users changed as a result of 

participating in the data base design process. 



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 hi8 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. 

13 

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 

SY8tem and the second type is known as a Hegelian Inquiping 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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th~ 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 r~lnge of data base 

design situations, there are probably limits as to how deE~ply involved the 

potential users can be expected to become in the design pI'ocess. 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 (if information 

needs and determination of how the information is to be collected, and 

(2) classification of data items and development of the da.ta 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; hm,'ever, Step 2 

may offer 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 



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, 
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(b) if 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 manner 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 ,~re 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 compl~ter program for 

processing the Delphi information flows associated with a data base design 

effort is described. 

Chapter 4 presents the hypotheses of the study concerl1ing cognitive 

style and participation. The chapter then describes the e:~perimenta1 

design which was used as a means of gathering the data to test these 

hypotheses. 

Chapter 5 discusses the criteria used in selecting th,a 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 discover ad between the 

participants' cognitive styles and 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 opini'~ns, 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 t:ne PFDS data 

base design process had on the attitude of the participant.s toward the 

system and their participation in its development. 

Chapter 10 presents the conclusions of the study a1on:~ with recom­

mendations as to methods for applying the Delphi technique to the area of 

data base design. Concomittant1y recommendations are presented concerning 

further research that would be beneficial in gaining additional understand­

ing of the methodology. 



CHAPTER 2. REVIEW OF THE LITERATUi.E 

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 procedures 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 buse 

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). 
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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 avoiding 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," Le. 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 is at least as much relevant 
information in n heads as there is in anyone 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 it is 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 is 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 aI, 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 drawn 

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 is 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 

"selected 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 aspect of opinion 
from the standpoint of the decision maker is 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 is the average of these correlations. 

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=ll. 

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 am<>unt" (Ref 22, 

458). 

Seven experts participated, responding to five questi.)nnaires 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 choices of target systems were quit,~ distinct, the 
only common feature being the inclusion of the steel industry in 
each. The numerical quantity being estimated showed ,:onsiderable 
convergence. The ratio between the largest and small·est response 
was about 100 to 1 on the init ial round but had droppl~d 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 separat4~ly--usually by 

questionnaire--and when communicated to other members of t;le group are 

not attributed to specific individuals. (2) Controlled fe4adback. An 

exercise is conducted in several rounds in which the opini.)ns generated 

during one round are fed back to the group on the next round, usually in 



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'lt (Ref 18, p 4). 
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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 exe~cise that should be 
pointed out. The procedure is, above all, a rapid and relatively 
efficient way to ltcream 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 mayor 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 t~ 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. In 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 
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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 pr,asent 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 'Jhat the contents 

of the data base should be. As will become clearer when t":te cognitive 

style concept is reviewed in greater detail later in this ,::hapter, 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 thiin 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 Iml~ref statistical 

aggregation of opinions,1I an extensive series of experiments has been con­

ducted at Rand. A secondary objective of these experiments was lito get 

some measure of the value of the procedures, and also to o'otain, 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 Da1key 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 b,ackground infor­
mation so they could make an informed estimate; (2) w':! wanted ques­
tions where there was a verifiable answer to check tha performance of 



individuals and groups; and (3) we wanted questions with numerical 
answers so a reasonably wide range of performance could be scaled. 
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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, 

Da1key 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." 

(I) 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 either 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 feedbac;~. This con­
dition is proposed in part by analogy with result:; from experiments 
with factual material, that is, shifts of individ:Jal responses 
toward the group response and reduction in group variability. 
More generally, if members of the group do not uti.lize 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 concerling 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 outcome 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). In 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, 
p 17). 

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. Olaf 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 using 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 
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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 proc,~ss, 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 d,~sign. 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 ,~s being a pos­

sible factor that might influence the manner in which Delphi groups should 

be structured; therefore, the next section of this review '~xamines the 

cognitive style concept. 

Cognitive Style 

Mi chael Wallach comments that "the word style has ente,red 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, 1. e. 

the design of data bases for information systems. Cognitii)e style can be 

defined, for our purposes, as the self consistent manner ill 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 styll~ 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 were referred to briefly in Chapter 1. 

Huysmans conducted a laboratory experiment in which he invl~stigated 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 op,arations researcher" 

(Ref 46, p 92). Huysmans' experiment was conducted in "tha format of a 
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business game in which one 'president' and four 'managers' made financial, 

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 illusory. 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 built up from clearly identifiable separate parts. 

It is extremely 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 environment in contrast with the decision of an analytic 

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 ref;earch done. The 
only essential difference between the versions consisted of the inclu­
sion of formulas to support the research findings when the "exp1icit­
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 operattons research 

proposal. It was also found that the heuristic and ana1yttc subjects who 

received the "integral-understanding" approach reached a higher degree of 

implementation than the heuristic subjects who received the "exp1icit­

understanding" approach. From the results of this research, Huysmans con­

cluded that 

(a) Cognitive style may operate as an effective eonstraint 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 opel=ations 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 admini:;tration of a 

paper and pencil test that was modified from Witkin's orig:lna1 Embedded 
1 Figures Test. The subject (8) "was then asked to read a s:lmp1e business 

case which was adapted from one used by Huysmans." 

1The work of Witkin and his associates, in identifying and developing 
the field independence/dependence concept, will be discuss1ad 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 (Rl or R2) of a "consul­
tant's report". Rl and R2 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 Rl contained only data tables, while the appendix of 
R2 also included all mathematical details (e.g., the regression model) 
involved in the analysis. In addition, R2 was organized with numerous 
subheadings. The style of organization of Rl was classified as ana­
lytic and, like Huysmans' explicit treatment condition, Rl contained 
formulas in the main body of the report. The style of R2 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, R2 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 availability of both graduate business students and practicing managers 

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

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 yielded 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 gr~~ater propensity 
to accept a report independent of its style. This challenges the 
validity of generalizations from the behavior of MBA utudent subjects 
to the behavior of managers a not uncommon practice in management 
research. • • • This clearly suggests a need to replieate previous 
experiments which have investigated managerial behavior using student 
subjects. Such replications should, of course, employ 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 havl~ 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 baBes for information 

systems. For example, the successful implementation of data base systems 

might be retarded by a failure to include certain categoril~s of data that 

those individuals with particular cognitive styles might pl~efer. The 

experimental effort described in this report examines this type of possi­

bility in the design of a data base for an actual organization. Managers 

from all levels within the Texas Highway Department partic:Lpated in a 

Delphi process to design the Pavement Feedback Data System (PFDS) data base, 

and the Delphi groups in which these individuals participa1:ed were struc­

tured relative to a dimension of cognitive style. Therefo:re, 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 (~oncept. 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 peoplef·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 indefinit·e. They often 
find difficulty with the block-design, picture-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 'nany of these 

attributesll(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 IIfuse,1I 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 is 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 • • • exte,nds to a wide 

variety of intellectual tasks," and "thus becomes a designa.tion for a cog­

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 Preceptiv1;l." 

'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 heu:ristics 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 prt;lcepts. Each 
mode has advantages in specific situations; equally, I:!ach 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 positionl3 the Receptor 
may be most successful in tasks such as auditing and the 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 an~ most pronounced 
in relation to planning. The model argues that 'SystE!.matic' 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 th:ls way; their 
approach is much more one of hypothesis-testing and tJdal-and-error. 
They are much more willing to jump from one method to another, to 
discard information and to be sensitive to cues that l:hey may not be 
able to identify verbally. Here again, each mode of 4avaluation has 
risks and advantages. In tasks such as production man.agement 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 informal:ion gathering 

dimension of the model, while the horizontal axjs presents the information 

evaluation dimension. A particular cognitive style is def:lned by the quadrant 

in which the individual's style falls, e.g. Systematic-Recl~ptive or Intuitive­

Preceptive. 

Keen discusses the impact that cognitive style researc:h 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 taxonomy 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." If 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; lithe 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 ca.n 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. 



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 
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and opinion type of material. The experiments also show that the intro­

duction of iteration 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 is 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 in 

the development of information systems were examined. The seminal work of 

Witkin and his associates 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 

Delphi process in the development of a Delphi 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 is 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 is 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. It 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 

system 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. HO'iiever, 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 infor:lIlB.tion 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. Al though these i te:lJl.s 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/in2, 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 is 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 iteratioills of the Delphi 

process, these importance ratings are repeatedly fed back t<> 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 pro<cess. 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 (THO) 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 itelns 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 the potential 

suppliers' resentment toward the imposition of an additional work load. It 

should be considerably easier for the supplier to accept sueh 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 detenlining 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. Thifl 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 Delphi 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 this 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 questions were raised 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 

available 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 is 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 experfment are discussed along with some general suggestions in order 

to illustrate 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 

rapidly 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 

(TTl) 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 is 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 cO:lI1pleted 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 p:ms data base 

design project is included in Appendix A. Because of the gl!ographically 

dispersed locations of the THD District offices, 25 separat.! presentations 

were required in the PFDS case. The PFDS presentations wer.! 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 data 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 

Ij~l 
i i 

Ai 
I. E. 

= J J 

Ij~l E~ J 

where: individual j's importance 
rating for item i. 

individual j's self 
appraisa:L of his expertise 
in regard to item 1. 

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' II movement toward 

convergence was obtained, after each iteration, from the variance of the 

individual importance ratings about the average importance rating. That is 

n 
I (Ai _ I~)2 

j=l J 
= n-l 

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 Ai and a low variance of Ii 
i j 

about A , 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 to process the 

information flows for the PFDS data base design project, it was not used. 

All data items were returned to the PFDS participants untiJ~ 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 in:Eormation 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 rl!quired, is 

included in Appendix B. The program requires as input the master list of 

data item descriptors, that was previously discussed, and :lnput from each 

of the participants on each of the data items. The progrm~ 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 participantB, each original 

data item descriptor is assigned a unique item number; and a file, which 

comprises the master list of data item descriptors, is devEdoped. The 

participants' data, which consists of an importance rating" an expertise 

rating, and a who supplies code, can then be entered in tel~S of an item 

number. After all of the initial input forms have been reeeived, 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 presents 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 from the group is 

mailed to each participant in the group who then indicates any disagreement 

he may have, regarding any piece of information, directly em the printout. 

A sample copy of a Delphi cODDIlunication 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 participaIlt's input to the 

second iteration. When the participant first receives the printout there 



RORERT J. ~U~PMY 
SUPERVISING CESIGN ENGINEER 
TEXAS MIr,H~AY OEPARrMENT 
11 TH ANO SR AZOS 
AUSTIN, TEXAS 78701 

DELPHI COMMUNICATION 
PLEASE RETURN WITHIN FIVE D~YS 

INDIVIDUAL NUMeER 1 ITERATION NUMBER 1 

IHPORT"NCE EXPERTISE WHO 
HEN RATING RATING SUPPLIES DATA ITEM DESCRIPTOR 

,.UMBER (0.0 TO 5.0) (0.3 TO 5.0) (CODE) (60 LETTERS AND EMSEDDED BLANKS) 

IS leO .3 10 NUMBER OF LANES 

6 3.2 1.0 10 LANE WIDTH 

4.5 Z.o 10 SUBGRADE SOIL TYPE 

12 S.o Z.7 5 ANNUAL AVEQAGE RAINFALL 

14 4.0 2.3 5 ANNUAL AVERABE TEMPERATURE 

15 ~4.Z 2.5 10 MATEAIAL TYPE FOR EA LAYER 

lit 4.5 2.5 10 LAYER NUMBER 

1'1 le5 Z.o -H-a COST Of SUSGRADE PHEPAR_TIOH/LANE MILE 

4.0 3.0 JO La.yl!r Thl<:.ltne.s$ 

Fig 6. Sample Delphi communication. 
V1 
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are normally blank spaces in the expertise column. This in.dicates 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 

ratings are the individual's expertise ratings, the importa.nce ratings and 

the who supplies codes reflect a group average. The partic.ipant may indi­

cate his disagreement with the group on any piece of inforn~tion 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 lettE!rs and allows 

all corrections to be made directly on the printout. As e~Lch iteration is 

processed, the participants' unmodified input for the Succ~E!ding 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, tt 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 probJ.em, the code 

required for the packing and unpacking operations is relatj~vely 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 randonLy selected from 

the larger group. The control group attended only the firl;t 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 

groups 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 is 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 is 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 longer 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 
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groups were structured relative to cognitive style. The sJLgnificance 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 dHficulty what­

soever in supplying and evaluating the information that waH 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 wUh which the 

printouts were returned. Since the participants were requested to return 

the printout within five days of receipt, it had been initj~ally estimated 

that only two weeks would be necessary to complete an iterntion instead of 

the four weeks actually required. Data was kept regarding the speed with 

which the printouts were returned, and an interesting relationship 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 returned 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:Lon of the poten­

tial users in the PFDS project according to their function in the THO, 

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 relati,re 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; houever, 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 assw~ption 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 me~m. 

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 criteria 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. 



58 

Summary 

It was found in the application of a Delphi methodolol~y to the design 

of the PFDS data base that the potential users of the systl!m 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 :lmportant, 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 wore 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 averclges, 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 imp8,rting the 

philosophy behind the Delphi methodology for data base desi.gn, 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 resea.rch 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 decisions 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 ts significantly 

different from the design obtained by groups with siDlilar cognitive 

style scores but higher attitude scores. In other w{Irds, 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 presentE~d 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 toc,k part in the PFDS 

proj ect. The initial selection of the participants was ac:complished 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 spElcified 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 (TTl). 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 THO, CFHR, and 

TTl, 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 TTl, 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 proeess 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 proceduren 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 WE!re 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 rE!quested to comPlete 

these forms and return them to the administrator within fi,re days, if pos­

sible. This request was an attempt to assure everyone, from all of the 25 

separate presentations, approximately the same amount of ttme on each itera­

tion of the project. 

A final precaution was taken at the end of the presentation. As is 

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 interactic.n took place 

only through the Delphi medium, but it was also used to matntain the integri~ 

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 (8'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. Out 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--G10bal. 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 ~'ithin each of 

the five primary groups. This procedure resulted in the fc'rmation 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 apprc1ximately 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 DE~lphi 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 Delphi groups was E~stablished 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 on 

the right expressed the individuals's position in his Delphi group, while 

the digit or digits to the left of the right most digit idE~ntified 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 parttcipants in the 

extra group were assigned individual numbers 210 through 2J.7, and the 27 

subjects in the first control group were assigned individwll numbers 501 

through 527. The individual numbers for the various primary groups appear 

on the boxes indicating these groups in Figure 7. 
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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 anyone 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 b~ 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 pre~fer in the output 

from the system. The fact that the cognitive style score ~rou1d also be 

used as a basis for assignment to Delphi groups was not merltioned, 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 cogn:l.tive style phase 

of the experiment. In addition, further mitigation of posElible reactive 

effects was felt to take place as a result of the Delphi mE~thodology. The 

Delphi requirement of having to agree as a group is believE!d to suppress 

some of the reactive tendencies that might be found when dE!aling with indi­

viduals. It 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 D~y 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 cognil:ive style effect 

in the experiment. It was anticipated that a few complaints might be 

registered by partic.ipants 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 in assigning participants to Delphi 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 S. 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 instrwnent. 

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 purposE!S 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 seleeting a cognitive 

style dimension and its associated instrument for use in the PFDS project. 

First, it was considered essential that the instrument be (:onsistent with 

the nature of the task that the participants were being asked to perform, 

i.e. articulate data items used in their decision making eJtperience. 

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 be:lng 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 vc!rsion of the 

original written test which was used by Witkin to determin4! a subject's 

ability to overcome an embedding contest. Educational Tes1:ing Service's 

designation adapted vel'sion indicates that the test is "paJ'»aUeZ with the 

original test" (Ref 37, p 4), i.e. within measurement errOlr measures the 

same variable. The work of Witkin and his associates, on 1:he field 

dependence-field independence concept, represents the first and most 

extensive body of research in the cognitive style field. ~rhe concept has 

been examined in depth and widely reported in the literatu:re. In this work 

Witkin has shown that the ability "to keep an item separatl! 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 abUity 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 unst:ructured context, 

it was concluded that the HFT adequately meets the first c't'iterion. 

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 is 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 
S = R --4 

where S 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 D. 

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 anyone 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 measUl:-ed with the atti­

tude scale. These attitude scores were found to be signif:lcantly 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 th,~ subjects are 

required to select anyone of five categories: strongly d:lsagree, disagree, 

uncertain, agree, or strongly agree to express their 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 ,~qual classes of 

statements differentiated into favorable and unfavorable categories since 

"attitudes are learned predispositions to respond to a psyehological object 

in a favorable or unfavorable way" (Ref 35, p 257). These categories are 

weighted such that the most favorable attitude will always have the highest 

positive value. In 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 statementn 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." In 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 PFOS attitude scale, it was 

first necessary to gain a clear conception of the attitude variable toward 

which the PFOS 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 is 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 

PFOS 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. In 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 associated 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 fr<:)m 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 th'E! possibility of 

the subjects developing a response set to the questionnair,e. After the 

statements were suitably reworded, their order of appearan,c:e 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 s,election of state­

ments with the highest factor loadings from a previously wl1idated 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 cr .. de approximation 

of validity and reliability was obtained by having a group of ten subjects 

adopt an attitude set toward PFDS before completing the qUlestionnaire. Five 

of the subjects were instructed to adopt a favorable attit\lde 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 th.!t 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 adlninistering 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 is 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 (pI) is given for a scale that is ntimes longer than 

the original scale by the formula 

pI _ np 
- 1 + (n-l)p 

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 pI = .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 intePnal consistency reliability estimate was obtained 

from the results of administering the scale to the test group of 24 subjects 

by the widely used Cronbach a method (Ref 84, p 89). In this method the 

reliability estimate a is calculated from the formula: 
n 

L 0 2 

a = ~[l_i=ll 
n-l 2 o 

x 

where n is the number of items in the scale, L OI 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 est:lmate 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 yielded all a of .91. 

Since the Cronbach a 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. 

Swmnary 

The selection of an appropriate cognitive style dimen:3ion and its 

associated measurement instrument(s) was limited to those eognitive style 

concepts that have been reported in the literature and are widely recognized 

and accepted by workers in the field. The first and most I:!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 us,:!d in measuring 

this concept, was selected for numerically assessing the p,uticipants' 

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 De:dgn. 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 discussed 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. lie must then 

restructure the elements he has identified in order to prenent 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 'ias conducted in 

Chapter 2, it was shown that Witkin and his associates have found the 

global individual to be less adept at overcoming a dominan1: organization in 

his attempts to identify relevant discrete items within a f~omplex field. 

In addition, the global individual has also been found to be 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, wh:Lch he usually 

perceives 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 fonn 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 ill 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 Intuitive, are unable 

to reconstruct the steps they follow in arriving at proble'lIl solutions 

because these steps are unknown to them. Therefore, Keen feels that the 



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 
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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 ~ • .0005 level. Therefore, 

the coefficient of determination (r2) equals .053, which indicates 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 determinatiQn is not only 

small, but as in all correlational analysis there is no fi'~ evidence to 

support an inference that cognitive style accounts for evel~ this small 

common factor that was found between the participants' performances on 

the HFT and their submittal of data items. For example, olle rival hypoth­

esis, although it is not viewed by this writer as being hi:~hly plausible, 

might be that intelligence accounts for both the HFT and d.~ta item sub­

mittal performances. Even though no attempt was made to ,:ontrol for IQ 

in the experiment, the credibility of this rival hypothesi:g is in doubt 

because all participants in the project held responsible pl)sitions and were 

selected with regard for their ability. However, the fact remains, it is 

conceivable that some plausible rival hypothesis may accoullt for the common 

factor that was found. The significant positive correlati.)n between HFT 

scores 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 perspect:Lve of what could 

be expected, the findings take on an added significance fo:r the PFDS cog­

nitive style research effort. There are many probable sou:rces, other than 

cognitive style, effecting the variance in the participant:i' submittal of 

data items. The amount of time each participant has avail.~ble 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 intimatl!ly 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 is 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 Delphi methodology for data base 

design, from these tests. 



!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
"#$%!&'()!*)&+',)%!'-!$-.)-.$/-'++0!1+'-2!&'()!$-!.#)!/*$($-'+3!

44!5"6!7$1*'*0!8$($.$9'.$/-!")':!



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 analytical 

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 $peculations, 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-
1 tion both the length and content aspects of the designs being tested. 

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 or more 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 (t i ), the importance rating of the ith item (Ai) was con­

sidered to be zero for those groups that did not have the ith data item in 

lThe 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 G[ki) could be calculated: 

n 

= L 
j=l 

and then 

'" S­
D 

where: 

where: 

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

k=l or 2, designating which 
of the t\iTO treatments in 
the pair-'wise comparison 
is under consideration. 

s-D 

n 

jI
l 
(~i - ~i)2 

the 
n

k 

sample variance. 

= nl = n2 = 4, the four 
replications in each 
PFDS treatment. 

The ti 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 one or more of 

the eight groups, was significant. Since the ti 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 s'tatistic would not result in the 

cancellation of the differences existing between treatment~l. Squaring 

the ti ratio eliminated this contingency; and it was then possible to sum 

the tt 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. 

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. 

In addition t
2 

equals F; therefore, assuming the ti to be uncorrelated, the 

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
I

,V
2
)]} and 

N{V[F(VI ,V2)]} respectively. Furthermore, the expected value of F is 

known to be 
V

2 = ----v -2 
2 

and the variance of F is given by 

2v2 (V + v - 2) 
2 I 2 V[F(VI ,V2)] = 2 

vl (v2-2) (v2-4) 

Thus, it was possible to test 

Z = 
S - N{E[F(V

I
,v

2
)]} 

N{V[F(V
I

,v
2
)]} 

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 remainB of whether or 

not two, three, or even four groups should be required to have conside'red 

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 proceSB, was approached 

by conducting a sensitivity analysis in which the number o:E groups required 

to intersect an item was varied. The sensitivity analysis not only pro­

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 :;>resented. 

PFDS Experimental Results 

The statistical procedure outlined above was applied to the data base 

designs achieved by the five primary PFDS groups. Each pO:3sible pair­

wise comparison in the set of five primary groups was perf,)rmed; 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 .a.nd respective 

restrictions that at least one, two, and three of the eight Delphi groups 

involved in a comparison had to have considered a particul,ar 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 



Group vs. 

Global 

Global 

Global 

Global 

Mixed 

Mixed 

Mixed 

Analytical 

Analytical 

Attitude 

TABLE 1. COMPARISON OF DELPHI DESIGNS 
AT LEAST 1 GROUP PER ITEM 

Number of 
Group Data Items Z Score 

Mixed 502 5.184 

Analytical 617 1.907 

Attitude 500 -2.432 

Control 813 15.185 

Analytical 666 -1.171 

Attitude 565 -2.547 

Control 852 10.135 

Attitude 676 .171 

Control 938 -2.279 

Control 868 -1. 733 
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.000005 

.05 

.000005 

.000005 
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TABLE 2. COMPARISON OF DELPHI DESIGNS 
AT LEAST 2 GROUPS PER ITEM 

Group vs. Group 
Number of 
Data Items Z Scorl~ 

Global Mixed 208 11.093 

Global Analytical 272 5.991 

Global Attitude 206 -.736 

Global Control 289 30.064 

Mixed Analytical 300 1.405 

Mixed Attitude 242 -.797 

Mixed Control 346 19.960 

Analytical Attitude 308 3.379 

Analytical Control 389 .611 

Attitude Control 326 1.647 

.000005 

.000005 

.000005 

.1 

.000005 

.0005 

.05 
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Global 

Global 

Global 

Global 

Mixed 

Mixed 

Mixed 

Analytical 

Analytical 

Attitude 

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

VS. Group 

Mixed 

Analytical 

Attitude 

Control 

Analytical 

Attitude 

Control 

Attitude 

Control 

Control 

Number of 
Data Items 

112 

144 

113 

159 

182 

146 

186 

168 

227 

179 

Z Score 

15.702 

7.154 

-.807 

39.790 

2.098 

-.276 

27.457 

4.142 

1.150 

1.997 

93 

.000005 

.000005 

.000005 

.025 

.000005 

.00005 

.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 simu1taneou::;ly 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 tab11!s. As expected, 

the Analytical-Control comparison is based on a larger numher of joint 

items (938) than the Global-Mixed comparison (502). The role that content 

plays in the statistical procedure is indicated by the fac1: that the 

number of joint items is approximately the same for the Global-Mixed (502) 

and Global-Attitude (500) comparisons; however, the G10ba1--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 is increased from one 

to three. These factors all tend to indicate that the statistical pro­

cedure functions as intended. 

Unfortunately, it is impossible to conclude from the Bensitivity 

analysis exactly what the optimum number of required groupB should be; 

nevertheless, the sensitivity study does provide a framework for the 

discussion of the results. The sensitivity information is used, in the 

next two sections, to discuss the changes that occur in thE! comparisons as 

the number of groups required is altered. 

Co~itive 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, whtch present the 

results of the statistical tests, provide an indication as to whether or 

not the null hypothesis should be rej ected in favor of Hypclthesis 2. 

There are three pair-wise comparisons--G10ba1-Mixed, Global-Analytical, 

and Mixed-Analytica1--in the tables, that are relevant to the problem of 

determining what influence cognitive style might have had 1.n the data base 

designs. A review of the three comparisons across the thrE~e 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 I 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 a = .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. 
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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 



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 
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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 cOlIDIlunication 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 return 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 Bubmission 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 t score indicates that the group on the right tn 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 lnitial 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 of 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 individuals; 

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 

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 lneans as signifi­

cant, also exist in the Global, Mixed, and Analytical vs. ,~ttitude compari­

sons. This probably indicates that the homogeneous cognitive style 

grouping is more supportive or at least less frustrating til the Delphi 

participants than a grouping that requires the participant.:; 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 styll~ effect that was 

found in the data base designs. This cross-validation wit::l 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 bet11leen 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 l: 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 sensitiv:!.ty 

analysis that incorporated three variations of a primary a:;sumption under­

lying the procedure. The results of comparing the data ba:;e designs 

achieved by the cognitive style groups were discussed, and it was con­

cluded that the results lend a great deal of support to thl~ theory that 

cognitive style is a factor that must be dealt with in information system 

design. The results of comparing the data base designs acllieved by the 



101 

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 problem 

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 is 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 reco~nend the use of 

multiple Delphi groups in those situations where it is des:lrable to examine 

the effects of experimental variables on the resulting data base designs. 

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 utllized in the 

PFDS project is reconnnended 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 list. 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 



105 

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 Base Thickness-Shoulder, as being more impor­

tant than items 420 and 424, Base Thickness and Flex Base-Depth. In 

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 is 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 llsed 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 nwneric characters. The process of compiling this port:lon 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 group:,. 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 relat,ed 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 ele<ments. 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. On 

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 succE:ssful involve­

ment of a large number of the potential users of PFDS illustrates that 

the Delphi process may be a method for effectively impleme:nting the 



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 
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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 (THO). 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 consid~~rations 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 d,~gree 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 r,eview of some 

of the more salient cost and benefit considerations may assist a potential 

app1ier 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 reapportionment of the 

resources normally expended in the implementation of a data base system 

which happen to be approximately the same as the resource!';. listed above. 

The basis for this opinion derives from the belief that the resources 

expended in the Delphi effort can be recovered during the training phase 

associated 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 Delphi 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. In 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~ 

ual'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 ex'plained 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 selec.ted groups. 

Furthermore, the administrator of the Delphi process observed 

several phenomenon, during the course of the PFDS experime!n.t, 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 



120) can be found in Appendix C. In 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. In 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 
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that were available, it appeared that the global types were probably more 

free and creative in their expression of data items while the analytical 

~ypes 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 be 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 \rerify the exis­

tence of the participative effect in the PFDS project are discussed in 

the next chapter. The observations of the administrator ~lere reported 

here in order that the reader might gain a better appreciation of the 

attitude change that took place during the PFDS project. 

Summary 

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 t~t 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. It 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. In fact 

the two classes of benefits appear to be inextricably 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 SYBtem.. 

The participative approach is particularly well suited to sit.uations 

in which the solution alternatives are approximately of equal quality, 

and the participants are qualified because of their educatIon and/or 

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. In a data base there are many sets 

of data elements that would be of approximately equal value, 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 is the 

degree to which the system is used; and it is 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. In 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 of a two-tailed test even though 

the hypothesis was stated in the form of a one-tail test. 

The results of the t 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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Group 

First Control 

Entire Delphi 

Global 

Mixed 

Analytical 

Attitude 

Second Control 

TABLE 6. ATTITUDE CHANGE 

Mean 
Pre-Att 

66.15 

64.01 

67.05 

69.32 

67.97 

50.92 

63.86 

Mean 
Post-Att 

62.85 

65.54 

68.80 

68.72 

66.62 

59.54 

63.46 

Att 
Differeo:e 

-3.30 

1.53 

1. 75 

-.60 

-1.35 

8.62 

-.40 

.05 

.05 

.1 

.0005 
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Discussion of the Results 

The First Control group was included as a precautionary measure to 

assure 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. In order to resolve the possible discrepancy, a t 

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 extraneous variables between 
the two administrations of the attitude scale; 

(2) a feeling of rejection on the part of the control 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 Delphi 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 measure, it was noted whether or not an individ­

ual's list 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 com:nents were received from global 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 comments were received 

from any of the other participants, either in the Global group or the 

other groups. This information is not unexpected, and whEm it is coupled 

with the Global group's attitude improvement and the findlngs 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 appears to be especj~ally 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. In 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 is 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. 
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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 I repeated conunents that the redundan,~y 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 participant.s 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 c.esigns 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 j.ndividual 
appears ta function better in a group composed solely of other 
global types. 

Furthermore» it was concluded that, in addition to b~~ing a viable 

method for data base design, the Delphi process provides un 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. In 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 dynamic 

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 

methodology 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. In 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 traditional 

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 achieved, 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 resea.rch 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 ver:lfied 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 whlch 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 



129 

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 

system. 
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APPENDIX A 

INSTRUCTIONS FOR PFDS DATA BASE DESIGN PROJECT 



!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
"#$%!&'()!*)&+',)%!'-!$-.)-.$/-'++0!1+'-2!&'()!$-!.#)!/*$($-'+3!

44!5"6!7$1*'*0!8$($.$9'.$/-!")':!



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 Da.ta 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 is 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 

133 



134 

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 

III. 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, if 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 respOl1ses. 

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 THO, 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 cont.ains 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 1s conceivable that 

you may want to bring a certain item to the attention of t.he 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 opiniorl 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 ntmber between these 

extreme values. The following verbal descriptions are gi'l;ren as examples to 

assist you in determining where you stand in regard to thEl importance of the 

data items. 

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. 
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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 Working 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. In 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: Robet"C J. Muse"¥ 
Page f of 1 

Importance Expertise Who 
rating rating supplies Data Item Descriptor 

(0.0 to 5.0) (0.0 to 5.0) (code) (60 letters and embedded spaces) 

2.0 0.3 .10 N'umbe-r 0,1' L al1es 

3.0 L.O 10 Lane wjdth 

2.8 2.5 10 Macer/a/ T'{'pe -Fo'(' ea.. La'le'!" 

.3.5 2.5 10 La'-{er Number 

I 

Fig 1. Sample Initial Input Form. 
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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-IO 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 
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Subsequent Iterations 

After the initial data items have been submitted, all subsequent 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 cont2.ins 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 to 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 c:hange 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 output. A similar tech­

nique is used to distinguish your preference between two VE!ry similar data 

items with differently worded descriptors. When essentiaHy the same data 

item is described by two or more different descriptors, aS8ign your regular 

importance rating to the item with the descriptor which YOlL 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 prin ted 

list. In Figure 2, Layer Thickness, as well as the other information required, 

has been added before returning the fom for the second itE!ration. 

The Importance Rating now reflec ts the group I 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 importllnce 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 



AOREAT J. ~U~PHY 
SUPERVISING DESIGN ENGINEER 
TEXAS MIr,H-AY CEPARrMENT 
11 TH ANo SRlZOS 
AUSTIN, T·EXAS 7elOI 

INDIVIDUAL NUMBER 1 ITEAATIO~ NUNSER 1 

IHPORTANCE E)CPERTISE WHO 
ITEM RATING RATING SUPPLIES 

nUMBER (0.0 TO 5.0) (0. S TO 5.0) (CODE) 

IJ 3.0 .3 10 

6 3.2 1.0 10 

9 4.5 Z.o 10 

12 5.0 2.7 5 

14 4.0 2.3 5 

15 ....;.,..I)-4. Z 2.5 10 

16 4.5 2.5 10 

17 1-5 Z.o -H-8 
4.0 3.0 La 

DELPHI COMMUNICATION 
PLEASE RETURN ~ITHIH FIVE DAYS 

DATA ITEM DESCRIPTOR 
(60 LETTERS AND EMBEDDED BLANKS) 

NUMBER OF LANES 

LANE WIDTH 

SUBGRAOE SOIL TYPE 

ANNUAL AVERAGE RAINFALL 

ANNUAL AVERAOE TEMPERATURE 

MATERIAL TYPE FOR EA LAYER 

LAYER NUMBER 

COST OF SUSGRADE PREPARlTIOH/LANE MILE 

La.yer TlllcJtne. $S 

Fig 2. Sample Delphi Communication. 
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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 particu1a]~ data item. It is 

possible that some participant may introduce a data item, uhich 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 revisl~d estimate out to 

the right. Changes in your expertise rating are discouragl~d 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. In 

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 '\Yith 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 ~le 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 inforn~tion will be supplied to the group on the 

next iteration. 

S~ary 

For the Initial Input: 

(a) 

~) 

(c) 

Specify a descriptor for each data 

Assign an importance rating to the 
scale. 

Assign your expertise rating using 

item you wish to enter. 

item using the 0.0 to 5.0 

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. 

If 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 

476-5708 
Tex-An 
821-4433 
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000002 

000002 
000002 
000002 

000002 
000010 
000012 
000044 
0.00047 
000051 
000054 
000064 
000067 
000071 
000075 
000075 
000076 

000076 
000117 
000137 
000142 
000142 
000144 

00(1146 
000150 
000160 
000161 
000161 
000161 
000164t 
000164 
000165 
000166 

000167 
000171 
000212 
000215 
000220 
000221 

000301 
000303 
000307 
000312 

C 
C 
C 

C 
C 
C 

1001 

1 
1002 

99q9 
1000 

q9 
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PPOGRAM OEL~Hl IINPIJT,OUTPUT,PUNCH'AUO~,TAPE~eINPUT,TA~EI-AUUH,IAP 
lE2) 

OJ Mf:NS I ON I NU I V (] 1) ,NM It II , TV 1111 , I WS (} 350,2) ,A 11350,5) ,A 1 (1350) ,v 
1 AR I 1 35 n) ,R IA ( 13S0) 'FHA I] 3Ci 0) 'JITM (5) 'Fl R I ~) ,FER (5) ,11 WI 5) ,HPU 15) ,E 
2pIIIC;) ,IWPUIS) tlTMpUIS) 
I~lEGER RIIljSO'~)'fRI135~'~)'AUORI11,14t),PACKCI14) 
I~T£GER IFIL~(21) 

DATA IFILE/2LF1'2LF?,2LF3,2lF4,2LF5,2L~6,2LF7'2LF8,2LF9,3LF10,3LFt 
1I,3LF12.3LFIJ,3LF14.3LF1S.3IF16,3LF17,3LF1H'lLF19,3LF20,3LF211 

READ CAROS FHOM FILE ADDR 

REAl) 11,200) IIIITM 
llO 1 1-1,1111 TM 
RFAf') 110103) KEY,ll.RLNI(,AX,AY,IAlltJ) ,Je1,5) ,AI III ,AI 
IF Ill.GT.O) GO TO 1001 
IF IEOFtI) ~'i99tl 

COllllIMJE 
RF.AI) 11.103) KEY,n 
IF III.GT.O) GO TO 1002 
IF IEOF,lI 9'1,999q 
PRINT 1000 
FORMAT 11~1,ewHONG NUMRFR OF ITE~S ON ~ILl ADORe) 
GO TO 999 
CONTtt-:UE 

READ INPUT 

READ 101,COM'INDIVI'1)'RL~I<,IAOURI11'J),J=1,t4) 
90 HFAO 100,~G~~.NI'NITF.R,rOpT,HIHl,VHLU 

IF IEOF.S) 'i'lchQ1 
91 CONTI"'UF.: 

HEwiND 2 
ITRPU-NITEW·1 

C ZERO ALL VARIABLES 
00 3 l-lt13S0 
00 2 J-l,2 
lWSlItJ)=O 
RrU,J)-n 
ERII,J)·O 

~ CONT,foIUF 
VARCI)_O.O 
RJAUhO.O 
ERAII)·O.O 

3 CONTINUE 
C HEAO NA~E ANU AQURESS CARnS fOR TH~ GROUP 

DO 4 I-l,NI 
READ 101,COM'INDIVII),BLNK'IAODHII'J),~-1'14) 

4 CONTII'IIIF. 
PRINT 154 
1-1 . 

S HEAD 104,IN,lT~,JITM(1),F,RI11,FER(1),11Wl1)tJITM(2),FIR(2),FEH(2) 
1,IIW(2),JITM(3),FIRI))'FERI)),IIWI3)'J1TM(4),FIR(4),FEH(4),llwl4t), 
2JITMIS),FIHI5),FERI~),IIWI5) 

IF IIN.EQ.99~) 60 TO 8 
ft IF UN.NE.INUIVCI)) I-h1 

IF II.LE.NI) GO TO 7 
PRINT lOS 



148 

000315 
001)316 

000377 
000402 
000404 
00C404 
000406 
000407 
Oon413 
000416 
000421 
000422 
000423 
000427 
000433 
000434 
000436 
000444 
000445 
000446 
000450 
000451 
000455 
000457 
0(1)460 
000465 
001)466 
1)00467 
000472 
OOoSOI 
00(1503 
000S05 
000506 
000510 
000512 
0005111 
001'1516 
OOOSi'O 
00052Z 
000524 
000526 
000531 
000531 

000531 
000532 
000534 
000536 
000540 
000540 
000544 
000545 
000556 
000557 

C 
C 
C 

GO TO QQ9 
7 P~JNl )56,lN'11~'JITMC1)'FIP(I)'FE~Cl)'lJ.(1)tJJTMC2)tFlRC2),f~H(2) 

Il.IIW(?),JJTMI3),F1 RI 3l ,FFHI3',J1WC)"JITM(4"FIRI4',FEH(4',JlwI4) 
2,JITM(5),Fl~15),fERC5"IJWC~) . 

J"'1=1"'/10 
I~}=I"'l·lO 
JY=1N"lt.ll 
JZeY""·lNl+l 
1)1:1 
IF (Jl.GT.!)l 1lI.=2 
JF (I).GT.}) Jl~JZ-5 
IF (IX.GT.I) JYcJY.~ 
JA=J2°2 
JBsJY·~ 
JPl=10*oJA 
JP2aIO**JB 
IKCaJY*2 
17C-\ 

1007 IF IJITMIIlC,.EQ.o) GO TO 5 
ITEMsJ JTM (J lC I 
R=ftPlIlC' 
E.-fERtIle) 
Illi e llwl12C) 
JRC.~IIITEM,l~)/JPl 

J~C.JHC·JPl 
JRsRI(tT£M,IX)-JMC 
JIOaJR/JPl 
JF (J~.F.U.O) GO TO 11'08 
PC=UC+l 
IF (llC,GT,S) GO TO ~ 
Gf: TO 11'107 

100R R1A(JTEM)sRIAIITEM)+P*E 
ERACITEM}.l~AIITEM)+f. 

IFfsP*ln.o 
JE=E*10.0 
IKe 110**II(C) *[R 
H.= ClO**IKC'*tE 
l"'II:CIO··IKCI*Iw 
RtCITEM.I)-HJIITEM.'X)+I~ 
ERCITEM.IX).l~IITEM.IX)+lL 
IWSCITEM,IX)·twSIITF.M,IX)+lM 
nC=IZC+1 
IF (ItC.GT,:!!) GO TO s; 
GO TO 1007 

8 CONTINUE 

CALCULATE IMPOHTANCF. RATI,."G,VARIANCE, AND WHO SUPPLIES 

IT"'C:lO 
00 14 IsI,NIT'" 
IF CEHA{I).Lt.O.O, GO TO Q 

RIA(I)·RIACIJ/ERA(J) 
9 CONTI~UE 

IF (RIACI'.GT.O.O, ITMC.ITHC+l 
SQ.~.O . 
00 11 KllhNI 
1"'·INDI\fCK) 
Un-IN/IO 



000563 
000564 
000566 
00ft566 
000571 
000574 
000575 
001)601 
000605 
000610 
000612 
000614 
/)0061 S 
0(1)616 
000620 
000624 
000627 
000632 
000634 
000637 
000637 
000642 
000647 
000650 
0006S1 
000664 
(01)665 
000670 
000674 
000674 
000676 
000703 
000705 
000706 
000707 
000710 
000713 

0007)5 
0007~3 
000724 
000125 
000 726 
0007'0 
000731 
000731 
000733 
000741 
00-oH3 
000744 
000145 
000753 
000753 
000757 
000760 
000762 

e 
c 
c 

l"l=It..l*U 
Jl=IIII-tNl·l 
U=1 
IF CJl.GT.~) Ihi' 
IF (11I..GT,1) JZ::JZ"'C; 
Jf,.=.JZ*Z 
JP::IO·*JA 
JRC=RIC1,llI.'/JP 
JTW=TIIISCI.IX.)/JP 
JRC=JFlC*JP 
Jhl=JIW*JP 
JRa::IolI C t .IX) ·J~C 
Jw= IWS« 1. PI) -Jlw 
JRa::(JZ-l'*i:! 
Jf)cln**JH 
JR=JR/JP 
J\II=JIII/JP 
H=JR/ln.n 
SQ=SQ·CR-RIA(ll,**c 
tVCK)=JW 

1] CONTlI\iUf: 
Vf,.HCI)=SQ/(N!-l) 
DO 12 L=ltNI 
N..-CU=O 
00 12 M=l,NJ 
IF CIVCL).EI.I.n) GO TO Ii' 
IF (IVCL).l~.lvCM» N~CL)=NMCL).1 

12 CONTIl\illE 
LTSTal 
N"'TST=-1 
DO 13 L=t,Nr 
IF CN~TST.GE.NMCL» GO TO l' 
NfIoIITST=NMCL) 
L TSTaL 

13 CONTINur 
IWSCI'1)=tVCLTST) 

14 CONTINUE 

SOHT IMPORTANCE HATTNG 

DO It; 18=1 ,Nl 1M 
IwSCI8,~)=IH 
E,C/A C HI) aRIA C HU 

1'5 CONTIt..UE 
KC=10**4 
DO 11 IC-hNlTM 
IG=IC 
l~AX.-(h 1 
00 16 rn=IG,NITM 
IF CEHAIIOI.LE.ZMAXI GO Tn ,6 
Z'-AX.ERA C In) 
JOllIO 

16 CONTrlloUE 
IP·IWSCIC.2) 
IQ=IWSIJD.2'/KC 
lQaIQ*KC 
IQ·IIIIISIJO,2J-IQ)*Kr. 
IIilSCICt2)alw~(IC.2).'Q 
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150 

oon763 
000764 
000766 
001)771 
001)775 
000717 
001005 
001010 

001011 
001011 
001013 
0010;-0 
00\034 
001040 
001042 
001043 
00\046 
001051 
001052 
001052 
001054 
001061 
00\065 
001066 
001114 

001117 
001126 
001127 
001130 
on1131 
001132 
001140 
001144 
001146 
001156 
001162 
001164 
001166 
001171 
001172 
001173 
001174 
001200 
001206 
001206 
001212 
001215 
001217 
001217 
001221 
001225 

c 
C 
C 

t: 

i:,RAIJOI-EFiACICI 
ERACICI_ZMAA 
t~SCJO.?I=Iw~CJn'?I/Kr 
t~SCJO.;-I-'lwSCJU.21*KCI·tP 

11 CONTIIliUE 
00 47 IV-I.NI TM 
IWSCIYt?I-I.~CIY.?I/KC 

47 CONTltIIUE 

PRINT OUTPUT RANKED ON IMPORlANCE 

IPP-1 
IlINE-? 
PRINT 210.1PP 
PRINT 506.NI1Ew.INDTVCll.TNOlVINII.ITMC 
plo'IJNT 600 
DO 2n J=1.N1TM 
lO-lwSCJ.21 
IF HUA(IOI.LE.O.OI GO TO 2n 
IF CILINE.Gl.l1l GO TO IB 
ILINE-ILltlit:+l 
GO TO 19 

I~ IPPlliIPP.l 
PRINT 210.tiol .. 
PRINT "on 
lUNE:) 

19 PRINT 102.10.wIACIUI.VAqCTUI.lwSCtU.11.C~CIU.IAI.IA_I.~I.AIClUI 
21'1 CONTlllillE 

C PRINT OUTPUT FOR PARTICIPANTS 
C 
C PRINT AIl"4II11ISTIHTOR COPy 

00 21 1=1.14 
PACKC 1 T I sAntlH e 11. I I 

21 CONTT!\jUr!' 
IPP:'1 
ILINE::II#I 
PRINT 210.1101,", 
PRINT 106 
C~LL PLIN[CPACKCI 
PRINT 306,INOlvell.NTTER 
PRtNT 406 
00 2b J-l.Ntlfol 
I"-INOIvell 
11111-11\;/10 
IN1=1"1*\0 
Jl-IN-TNl+l 
IX-I 
IF CJL.GT.S) IXa2 
IF IIX.GT.l) JL.~Z·~ 
JAItJZ*? 
JP-IO**JA 
JE'ItERIJ.IXI/~P 

JE-JE*JP 
JE-EReJ.IXI-~E 
JB.CJl·l~*2 
JPlltO**,JH 
JF.IIJE/JP 



001230 
OD1232 
001216 
001240 
001250 
001Z54 
001255 
001255 
001257 
001264 
001270 
001271 
001272 
001320 
001321 
001345 
001350 
001352 
01)1354 
001357 
001360 
001364 
001365 

001367 
001370 
001377 
1)01400 
001402 
001404 
001407 
001410 
001412 
001413 
001416 
001421 
001422 
001 426 
001430 
0014~4 
001435 
001436 
001444 
001450 
001 452 
001462 
00]466 
001467 
001475 
001476 
001476 
001476 
001477 
OOUOO 
OOt 501 
001S11 
001513 
001514 

E.-JEll 0.0 
IF (RIA(J).Gr.RIHI) GO TO 22 
IF 'VARCJ).L~.V~LO) GO TO 2~ 

21. WRITE (2.501) J.HtAfJ) 
IF (JLINF..ijl.11) GO TO ?3 
ILI""F.cILI~E.·l 
GO TO 24 

23 IPP:lIPPtl 
PRINT 2\0.IPIol 
PRINT 406 
IUNES) 

24 IF ([.[G.O.O) 60 TO ?5 
PRINT 101.J.HIA(JI9E'lw~fJ.').CA(J.IA1.1A:1.~).A)(J) 
GO TO ?ft 

25 PRINT 201.J.HJA(J).'WSCJ.,).(ACJ.I~)tJ~.1.51.AICJ) 
26 CONTINUe: 

E~D FILE' '2 
I-NGRP 
CALL ~[NAME (SLTAPE'tIFIL~C,).tRC) 
IF CIHC.NE.OI GO TO 998 
CALL SAVF.PF C4L5023.IFILECI,.4L5062.1RCI 
IF (IHC.NE.Of GO TO q97 
IF CIOPT.LE.O) GO Tn 90 

C PRINT COPIES FOR GROUP Mf.M8~MS 
00 3'3 I = 1 • N I 
00 27 K=l.14 
PACKCCK1:AOOHCI.K) 

27 CONTINUF. 
I"'=INOIV(l) 
1"'lcl"'" () 
I~1=JI\l1·10 
JZaIN-IN1+l 
I I( II: 1 
IF (Jl.GT.51 IJ.:II2 
IF CI)I.r.T.ll JlaJZ-c; 
JA=J'Z*2 
JPal0**JA 
JRaCJZ-1I*2 
JPl·10"JB 
IPPal 
IL!NEa6 
PRINT 210.IP'" 
PRINT 106 
CALL PLIN[(PACKCI 
PRINT )06.1NU1V(11.NTTER 
PRINT 4t'16 
IPu., 
00 46 IZal.5 
HPUCIZlz/).O 
EPUCIZI=O.O 
IIIIPU(IlI.O 
n",pu (I ZI zO 

48 CONTINUE 
DO 32 Ja\ ,Nt 1M 
JE'=ER lJ. IX I IJP 
JEIIJE*JP 
JEzERCJ.IJtI-JE 
JE-JE/JPl 
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"01516 
001520 
001525 
001527 
001533 
001534 
001534 
001536 
001543 
001547 
001550 
001551 
001577 
001600 
001624 
001627 
001630 
001632 
001633 
001634 
001636 

001716 
001717 
001725 
001726 
001726 
001726 
001727 
001730 
001733 
001734 
001735 
001737 
00\740 
001742 
001742 
001762 
001763 

002013 
0020)4 

002054 
002055 

00?125 
002130 

C 
001130 
002130 
002130 
002130 
002130 
002130 
002130 

E.-JE/10.0 
IF (RIAIJ).tH.HIHI) GO TO 2~ 
IF IVARIJ).l~.VHLO) GO TO 3? 

2" IF IILINE.Gl.17) GO TO 29 
ILlIliF=ILlNE·l 
GO TO 30 

2q IP"'~IPP.' 
PRINT 211ltlfJfJ 
Pc:1INT 406 
ILlNE~1 

30 IF IE.E'Q.O.OI GO TO 31 
P R I NT 1 0 7 , J , H I A I J) 'E, I W S I J' 1 ) , I A I J, I A) , lA-I, 5) ,A 1 I J) 
GO TO )4 

31 Pc:1INT 207,J,HIA IJ), TWS IJ,'), IA IJ,ltJ) '1~=I,5) ,AI IJ) 
34 HPUIIPUlsH!AIJ) 

EPUIIPU)=E. 
IWPUIIPIJI=lI11SIJ,I) 
ITMPU ItPU) SJ 
IPU=IPU.l 
IF IIPU.LE.SI GO TO 31. 
PliNCH ) n4, INUI V I I I, T TRPU, yTlolPU I 1) ,HPU I 1) ,I:.PU 11), IW ... UI 11 ,ITMPUI2),~ 
lPU(2)'EPUI2I'IwPUI2I'IT~PUIJ)'RPUI3).EPU(3»'JWPUI3)'1TM"'UI4I,HPUI4 
'21 ,E.PU141 , IWPU(4), ThIPUI~) ,RpUI5I,EPU(5)' IwPUI51 

IPU=l 
DO 49 IZsl,~ 
RPUIIl)·O.O 
EPUIIl) .. O.O 
IWPUIIZI=O 
ITIolPlJltZ)=O 

49 CONTI"'UF 
32 CCNTI"'UE 

IPUcIPU-l 
IF IIPU.F:Q.J) GO TO 51 
IF IIPU.EQ.2) GO TO 5? 
IF I TPU.EQ.~) r.0 TO "i3 
IF I IPU.EQ.4) GO TO 54 
GO TO 33 

51 PUNCH 701,INUIV(1)'TTRPU'TTMPUl1),HPUll),EPUl1~,I~PUl1) 
GO TO 33 

52 PUNCH 7n2,INUIVII)'TTRPU'T1M"'UI1),NPUIl),EPUI1~,IWPUI1),ITMPUI21,R 
IPU(2',EPUI2I,I~PUC2' 

GO ,"0 33 
53 PUNCH 703, INU [V I I), rTHPU, T T..-PU I 1) ,HPU I J) ,EPU I 111, IW~U I 1), I TMPU 121 ,R 

1PU(2) ,EPU(2) ,IWPU(2) ,ITMP\lC3I,RPUI3' ,EPU(3) ,lwJ'UIJ' 
GO TO 31 

54 PUNCH 7Q4,INUIVII)'TTRPU,TTMPUI1I,HPUI1),EPUI1I,lW"'UI1),ITMPU(2),R 
IPU(2),EPUI2I,IWPUI21,ITMP\II)),RPUI3)'E ... UI3),IWPUI3),ITMPU(4),HPUI4 
2),EPUI4),IWPUI4) 

33 CONTINUE 
GO TO 90 
ONLY FORMATS FOLLOW 

100 ,ORMAT 1313,12,F4.1,F6.2' 
101 FORMAT (A10,I5,A~,6Al0/AA10' 
102 FORMAT 11HO'~~,I4,9X,F3.1,9.,F6.2,9X.J2,7X,5A10,A6/) 
103 FO~MAT 1I4,ll,A5,A5,A5,5A,O,A6,A41 
104 FORMAT 1I3,I2,5115,1X,F3.1.1l.F3.1,IZ)) 
lOS FORMAT flH1,IIIOl.CHECt< INPUT FOR I:.RHORS·) 
106 FOHMAT I1H ,1156X.OfLPHT COMMUNICATION·/51X*PL[ASE HETUHN WITHIN F 



00'130' 
001130 
002130 
002130 
002130 
001130 
002130 
002130 

00(1130 
002130 

002130 

002130 
002130 
002130 
002130 
001130 
002130 
002130 
002136 
002137 
002143 
002145 
000200 

lIVE nAYS*II» 
107 FO~MAT (lHO,~x,I •• 9X,f3.1.1?x.F3.1.9X.12.7X.5A10,A6/' 
154 FORMA T n H1) 
156 FOR~AT (IH '~14,~(I7,"F6.1'J31' 
zon FORMAT (141 
207 FORMAT (lHO.~X.I4.9X.F3.1,24X.I2.7X.~AIO.A6/1 
2\n FORMAT (1~1.1?'OX,*PAGE *,t31 

153 

306 FORMAT (1M .4x.*INUIVIOUAL NUMBlR*,I4,3x.*ITFHATION NUMBER*,IJ' 
406 FOR~~T (IH "115X*IMPORTANCF*5X*EX~fHTISE*6X*WHO*/6X*I'E~*oX*HAIIN 

IG·9X*HATING*~X*SUPPLIES*\nX*UATA ITEM UESCRIPTOR*/5X*NUMBEH*3x*,0. 
20 TO 5.01*3~*(O.3 fa 5.0'*3X*(CODEI*~X*(60 LETTERS AND EMRtOUEO BL 
3At<'KS 1* /) 

501 FORMAT (t4,j:"~.)l 

506 FOHM~T ()H .11~7X.OELPHI TMPORTANCt HANKING*/46X*FOH IllRAJ10N *.1 
213,. INDIVIDUALS *,f3,* THHOUGH *,13.2AX,*N=*.I.lll 

&00 FOH~AT (IH .15.*IMpnRTANCF*~X*VARtANCE*7X*WHO*/6X*ITE~·7X*HATINb* 
29 •• RATJMG.5X*SUPPlIF~*lOX*OA'A ITEM UE~CRtPTOR*/5X*NU~~EH*~.*(O.0 
3TO 5.0'.Z~*'O.0 TO '~.O'*~X*(CODE'*5X*'60 LET1EHS ANO EM8EDOED ~LA 
4NKS)*1111 

601 FOR~AT (lHl,*lNVALlO RETURN CODE FOR RtNAME TAPlZ*' 
60i' fOH~~J (l~l,*lNVALln RETURN CODE FOR SAvEPF*,13) 
701 FOH~AJ (I3,I~.I5'lX,F3.1'lX,F3.1'IZ) 
702 FOR~AT (Tl,12.?(IS.,X,F'.l"X.F3.,.JZ)) 
70~ FOR~AT (tl.l~,3'15,'X,FJ.l'lX.F3.1.ll)l 
704 FORMAT (I3,1~,4(15,'X,F3.1.'X.F3.1'I~)) 
991 P~lNT 60Z,I~C 

GO Tn q99 
998 PRINT 61'11 
99q STOP 

E~D 



154 

000002 

000002 
000003 
000005 
0000)4 
000015 
000017 
000022 
000024 
000025 
000027 
000030 
00003] 
000031t 
000035 
000037 
000042 
000052 
000053 
000063 
000064 
000075 
000105 
000106 
007200 

SU~RnUTJNE ~Ll~E(PAC~C) 
INTEGER CHA~(140).PAC~Ct14),NCHAR(140).L(S).PC5).FMTC10) 

• .FMT1(10)'FMTZ(lO) 
"'COUNTaJ 
DC 110 Isl.U 

110 CALL SPREADHIPACKC(1).CHAP,,010-9)) 
LL=l 
00 III J 111 • lit 0 
IF'CHAR(t).Nt.\~/)Gn TO 115 
L(LL,~,-P(LL-l)-1 

P(LU-l 
IFtLL.EQ.l'L'LL'-I-l 
LL=LL·l 
GO TO III 

115 NCH~R(NCOUNT'=CHARtT' 
NCOUNT~NCOUNr·l 

III CONTIt..tJE 
L(lL)-140-PtLL-l' 
ENCOOE(SO.1l2.FMT{' ILtl).T-l'lL) 

112 FCRMATt5(o.I.5x.o,I2.oRlO), 
~NCOOE(15.IIJ.FMT?)LL 

113 FOHMA1(~H(O(/o.'ll.RHAln,o)o)) 
ENC()I)E(~3.FM12,F"'T) (FMTI (T).lll].LU 
P~INT FMT,(NCHAA(!),t_l,NcOUNT) 
"'HUR'" 
Elf 0 



APPENDIX C 

PFDS GROUP PRINTOUTS 
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PONAI.I.I R. ~ilSH 
CENTE~ FOR ~IGH.AY QESEARCH 
ENG. ~CI. ~~OG. 317 
U~lVEN~ITY OF TElA5 
AUSTI~. TExAS 7971Z 

l~ulV1 JUAL ~UM8ER .U IT[=lATlON NUM!lE~ 3 

I'IPOAfANCE ElI'ERTlS[ .HO 
ITEM "'ATni> IIATJNG SIIPPlIES 

NU"8E~ (0'0 TD 5 0 0' (0.3 TO 5.01 ICOOEI 

)0 •• 7 1.0 10 

U 3.11 2'0 10 

66 l.II 3'0 10 

89 3.1 1.0 

90 •• 0 z.o 1 

91 ,.9 1'0 10 

9'" 3.2 3.0 10 

101 3.S 3.0 l\J 

133 ) .. ..0 12 

US •• 5 3.0 10 

uo •• b .. ., 10 

1401 3.5 •• 0 'I 

DEI.PHI CI,) .. "!/NICATIO~ 
Pl[ASE RETuM~ _IT~I~ FIVE )AYS 

DATA ITEM J[SCqI~TOR 
(60 LETTERS AND [MeEOlEO SLAN~S! 

TYPE OF ~MIDGES ON JO~ 

ttRIOGE -IUTH 

SHOUlDE M wlOTH 

ijASrC PAVE .. ENT TvPE 

PAVEMENT fHICKNESS OV~AA~L 

PREorCTEO lifE Of PA~~~E~T SU~FAeF. 



PAS:: ! I-' 
U'1 
00 

I I4POIH A NC E E."ERTISE wHO 
ITEM !!A'PIG PATING SUlJPUES UATA tTE~ JESCAI~TOQ 

NUMB!" 10.0 T:) 5.·,1 10.3 T(J 5.01 ICOOEI 160 LETTE~S A~O EM8EO)EO HLA~<S} 

ll1 4.6 3.0 10 NUMijER OF LAVERS 

l12 300 l.S 10 SEQUENCE OF LA1E~EO CJ'.ISTRUCTION 

l13 3.0 3.0 10 l.AYEQ NUMtclER 

l17 4.7 3.0 10 T~IC~NESS • LAYER 

l19 3.7 l.O 10 STABILIZATION TYPE ... AYER 

220 3.6 l·O 10 AMOU~T OF STABr~rlEA • l.AY!" 

ll4 4.0 3.0 10 ~ATERIAL TYPE - LAVEQ 

l84 4.8 l·O 11 OPTI~U~ "OISTURE DENSITY BY LAYEQS 

314 4.0 "'0 q ELEVATION OF PA¥E"ENT IN RELATrON TO NATU~Ai. 3~Of"'O 

334 4.0 2'0 10 SPECIF ICA TI O~i ITE" USED FOR SJ8GRAOE PR~P''l,Tl:)N 

335 4.6 3.5 11 SU8G~ADE SOIL TYPE-SUilGRf.OE MATE"!AL 

343 4.2 3.0 11 TYPE OF SU~GRAOE PREP,ClATION 

344 4.0 l.O 10 TYPE OF STAB!LIZATION - SUBGRf.OE 

3,,5 4. 11 2.0 10 SUBGQAoE STARILIZATIO~ - OEPT~ 

350 4. 11 3.0 11 COMPACTrO~ EFFORT ON SJ9GRAi)E 

360 ".0 2.0 12 SU8GRADE TIlIUIAL CLASS/RAII 

384 ).0 to I) 11 SUFHUSE SOIL TYPE 

"1 8 ... 5 2.S 10 tyPE OF clASE 



PA8:: 3 

r"'PORTANC~ E_I>ERT UE _HO 
ITEM AATI .... G 1'1' HIIIG SUPPLIES OATA ITEM ~ESC~I~fQR 

NU04SE" 10.0 T::l 5. :,l '0.3 TO S.OI (COOEI (60 LETTERS ANU E04REO)EO dLAN~SI 

419 l.O Z.O 10 NUMBER OF LAVEHS - IUS! 

410 4.e. 3'0 10 ItASE THICKNESS 

4U 4.0 3.0 10 IiIA'SE THICKNESS • SHOU~OER 

.Z4 4.9 3.0 9 FLEX ltASE - nEil' h' 

426 3.2 2·0 11 IIASE TREATMENT 

427 4.0 2·0 8 TYPE OF STABILllATIOl4 • 8ASE 

435 l.8 3.0 11 !:lASE MATERIAL 

437 4.0 3·0 10 TYPE OF !fASt "'A TERIAL • SHOULOER 

477 3.6 2.5 10 TYPE OF SuRFACI"'G 

491 3.9 1·0 S CONCRETE PAYEME"'T TIi! ::;1(',1[55 

500 l.S 1'0 10 eONeR!::TE PvT DESIGN "'lit 

561 3·0 l' 0 8 SURFACE TExTuRE OF eO'lCRETE P\lT 

591 4.0 100 4 TYPE OF STEEL 

6Z6 4.t! • 3 10 ACP QAvl"'G OESIG .... 

637 4.2 4.0 10 ASPHALT TYPE 

639 l.8 3'0 10 TYPE OF ASPHALT "'ATL JSEO FOR PRIME COAT 

649 4.7 3.0 10 AGGREGATE TYpE ,.... 
VI 
\.0 

654 4. 7 3·0 10 AGGREGATE GRADE 



PAG:: • t-' 
0-
0 

I'4PORTANCE EJI>ERTlSE .010 
ITEM ~ATI"'G IIATING SI);>PLIES DATA ITE~ OEsC~I~TOR 

"'U~8EoI 10.0 T' S •. JI 10.3 TtJ S.OI ICOOEI (110 LETTERS AND EMyEO)EO HLA",(sl 

"59 •• 3 2·0 9 SURF' ACE AGGREGATE POLIS'" VALUE 

757 •• 0 3.0 10 OVERLA" TfPE 

782 3.1 1.0 12 SOURCE OF' F'UNDS 

783 3.1 1.0 13 TOTAL PROjECT COST 

78. 3.1 1.0 13 A"OU ... T OF' CONTRACT 10lLI.ARSI 

785 3.0 1·0 12 pROJECT OVERRUNS AND "ET1100 OF' f'tNA'4CtNG 

786 3.0 1.0 12 FUTURE PROGAA~ F'UNOS l81.tGATtO TO OVtAAIINS 

787 2.0 1.0 17 NIGHT-OF'·.A" COST PER ACAE 

792 •• 0 1.0 10 cOST PEA LANE ~ILE OF' CONSTAUCTION 

800 •• 0 1.0 10 LA80R COST - CO~STAUCTION 

80 9 3.2 1·0 8 COST OF SUBGAAOE PREPAqATIO ... /I.ANE "'ILr. 

817 3.5 1.0 8 COST OF" ~AsE/LA~E ~ILE -TRAF'F'IC LANE 

821 3.0 1.0 8 COST OF' aASE PREPARATIl'4/LANE ~ILE 

illS 3.0 1.0 8 cOST OF" SURF ACE 'LANE '4ILE 

85. 3." 3.0 12 ~AINTENA~CE COST PER "A~E ~I. PER 'fEAR 

11112 2·5 3·0 17 ANNUAL ~AINT COST OF' 'qAF'F'IC LANES SUI>"AC::/L'~~ "IL!: 

8117 2·6 .·0 9 COST OF' ROADSIDE ~AI'4T'''ILE 

917 3·S z·o 13 STATEMENT OF' PROSLE"S OJRING CONSTR~CTION 



964 

969 

992 

lCHO 

1011 

1013 

lOIS 

1034 

1042 

1051 

liIS9 

IIIIPOIHANCE 
RAT1~G 

(0.0 TO S", I 

4.0 

3.2 

3.0 

•• 0 

4.0 

].0 

3.6 

4.0 

4.0 

3.0 

4.3 

4.0 

4.8 

3.5 

4.0 

EXPERtlSE 
I'" TlNG 

10.3 to 5.01 

1'0 

].s 

l.O 

3.0 

3.0 

3·0 

3.0 

1'0 

1'0 

1'0 

100 

1.0 

1.0 

1.0 

"HO 
SUPPLIES 

(COoEI 

5 

5 

16 

5 

16 

5 

5 

S 

5 

'5 

10 

S 

5 

5 

'5 

3 

OATA ITE" ~ESCRI'TOR 
160 LEtTlRS A~D EM~EO)EO BLA~~SI 

TEST R£PORTS O~ "'ATERIALS USED 'OR CO~STRJCTIO~ 

AN~UAL AVERAGE !EMPERATURE 

MONTHLY A~E~AGE TEMPE~ATURE 

pREDICTE~ !RAF'IC LOA)S (18~ [gUIV) 

MAXIMUM TOTAL LOAO 

OESIGN VOLUME 

C;URRE'H AIH 

PERCENT tRUCKS t~ AADT 

uEStGN SPEED 



I "'POATANCe; Elr:>f,RT!5E WHO 
IT[M RATI"IG HATING $UClPl.lts DATA ITEM ~ESCRlaTOR 

NIJ"'~£'" 10.0 TO S.,,) (1103 TO 5.01 ICOOE) 160 LETTERS AND E"8(0)£0 BLAN(5) 

1068 3.0 200 13 ANNUAL I~SPECTI0~ O£S:RIPTIO~ 

1092 4.1 Z'O 15 ROUGHNESS MEASU~EMENT - AVG OF EA PROJECT-l~~JlLLY 

1114 4.1 Z·O IS SKID NUMaER OF SURFACE • AN~UALLY 

1151 4·0 2·0 11 ~RAC( SPACING PATTER'" -SAMPLE- UNIFOR~ITY 6~O Sr:>ACIIiG 

1260 3.3 2'0 5 ACCIOENT FR£QUENCY 



RONAL!) R. 'BIJSH 
C[NTEM 'OR HIGHwAY REStARCH 
ENG. ~el. BLDG. 317 . 
UN[VEMSIT' 0' TEXAS 
AUSTI~. TEXAS 18112 

2 

4 

5 

9 

12 

'I 

'4 
66 

I .. PORTANCt 
.ATIN6 

10.0 TO I •• ' 

4.1 

4.1 

4.1 

4.2 

t.O 

.2 

EXPEATISE' 
"ATING 

'0.' TO 5.01 

2.0 

2.0 

4., 
2.0 

1.0 

2.0 

'.0 
100 

4.0 

2.0 

.4.0 

IiHO 
SUPPLIES 

'CODE' 

12 

12 

12 

II 

12 

12 

12 

1 

10 

10 

10 

DELPHI COMMUNI~ATION 
PLEASE RETURN wlTNIH 'IVE OAYS 

OATA ITEM OESC~tPTO~ 
e60 LETTERS ANO EMBEOOEO BLANKS, 

SECTION 

COUNTY 

"AINTENANCE SECTION 

LANE HUM8ER 

PA" 1 



PAIr r t-' 
Q'\ 
~ 

,M'ORTANC! [XPEltTIS! IIIHO 
IT!M AA Tt,.G PATlNt SUPPLIES DATA ITE" OESCRI~TOR 

NUMB[R ... 0 TO 5.0) CO., TO 5.0' 'CODE' ,60 LETTERS AND E"8tO)E~ 8LAN~S, 

1t 3.3 '.0 10 TYP! 0' MEDUN IRAISEO"LUSH.OEPR!SS!D' 

'9 I.' z.o 10 TYPE 0' MEOUN IARR1E=t 

ao 5.0 2.0 U MEOUN WIDTH 

96 •• a '.0 u TYPE or SH~ULOEA .. 4,6 '.0 I SHOULDER "10TH 

lO1 5.0 '.0 10 TYPE or SHOULDER SURnCr~G 

loa 5.0 3.0 U TKIe~NESS or SHOULOER SUR'ACING 

na 5.0 100 • "ATERIAL TYPE rDR LAN~ EOGE LATERAL SU"o:U 

119 5.0 100 11 STAGE CO~STRUCTION INrOR"ATIOH 

123 a.r ItO 11 ALLOWABLE CONSTRUCTIO~ I IfT[It,ERENC[ TO TA"r;1C 

133 5.0 1.0 13 BASIC PAVEMENT TYPE 

135 5.0 1.0 10 PAVEMENt THICKNESS OYEULL 

140 5.0 100 10 PREDICTED PAvEMENT LI'E 

14' 4.0 a.o 12 CROIIN wIDTH 

141 : .. 5 1.0 12 DEGREE 0' CURVES 

15a 4.6 1.0 I HORIZONTAL ALIG~~ENT 

In s.o ItO I vERTlCAL ALIGN"ENT 

159 3.1 1.0 11 PROFILE GRADE LINE 



ITEM. 
NUMBEM 

175 

n6 

113 

liS 

204 

Z06 

211 

Z12 

ZI7 

ZI9 

2Z0 

224 

ZU 

2.4 

Zil 

Z99 

3'4 

us 

IMPORTANCE 
. RATING 
10.0 TO 5.01 

5.0 

4., 

4.4 

4.3 

4.0 

Z.6 

4.3 

4.1 

3.1 

4.3 

4.1 

EXPERTISE 
RATII'IG 

11.3 TO 5 •• , 

1.0 

1.0 

3.0 

100 

100 

I •• 

10. 

100 

Z.O 

Z.O 

Z.O 

z.o 

4.0 

1.1 

100 

1·0 

3.0 

'.0 

WHO 
SUPPLlts 

ICODEI 

lZ 

11 

I 

9 

I 

13 

10 

11 

10 

11 

11 

10 

11 

I 

11 

11 

11 

11 

PAGt 3 

DATA ITEM DESCRIPTOR 
160 LETTERS AND EHBEOOEO BLANKS, 

TOPOOAAPHY 

PRE~OMINANT GEOLOGIC 'OAMATION 

DRAINAGE AOEQUACY 

"ONTH AND YEAA 0, CONSTRUCTION • LAYER 

THICKNESS e LAYER 

STABILIZAtiON TYPE. LAYEA 

AMOUNT OF STABILIZER e· LAYER 

MATERIAL TYPE - LAYER 

HETHOO OF COHPACTION e, LAYER 

PHYSICAL QUALITIES 0' ~&TERIALS • LAYER 

CAPILLARt POTENTIAL EKHI81TEO BY LAYERS 

SU8GAAOE SOIL TtPE.SU~GRAOE M'TERIAL 



PAGE • I-' 
~ 
~ 

I MPOln .HC! £l(DE"T ISe: WHO 
IT!M R.TI~G A.n .... G SUPPLI£S OAT. ITEM OESC"I.TO" 

HUMS[M '0.0 TO S'O' '003 TO S.ot CCODU (60 LETTERS AND [MeEOlEO BLANKS) 

3)6 4 •• 1.0 U SVSG"AOE CLASSI'ICATION 

h' 4.1 1.0 11 SPECIFICATION ITEM USED 'OR ST.8ILIZING MATL 

341 4.1 2.0 ., TYPe: 0' SUeGAADE PREPAAATION 

344 s.o 3.0 11 TYPE 0' STABILIZATION - SUBG"AO[ 

359 J.o 1., 11 SVeGUOE STIFFNESS COEF'ICIENT 

360 4.1 leO Il SUeGR.OE TRIAXIAL CLASSIRAW 

361 4.J 1.0 10 SU8GRAOE TRIAXIAL CLASS/TREATEO 

362 ,.J lea 11 SUSGAAOE ,",ODuLUS 

361 2.1 100 11 AVG pI OF SUeGAAOE MATL 

J6I 1.1 leO 11 .YO LL of SUBGAlOE MATL 

372 4.1 leO • SUeGAAOE SOIL CO",STANTS 

319 4.1 100 n SWELLING CL." PAUMETER 

313 4.1 3.0 • SPECIFICATION ITEM USED 'OR SU8BASt "ATtAIA~ 

384 s.o '.0 • SUB8ASE SOIL TVPE 

J81 5.0 ,., 11 SUBBASE THICKNESS 

402 ,.' 1.0 11 sus-aASE TRIAXIAL CLASS 

410 ,.' 100 11 AVO 11'1 OF sVO-SASE MATL 

411 , .. lea 11 AYO LL 0' SUB-BASE NUL 



ITEM 
NUI4BEIt 

419 

420 

421 

457 

4" 
4'4 

4" 

478 

I .. POAUNCE 
AATIIIIG 

Co.O TO 5.0' 

4.5 

5.0 

3.6 

5.0 

5.0 

4.f 

3.3 

3.9 

3.7 

3.8 

4.0 

4.0 

,.6 

3.1 

5.0 

5.0 

[XPERTI5!' 
RATINO 

CO.3 TO 5.01 

300 

4.0 

4.0 

4.0 

4.0 

4·0 

400 

4.0 

100 

1.0 

1·0 

1.0 

3.0 

JoO 

IfHO 
SUPPLIES 

ICODEI 

8 

10 

10 

• 
10 

10 

10 

11 

8 

10 

11 

11 

11 

11 

9 

11 

10 

11 

DATA ITEM OESCRIPfOA 
1'0 LETTERS AND EMBED)ED BLANKS. 

TYPE OF BASE 

NUMBER OF LAyERS • BASE 

BASE THICKNESS 

lASE THICKNESS • SHOU~DEA 

FLE. BASE - DEPTH 

TYPE OF STABILIZATION. BASE 

IIASE MATERIAL 

TYPE OF BASE MATERIAL. SHOULDER 

IIASE TAIAllAL C~ASS 

ItA5E MOOULuS 

AVO pI OF BASE MATL 

TYPE OF MEMBAANE BET~EEN BASE MATL AND PA~EMENT 

TYPE OF SURFACING 

TYPE OF ACP SURFACE COURSE 



ITEM 
HUltS!R 

411 

489 

4.4 

.. 6 

500 

501 

502 

504 

S06 

50' 

514 

516 

51' 

52Z 

"6 

IMPORTANCE 
RATl~1J 

to.O TO 5'0' 

5.0 

4.6 

5.0 

2.6 

1.' 
5.0 

3.6 

,.2 

4.0 

4.1 

,9 

5.0 

3.6 

4.0 

EltPtRTlSE, 
RATING 

CO.3 TO 5.0' 

4.0 

3.0 

leO 

1.0 

1.0 

1.0 

3.0 

3.0 

3.0 

2 •• 

1.0 

2.0 

2.0 

100 

WHO 
SUPPLIES 

CCOO(' 

10 

10 

10 

13 

11 

11 

11 

11 

11 

11 

11 

11 

11 

11 

11 

11 

11 

DATA ITEM OESeRt-TOA 
(60 L(TTERS AND [Me EO lEO BLANKS. 

CONCRETE PAYEMENT DEstB~ STANOAAO ICPJR.C'C~~ETC' 

'ORMEO ON FORMLESS 'LACEMENT .' CONCRETE PflilT 

CONCRETE PYT DESIGN MIl 

TYPE 0' CEMENT • CONC~ETE PAYEMENT 

TYPE 0' eONCRET~ MI~ ADOITIYES 

PERCENT OF AIR ENTRAJ"IJNG US!O IN COllfeR!T!! ItAf!M!NT 

TYP( OF BONO BREAKER 

SOURCE OF wATER USED IN CONCRETE PAYEMENT 

AYERAGE C.F - CONCRETE PAYE"'E"T 

L.A. ABRASION FOR COA~SE AGGREGATE 

slEYE ANALYSIS OF AGGREGATE 'OR CONe PYT 



put, , 
IMPORTANC[ [XPERTISE WHO 

ITEM RATI .. e RATIffG SUPPLI[s DATA ITEM DESCRIPTOR 
NUM8[1I CO.O TO 5'0' C •• l TO 5.0' ceOO[' 160 LETTERS AND E~BEODEO 8LAN~S' 

$31 4.2 hO 11 CONCRET[ CEMENT , ACTOR' 

sn 3.' hO 11 CONCRETE WATER 'ACTOR 

ns. 5.0 1.0 11 CONCRETE TEMPERATURE 

537 3.3 2.0 11 MIIIINO TIME 

539 1.9 2.0 11 CURING METHOD • CONCRtrE PAVEMENT 

hO 1.5 2., 11 CURING COMPOUND 

5n i.6 1·0 U LOCATIONS 0' CO~C PVMT OP[N[D TO EMERGE.,CW TRA',IC· 

545 4.3 2.0 11 TYPE VIBRUION 

546 4.1 2., U AVERaGE SLUMP USED IN CONC PVT 

54' .' 2.0 11 Ave SPECI'IC SUR' lREA 0" C[MENT • CONC~Ef~ PAYE~[NT 

553 .- 10. U CONtRETE T[sT PROCEOU'tU 

554 3.5 1.0 U CONCRETE 'LEXURAL STRENGTH 

560 5.0 1 •• U PAVEMENT MODuLUS 

561 4.3 1., 11 lVERAGE TUTuRE DEPTM 

566 3.4 3.0 10 TYPE Of" EXPANSION JOI"T • CONCRETE PAVE~E'IT 

567 3.4 3.0 10 ElPA~SIO~ JOINT SPACI~B • CO~CRETE PAVE"E~T 

568 I.- 3.0 13 TYPE OF MATERI1L USED r .. EXPA"srON JOrHTS ...... 
C\ 

'" 569 ,.5 Z.O 10 TYPE OF CONTRA~fION JOINT. COHCRETE PAVE~E~T 



IT!M 
NUMBER 

570 

571 

57Z 

571 

579 

SlO 

51Z 

513 

516 

511 

6Z5 

630 

633 

IMPORTANCE 
RATING 

10.0 TO 5.0' 

J.J 

J.O 

3.8 

••• 
2.1 

••• 
3.3 

•• 5 

5.0 

5.0 

.9 

1.0 

ExPERTISE 
RATING 

10.3 TO 5.0) 

Z.O 

Z.O 

Z.o 

J., 

3'0 

3.0 

3.0 

3'0 

3.' 
3.0 

1.0 

z.o 

3.0 

3.0 

r.o 

WHO 
SUPPLIES 

ICODE) 

10 

13 

10 

13 

11 

11 

11 

I 

• 
• 

10 

10 

10 

11 

11 

11 

• 
10 

DATA IT!M DESC~JPTOR 
160 LETTERS AND EMBEO~ED BLANKS) 

CONTAACTION JOJ~T SPAC1~G • CONCRETE PAV!~E~T 

TYPE OF "ATERIAL USED I~ CONTRACTJO~ JOINTS 

TYPE OF LONGITUDINAL JOINT • CONCRETE PAV!~ENT 

TYPE OF MATERIAL USED IN LO~GITUOINAL JOI~TS 

OEPTH OF SA~ED JOINT 

CLASS OF JOINT SEALING' MATL • CONC PVMT 

TYPE OF LONGITUDINAL JOINT SEALER. CONC"!,T!: Pav!ME'\IT 

TYPE OF TRANSVERSE JOI~T SEALER • CONCRETE JAW!"!NT 

PERCENT OF REINFORCEMENT 

TYPE OF 5 f[EL 

STEEL PLACEMENT IHANO OR MACHINE' 

SPECIFICATION ITEM USE~ FOR ACP 

STABILITY OF HMAC 

ASPHALT TYPE 



PAIt' • 
IMPORTANCE £kPUTJ$E IIIHO 

ITEM !tAlIMO PlUff 0 SUPPLIES OATA ITEM O[5CIIII.,TOII 
NUMBO CO.O TO S.O' CI.) TO 5.0. CCOOU (60 L£TTEPS AND [148£00[0 BLANKS) 

UI 2.6 l.O 11 TYPE or ASPHALT USED !'Oll TACI( COAT 

63ft ie' '.0 11 TYPE or ASPHALT MATL JSED FOR PPIME COAT 

640 5.0 ).0 U TYPE 0' ASPHALT USED 'OR SURFACE TREATMENT 

644 4.' 2·0 13 PERCENT ASPHALT CBY IIIE~OHT 0' AGGREGATE. 

649 5.0 3.0 11 AGGREGATE TYpE 

650 4.0 3.0 11 TYPE or COARSE AGGRtGUE 

651 4.0 3.0 11 TYPE 0' IhTERMEOIATt 4GGREGlTE 

652 4.0 J.O 11 TYPE 0' f'J HE AGGIilEGA TE 

654 5.0 J.O U AGGREGATE GRADE 

660 4.2 "0 II SKID rAcTOR OF SURrACEIAGGREGATts 

665 ,.1 J.O 11 RATf: 0' T"CK COAT ASP~lLT USED CltAL/S.Y •• 

666 2.5 3.0 11 kATE uslD rOR PAIME C~"T ASPHALT COAL/S.Y.' 

661 S.O '.0 11 RATE 0' ASPHALT USED ,,,III SURrACE TREATMENT C'lL~S.Y.' 

.. ft 5.0 J.o 11 RATE or AGGREGATE USE) rOR suRrACE TRtAT"'E~T 

611 5.0 1.0 • TYPE or COMPACTION CACP) 

612 5.0 1.0 11 A$pHI\U 14111 OENSITY 

101 5.0 '.0 11 TYPE 0' Atp LEVEL-UP COURSE I-' 

""'" I-' 

107 5.0 4.0 9 ROUTINE MAINTA I HANCE :)PE'UTJO~S 



PAlE' 10 ..... 
-.J 
N 

IMPORTANCE UPERTISEI WHO 
ITEM "A'I .. 6 RATING SUPPLIES DATA ITEM OESCAl~TOR 

NIiMBEIt fO.O TO 5.01 fO.3 TO S." ICOOtl 160 LETrERS AND EMBEDDED BLAN~SI 

110 5.0 6.0 9 PREVENTIvE MAINTENANCEI MEASURES 

113 3.3 3.0 9 TVP! Of' R[PAIRS REQUI~ED 

116 !hO 3.0 12 TYPE Of' [ACH HA hTEN, 'ICE EVENT 

111 5.0 Z.O 11 OATE Of' EACH SURrACE ~AINTE"'ANCE 

131 ".5 6.0 11 OAT!: Of' L.AST MAJOR REotA81LlTATlOlf 

132 5.0 •• 0 12 TYPE Of' LAST MAJOR REotUILITATION 

135 ,.3 6.0 9 NUMBER 0' SEAL COATS 

136 3.3 6.0 10 DATE Of' SEAL COATS 

131 1.1 6.0 9 DATE Of' LAST SEAL COAT 

1"" 1.1 3.0 11 AGGREGATE TYPE '. SEALS, PRII4[5, CURl .. G 

1"1 '3.5 3.0 11 ASPHALT tyPE - SEALS.~Al"ES.CURING 

155 ".0 •• 0 13 OAT!: Of' OYERLAY CONSTQUCTION 

151 500 300 11 OVERLAy TYPE 

163 ".1 3.0 10 PLANNED 'UTUIIE OVERLAYS. TIME,NUMIER,TYP! 

113 ,.9 300 9 TYPE OF ~ATERIAL. TO ~EPAIR SPALLED JOtNTS 

191 ".3 r.o 10 INITIAL COST OF CONST~~CTION 

109 l.5 3.0 U tOST Of' SUHGRADE PREPAQATI0N/LAN( NILt 

113 ,.5 3., U COST 0' SUB-BASE/LANE "ILE .. TRAFfiC LANE 



PAil 11 

I "POR TA NC! EXPEATIS!, WHO 
ITEM RATING RATING SUPPLIES DATA ITEM D[SCRIDTDA 

NUMBE. 10.0 TO 5'0' 10.' TO 5.0' (COD!) 160 LETTERS AND (MBtD)ED BLANKS) 

1.14 205 "0 13 COST OF SUS·8ASE/~ANE MILE • SHOU~OER 

ai1 z.4 "0 13 COST OF BaSE/LaNE MILEI -TRAFFIC LANE 

lie ,.5 '.0 13 COST OF Bast/LANE MILEI - SHOULDER 

126 ,.5 "0 l3 COST OF SURFACING/LANE, MILE -TRAFFIC LA"E 

121 ,.5 '.0 13 COST OF SURFACING/LA"E, MILE - SHOULDE" 

85. 4.1 Z.O U MAINTENANCE COST PER LANE "I. PER YEU 

156 !.O 200 t ANNUAL MUNT COST OF T~aF'lc LANES SU~G~A)E/LA"E "U~r 

851 !.o Z.O t ANNUAL MalNT COST 0' S~OULDER SU~GqaDE/L'''E MI~E 

8S8 S.t Z.O t ANNUA~ M'INT COST OF T~A"IC LANES SUQ-8ASE/LA"E 114 I LI!: 

IS9 !.O Z.O t ANNUAL MaINT COST 0' SHDULDER SU~-8aSE/LA"E "ILE 

860 !.O ,., t ANNUAL MaINT COST 0' TQa'FIC ~ANES 8ASE/L'''E'MILE 

161 !.O Z.O t ANNuaL MaINT COST OF SHOULDER BASE/LANE MILt 

162 5.0 Z.O t A "'NUAL MaINT COST 0' Ua"IC LAN[S SURFACt"L""!1 "I~! 

863 5.0 Z.O t ANNUAL MaINT COST OF SHOULDER SURFACE/LANE· ~'L! 

165 ,., Z·O t ANNUA~ MaINT COST 0' "EOIA"I/MILE 

166 ,.1 Z.O 9 ANNUaL MalNT COST 0' "EOIA~ BARRIER/"ILE 

116 2.S 2.0 11 CONSTRUCTION MUHOD 
I-' 
-...J 

I., 2 •• 2·0 11 CONSTRUCTION nllI'M!NT usto 
W 



PAGf U l-' 
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IMPORTANC[ EXPEATJ!li1 I/MO 
ITtH RATINS "ATING SU'PLlfS DATA ITEM DESC~t~TDR 

NUM8E" (0.0 TO 5.0' (0.3 TO 5.01 ICOD[, ('0 LETTERS AND [MBEOJED BLANKS, 

'94 ,.9 1-0 11 ,AEQUENCY OF EQ~IPMENT 8REAKDOWNS 

902 ,.1 3.0 11 IDENTIfiCATION OF SUP:'LIEA • ASPHALT 

90S 1.5 3.0 11 lDENU,ICATION OF SUPII'LIER e, STA8JLlUTlOII AU"'T 

90' 3.5 '.0 11 lDEIIITlFlCATlol\I OF SUP~LJ[R • AGGREGAn: (COUS.EI 

9,. 3.5 3., 11 IDENTIFICATION OF SUPPLIER • AOOQ[BATt U "T!R'I!O rATE' 

910 3.5 :J.o 11 IDENTIFICATION OF' SUPPI..IEA .. AGGREGATE "' .... EiI 

'11 1.2 :J.O U IDENTI,ICATION OF SUPII>LIER • PAlM! COAT MATI.. 

'15 4.T .3 • SPECIAL DESJGN PROBLE"'S 

916 •• 6 1.0 • SPECIAL CONSTRUCTION "'f:THODS USED 

920 .... 1.0 12 SPECIAL COM04[NTS 

'21 5.0 :J.o II TEMPERATURE DURING 'U!NG 

'n 1.1 2., 16 ANNUAL AYERAGE TEMPERATURE 

94. 5 .• 0 1.0 16 MINIMUM TEMPeUTuRE 

959 3.' 2.0 16 AVERAGE NUMBEA OF FRf.'EZE-THAW CYCLES PER 'hili 

.... 3.2 2'0 1. ANNUAl.. AVERAGE AaJNFAI..L 

'66 3.Z 2.0 16 MONTHLy AYEAAGE RAJNFALL 

9n I.T Z.o 11 AVEflaGE "UlI4JOJTY 

992 •• f lot S PAEOJCT[O TRA"IC LOAJS (18K [Ourv, 



ITEM 
NUMB Ell 

loiz 

lOi3 

lOU 

lOZ2 

1026 

1040 

1041 

1043 

lOS1 

105e 

1062 

"10 

1082 

1091 

1101 

1102 

1111 

I "POIlTANCE 
IIATllila 

Co.o TO 5." 

4.Z 

!hl 

5.0 

5.0 

4.0 

1.0 

J.' 
5.0 

5.0 

5 •• 

4.5 

3.' 

thO 

E.IIERTlS!: 
II_TINa 

10.3 TO 5 • ., 

100 

hO 

1.0 

1.0 

1.0 

1.0 

1.0 

"0 
1.0 

'.0 

hO 

100 

1'0 

1.0 

1.0 

1·0 

WHO 
SulIPllES 

ICOOEt 

12 

IZ 

14 

14 

u 

5 

5 

I 

s 

lZ 

B 

lZ 

11 

11 

11 

11 

14 

PAG[ IS 

DATA ITE" OESCIIIII'O~ 
160 LETTERS AND E"8ED)EO BLAN(S' 

OESIGN LOAD 

MAXIMUM TOTAL LOAD 

HUMBER 0" SUpER HEAVy IIIMEEI. 1.0AOS OA.ILY 

CURRENT AOT 

PERCENT T~UCKS IN AADT 

loAN!: TRAr'IC DISTRIBUTION IPERCENT' 

speED ll04U 

OISTRICT MAINTENANCE ~ATING/ANNU'LLY 

DATE 0' SERVICEABILIT, INDE. RATING 

pRESENT SERvICEAell.!T, I~OE. 

ANNUAL SKID IIESISTANCEI 11110'11.£ 
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I MPOIiTANCt £)CPEAHSrl WHO 
ITtM RATI",G IlAfINO SUPPLIES OATA ITEH OESCAI~TOA 

NUMBE" 10.0 TO 5.0' CO., TO !5eO' ICOOE, 160 LETTERS AND EMeEDDED BLANKS, 

1137 5.0 hO 11 plNAFLEC' DEFLECTION (SURF ACt I 

1138 3.1 leO 14 DEFLECTION - lUA 

114' 5.0 1.0 9 CAACK RATING 

1169 5.0 3., t PEACENT LANE NI OF Py"T tilTH CONTAACTIO'" C~,CKS 

1170 5.0 3.0 t PEAC!NT LANE Ml 0' PY'" wITH REFLECTION C~ACKS 

124Z 4.9 1-0 11 EXISTINB MOlsTURt CO"'TtNf 0' SUBeAADE -SA"'Lt- tA 6 M3S 



APPENDIX D 

COGNITIVE STYLE AND ATTITUDE SCALES 
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Kame; -----------------------------------------------
BIDDEN FIGURES TEST - Cf-l 

!bls 11 a test of your ability to tell which one of five simple figures 
can be found 1n 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 a row of letters beneath it. 
IDdicate your answer by putting an X through the letter of the figure which 
~ou find in the pattern. 

~: There is only one of these figures in each pattern, and this 
fl~e will always be right side up and exactly the same size as one of the 
five lettered figures. 

Nov try these 2 examples. 

J D 

ABC D E ABC D E 

'!'he figures below show how the figures are included in the problems. 
Pl~e A is in the first problem and figure D in the second. 

I II 

Your score on this test will be the number marked correctly minus a 
traction of the number rngrked incorrectly. Therefore, it will not be to 
~our advantage to guess unless yeN. are able to eliminate one or more of the 
answer choices as wrong. 

You vill have 10 minutes for each of the two parts Of this test. 
Each part has 2 pages. When you have finished Part 1, STOP. Please 
40 not go on to Part 2 until you are asked to do so. 

DO Nor i'URN THIS PAGE UNTIL ASKED TO DO SO. 

Copyrlsht ® 1962 by EducationaJ. Testing Service. All rights reserved. 

Developed under 111M!! .Contract M...Ii186 

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 h,ave 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 inanediately above them: 

Strongly 
Disagree 

SD 

Disagree 

D 

Uncertain 

U 

Agree 

A 

Strongly 
Agree 

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 PFDS is in use. 

Whenever possible, let your own personal experience det.~rmine your answer. 

Do not spend much time on anyone statement. WORK RAPIDLY and be sure to 

answer every statement. 

DO NOT TURN THIS PAGE UNTIL ASKED TO DO SO. 



1. SD D U A 

2. SD D U A 

3. SD D U A 

4. SD D U A 

5. SD D U A 

6. SD D U A 

7. SD D U A 

8. SD D U A 

9. SD D U A 

10. SD D U A 

11. SD D U A 

12. SD D U A 

13. SD D U A 

14. SD D U A 

15. SD D U A 

16. SD D U A 

17. SD D U A 

18. SD D U A 

/ 

19. SD D U A 

20. SD D U A 

SA 

SA 

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 I 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 Y'Jur opinion of the 

effect that your parUcipation in the design of PFDS will have on the system. 

21. SD D U A SA 

22. SD D U A SA 

23. SD D U A SA 

24. SD D U A SA 

25. SD D U A SA 

Those implementing PFDS respe,:t my opinions. 

My participation in the PFDS ciesign process will 
help to provide me with training that will be 
valuable in using the system 1rnen 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 opiniorls are being incor­
porated in the design of the PFDS system. 



APPENDIX E 

PARTICIPANT DATA 
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PFDS EXPERyMENTAL DATA 

INDIV HFT ITEMS ATT ATT RANK RANK 
NO. (PRE) (POST) HFT AlT 

10 .25 4 79 74 12 202 

11 6.25 7 61 59 53 70 

12 4.00 1.3 66 72 35 104 

13 ·.25 14 66 63 8 114 

14 7.50 15 67 70 71 123 

15 .. 1.75 16 62 57 2 81 

16 4.25 20 68 58 36 131 

17 6.00 21 67 72 52 119 

18 7.75 29 82 77 73 209 

19 6.50 32 67 67 57 121 

20 3.00 9 64 70 28 95 

21 7.00 9 69 65 68 144 

22 7.00 9 70 71 67 153 

23 1.75 10 61 77 20 69 

24 0.00 12 65 69 11 100 

25 0.00 15 59 71 10 63 

26 6.00 17 70 77 51 158 

27 6.50 23 61 65 S6 76 

28 2.50 30 63 66 25 87 

29 6.50 37 70 63 55 154 

30 1.00 7 66 68 16 116 

31 2.00 7 67 68 23 117 

32 6.75 10 74 73 60 181 

33 3.00 10 62 71 27 79 

185 



186 

INDIV Hf'T ITEMS ATT ATT RANK RANK 
NO. (PRE) (POST) HFT AlT 

34 1.25 10 61 73 17 128 

35 7.00 15 62 68 66 82 

36 4.50 16 82 73 39 207 

37 5.15 27 68 73 48 140 

38 5.75 31 69 71 47 145 

39 4.75 38 83 74 42 211 

40 -.15 8 58 59 5 53 

41 6.15 10 68 10 59 141 

42 8.00 10 72 72 78 171 

43 -1.25 14 59 65 3 64 

44 4.00 14 59 69 34 61 

45 3.15 15 68 63 33 135 

46 6.00 16 58 63 50 55 

47 3.15 20 66 72 32 106 

48 7.00 29 65 80 65 98 

49 5.00 35 72 64 44 170 

50 11.75 5 65 62 130 97 

51 11.00 14 67 57 111 125 

52 8.75 15 64 76 86 91 

53 8.25 19 66 79 79 107 

54 11!25 21 70 72 120 152 

55 13,00 24 17 78 145 197 

56 11,50 26 66 67 124 112 

57 9.25 37 70 73 94 160 

58 9.15 45 66 69 99 108 



187 

tNOIV 101FT IT£MS ATT ATT RANK RANK 
NO. (PRE) (POST) 101FT A1T 

59 11.15 48 68 63 129 133 

60 8.00 10 76 84 11 192 

61 8.00 12 76 14 16 191 

62 13.00 15 62 54 144 80 

63 12.15 18 68 68 139 138 

64 10.00 22 66 60 104 115 

65 12.15 25 79 80 138 200 

66 8.15 21 70 67 85 151 

61 11.15 32 82 80 128 208 

68 11.50 45 64 50 123 90 

69 10.50 49 64 62 105 89 

10 11.00 10 61 13 116 120 

11 9.00 1l 13 11 93 118 

12 11.00 12 61 14 115 14 

13 8.00 17 72 11 75 112 

14 10.75 24 65 59 106 99 

1S 13.00 26 71 66 143 1'J6 

76 11.00 29 58 65 114 54 

71 9.00 33 61 65 92 122 

18 11.50 45 71 15 122 168 

19 11.00 49 84 74 113 212 

80 8.50 10 61 58 81 126 

81 13.00 14 66 13 142 113 

82 12~15 15 60 69 131 66 

83 10.00 20 66 65 103 110 
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IN(,)IV l-1f T ITEMS AlT ATT fUNK RANK 
NO. (PRE) (POST) HFT ATT 

84 10.00 24 74 73 102 185 

85 8.00 26 79 70 74 201 

86 13.50 29 73 70 147 177 

87 9.00 30 60 57 91 65 

88 9.00 36 64 71 90 96 

89 12.75 50 83 75 136 210 

90 19.00 16 63 65 192 85 

91 Ib.OO 20 72 70 170 175 

92 17.00 22 71 66 178 165 

93 19.00 25 61 58 191 68 

94 19.00 26 75 63 190 186 

95 18.00 29 69 71 182 150 

96 14.00 34 74 74 157 184 

97 18.75 47 62 60 184 78 

98 19.00 62 68 63 189 136 

99 14.00 63 69 b9 156 147 

100 21.00 13 74 68 194 183 

101 Ib.25 15 63 67 172 84 

102 14.00 19 72 55 155 113 

103 15.00 22 76 75 ll63 190 

104 23.00 26 68 66 1198 134 

105 14.00 29 63 55 1154 86 

106 16.75 46 69 14 174 149 

107 18.00 50 70 65 1.81 161 

108 16.75 52 61 56 173 72 
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INDIV HFT lTE"S ATT ATT RANK RANK 
NO. (PRE) (POST) HFT All 

109 21.00 69 6S 69 193 102 

110 16.00 21 73 66 169 176 

111 15!00 21 72 60 162 174 

112 15.75 23 73 71 167 180 

113 14.75 25 58 60 160 56 

114 13.75 29 59 85 151 59 

115 15.75 31 67 62 166 129 

116 26.00 32 64 71 200 92 

117 17.00 43 72 69 177 169 

118 13.50 51 75 67 146 187 

119 24.00 66 67 64 199 124 

120 1b.00 12 69 62 168 146 

121 17.00 17 66 70 176 105 

122 IS.,OO 18 74 73 161 182 

123 19.00 23 71 65 188 163 

124 19.00 24 66 -0 187 103 

125 18~00 25 59 63 180 62 

126 17.75 27 59 69 179 60 

127 13!75 31 81 74 150 206 

128 14.25 36 63 68 158 83 

129 22.50 130 64 70 196 94 

130 12.00 21 16 63 134 1 

131 9.00 40 53 39 89 29 

13? 10!00 14 53 65 101 27 

133 1.50 22 54 73 18 33 
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INDIV HFT tTEMS ATT ATT RANK RANK 
NO. (PRE) ( POST) HF'r All 

134 7.00 16 55 69 64 34 

135 11.15 52 55 57 12'7 39 

136 -.25 25 55 62 "7 38 

137 7.00 20 56 66 6] 45 

138 11.00 11 56 58 111~ 43 

139 8.50 15 51 66 80 51 

140 6.50 32 41 62 54 7 

141 3.75 10 47 SO 31 12 

142 11.25 15 47 72 119 10 

143 9.75 60 50 69 90 16 

144 .15 23 50 47 1 c· ., 18 

145 9.00 30 52 32 80 21 

146 11.00 29 53 62 175 26 

147 0.00 5 55 56 9 35 

148 9.00 12 56 63 81' 41 

149 13.00 24 51 64 141. 49 

150 14.00 30 46 70 15~1 9 

151 -3.00 8 47 34 11 

152 9.15 20 47 -0 91' 13 

153 6.75 22 50 47 58 15 

154 22.00 13 51 57 195 19 

155 7.50 13 52 -0 70 22 

156 2.00 37 52 71 22 24 

IS7 9.50 62 S3 57 95 30 

158 4.50 9 55 58 38 36 
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INDIV rtF 1 ITEMS A1T A1T RANK RANK 
NO. (PRE) (POST) HFT All 

159 4.75 25 55 60 41 37 

160 11.75 . 16 36 36 126 4 

161 1.75 50 44 65 19 8 

162 11.00 11 49 62 III 14 

163 13.75 21 52 65 149 25 

164 11.00 48 52 -0 110 23 

165 3.75 8 53 65 30 28 

166 12.00 33 54 58 133 32 

167 4.75 15 56 68 40 42 

168 .75 15 56 75 14 44 

169 5.25 L»2 57 60 45 50 

170 12.75 20 36 57 135 3 

171 2.00 32 56 -0 21 40 

172 8.75 108 57 56 84 48 

173 8.75 73 61 67 83 75 

174 7.75 21 62 59 72 77 

175 14.75 11 67 68 159 118 

176 14.00 7 69 69 152 142 

177 12.00 10 70 73 132 155 

178 11.00 28 78 71 109 198 

179 7.00 50 79 -0 62 203 

180 3.75 10 38 42 29 5 

181 .75 13 57 61 13 52 

182 22.75 9 S9 48 197 58 

183 9.75 4 60 66 96 67 
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INOIV HfT ITEMS ATT All RANK RANK 
NO. (PRE) (POST) HF'l All 

IB4 11.25 84 64 37 118 88 

185 11.75 109 70 69 1:!5 151 

186 13.75 8 70 72 148 159 

187 7.00 48 71 74 tH 167 

188 5.75 47 71 65 46 162 

189 10.00 59 80 83 100 205 

190 2.25 4 51 47 ,~4 20 

191 11.00 8 69 71 HI8 143 

192 15.75 8 61 60 U.5 73 

193 6.00 20 40 60 .,9 6 

194 19.00 29 61 4 1S6 71 

195 8.75 47 86 92 Sl2 213 

196 13.00 52 68 70 140 139 

197 11.50 55 67 72 121 127 

198 -.50 10 76 70 6 195 

199 11.00 90 66 68 107 III 

200 3.00 7 54 72 26 31 

201 15.75 10 70 72 164 156 

202 5.00 20 71 67 43 164 

203 19.00 7 78 69 185 199 

204 18~75 12 75 83 18.3 188 

205 16.25 14 27 22 171 2 

206 -.75 20 50 64 4 17 

207 4.50 5B 73 61 3'1 179 

208 7.50 57 68 -0 61; 130 



193 

INOIV 11FT ITEMS ATT ATT RANK RANK 
NO. CPRE' CPOST) HFT AlT 

209 12.00 179 80 87 131 204 

210 15.00 14 57 58 47 

211 13.75 34 71 73 166 

212 6.50 22 66 46 109 

213 23.00 23 68 69 132 

214 19.75 160 69 71 148 

215 12.75 8 64 72 93 

216 10.50 22 65 50 101 

217 1.75 ~5 79 77 194 

501 1'1.00 62 61 

502 20.00 69 65 

503 13.15 68 50 

504 14.15 68 61 

505 16.15 76 J7 

506 8.00 78 71 

507 13.75 75 66 

508 9.00 65 72 

509 12.00 61 66 

510 11.50 52 46 

511 4.75 53 42 

512 12.25 69 70 

513 .75 57 42 

514 11.75 65 57 

515 7.00 63 65 

516 19.00 79 73 



194 

INDIV HfT I Tf:MS ATT ATT RANK RANK 
NO. (PRE) (POST) HFT AlT 

517 2.00 54 67 

518 13.50 79 64 

519 12.00 70 68 

520 7.00 66 80 

521 .15 69 56 

522 12.00 65 57 

523 17.00 64 64 

524 11.00 69 69 

525 1S.00 59 55 

526 20.00 65 65 

527 .15 66 68 
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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 

Descriptor 

Avg 

N 

Range 

Groups 

arbitrarily assigned identifying numbers for the items 

descriptions of the items 

average of the importance ratings assigned to a given 
item by the delphi groups that included that item 

number of groups that included the item 

range of importance ratings assigned to a given item 
by the different Delphi 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 1- 4: 
5- 8: 
9-12 : 

13-16 : 
17-20 : 

21: 

Global 
Mixed 
Analytical 
Low Attitude 
Control 
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 i te::ns 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: 

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 

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 value, the highest iIl'.portance 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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TABLE F-l. (Continued) 
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TABLE F-l. (Continued) 
"'ANCiF 

T Tf,.. AVr, I'ILW I'IHT 

4.7 4.7 4.7 

Tn 1 FT 1111 SIll: 4.7 4.7 4.7 

l?nQ PUN~H nUT~ -~AJnR- iliUM Till .~ MT 4 Tn Q FT 1111 SIZF 4.7 4.7 4.7 

4.7 4.7 4.7 

4.7 2 

~?1 nl:PTH nF ~OlllcRFTF. ~OVFR 4.7 4.7 4.7 

~67 ~ATTGU~ C"'ARACTFRJSTICS OF ~A~H LAYFR 4.7 4.7 4.7 

4.7 4.7 4.7 

pQ1 TYPF OF S~RFAOER 4.7 4.7 4.7 

1~4~ AOT AFTFR EAC~ nVERLAY 4.7 4.7 4.7 

I ~7Q nEc:CRJPTIrN OF alllY UNUSUAL FaTLIIRF'S 4.7 4.7 4.7 

1~81 nlsTRTrT f'FSTG"J RATTNG/AIIIIIIUAI.LY 4.7 4.7 4.7 

I ,55 TPA"S~FRS~ CRACKT"r, -SFvERE_ Avr; "0 PFR STA EA .2 MT 4.7 2 

4.7 2 4.5 4.Q 

4.7 4.7 4.7 

,,<;~ ~C"r:RETF f'EC:TGN STRFNGTH (~nnIlLIIS OF RUPTURE) 4 4. I <;. n 

Cl9S , P KIP EQI.'lv Al(LFS PER nAy A~TER ~UH nVFRLAY 4.7 4.7 4.7 

4.7 3 4.n <;.n 

4.7 4.1 <;.n 

:>n4 ar~FSSAFlI\ TTY nF SURFArF WATFp Tn RaSF 4.7 

?21 PFRrE~T OF STARTLT1ATlnill FOp FA~H LAYFR 4.7 4.5 4.~ 

4,7 

4.6 2 

4.f', 7 

44~ nE"JC:ITV - STAATLTZFD RaSE 

3 

4." 1 4.4 <;.n 

4.~ 

Inntlnnnnnn n 

lnnnnnnnnn n 

lonnnnonnn n 

Innnnntlnnn n 

lnntlnnnn 

Inntlonnnnn n 

n Innnnn 

lonnnnn n 

lnnnnnn n 

Inno"nnn n 

1 nn n 

11nnnonnooo n 

Iln~nnnnnnn n 

Innonnnnn n 

1nnnnon lnnllnnnn 

lnnnnnon n 

lnnnnn 11 n 

1 nonnnl ~ n 

1 n 

lnnnnl n 

lonnoonnnl n 

I I 11 nnl nnl 1 nnnnnonn 

lnnnnnnn n 

lnnnonn 11 nnnn 

I nnl nl n~~n n 

lnnnnn n 

(Continued) 

N 
o 
N 



1 TF~ 

.RP ~PFCIFTCATloN TT~~ USEn FOR CnNCRFTF PAVF~ENT 

~5~ nE~IG~ DE~SlTY OF CONCRETE IWT/CU.FT.l 

020 ~PFcIAI C~~~ENT~ 

1~3q DE~TGN YEAR AOT 

~34 TE~PER~TURE OF ~TX AT LAY nOWN 

77~ LOCATION WHERE EMULSIFIED A~PHALT u~En IN MAINT. 

~16 TypF OF ~OND BRF~KFP 

1~26 AVFPAGE WEIGHT OF OVERLOAD 

1~22 NU~QER OF SUPER HEAVY WHEEL LOAns DAILY 

i35 P_vF~ENT THTCKNFSS OVERALL 

q97 IA KIP EQUIV. (nISTRICT ESTT~ATEl 

104 nEPTH OF FOUNDATION COURSE 

18n ~URSOIL C~NnITIONS 

39? TypF OF STARILI7aTION - SURRASF. 

1 =115 ~joInl'LOr::R RATIIliG SCORE - PRO.,I"CT 1~1 

~76 TRA~SVERSF JOINT SPACING 

38 6~TTCIPATFO FUTtlRE POPULATli'lN OF ARFA CO-IOI 

'07 TypF OF CCNSTRUcTTON CONTROl EACH LAYER 

~oS FC\l~'OAT I o. COUR~r: nfPTH - s ... OIJLnFR 

~94 PEpCENT Ci'lNTF~T OF STARILIZaTTON - ~UBRA~F 

.7R TypF nF ACP SURF\CF COURSE 

TABLE F-l. 

AVG 

4.5 

4.5 

4,5 

4.5 

4.5 

4.5 

4.5 

4.S 

4.5 

4.5 

4.~ 

4." 
4.5 

~8. TYPF OF TRANSVERSE JOINT SE~I FR - Ci'lNCRFTF PAvEMENT 4.5 

1>6~ AHII'AL "'''NT CO<;T OF SHOlJl.l'l.P SIJP'AI"r::/LAMF "'ILE 

Iii LOCATION ~F TE~POPARY 1>1GI-IT nF WAY IISF A(;IIEEMFNTS 

In7R TYpF r,F 51 RFACF FAILURF FIR~T OR~FRvFn 

4.5 

4.5 

(Continued) 
RANC;F 

i'lL'll PHI 

3 

2 

2 

4 

3 

4·6 4.6 

4.6 4.6 

3.7 5.0 

4.4 4.7 

4.6 4.6 

4.1 ".0 

4.1 5.0 

4.1 ".0 

3.6 5.0 

4.5 4.5 

4.5 4.5 

4.r; 4.5 

4.0 s.n 
4.3 4.8 

4.5 4.5 

4,"1 4.5 

4.Ii 4.5 

4.5 6.5 

4.5 4.5 

4.5 4.5 

4.0 ".0 
4 • ., 4.5 

4.1'1 ".0 

10 

1000000 

10 

11000001000 

n 

n 

n 

I) 

o 100010000 

o 

101000000000 

1000010 o 

10 100011 

1111l1111111110111l0 

o 1000noo 

Inno!)oOO o 

100nOOoono 0 

lInoo 10100000 

looonnoooo 101nnoo 

11'l00 0 

Ion 1'1 

100000nn n 

10000000000 o 

1001101'10000 o 

1001l0nnooo 1'1 

0100001'l0000 

lonnonOOIO 

o 

o 

111l o 

1010 

n 

100nl0nnnnn 1'1 

c 

o or. 

(Continued) 

N 
o 
w 



TABLE F-l. 

li04 ~fRVIC'ARTLTTY TND~a AT DECTSION TO OVFRLAY 

lios cFPVIC~A~'LITY TNnEa AFTER Ft~H OVERLAY 

51 I OCATTON CF TRA~FIC SIr,NS 

'164 ~PAcr~r. OF La~r,TTunINAL CRArKC 

f'\ISTRT~T 'U"'RER 

491 rONCRETE PAVE"F~T THICKNESS 

i2S OATF wInE~ING COMPLETEn 

11 F~f'\'NG MILEPotNT 

'?4~ A~NUAL SWFLLIhG CLAY RATE - SFLECT [OCATTONS 

.17 CLA~SIFICATI0~ OF RASE 

"'55 AVFPAGE R~A" BREAKS 

," PAsE THIC~NESS - TRnFFIC LA~F 

1-11 nAT~WLO (~ESIGN AVG TEN HEAVT,ST WHFEL LOADS DAILY' 

.54 ra .. PRESSlvE sTRnlGTH (IJNCONr:-tMEnl - CF.wENT STAB RASE 

1;16 CRACKING !Sa FT/I00~ sa FTI AT OFcI~ION TO OVFRLAY 

li5~ ~PACINr, OF TPANSVERSE CRACK~ 

915 sPFcIAl DFSlr,N PRaRLEMS 

1:13 lO~,r.t T!mI~ AL JOINT SPACTNG 

1}0 RRFVE"TIvF "AINTFiliHICE MFAs"RrS 

pep DFnUCTTON IN PL,STlrITY TNnFY RY ~T~RTLI'ATlnN - LAYFR 

AVG 

4.5 

4.5 

4.5 

4.5 

4.5 

4.5 

4.4 

4.4 

4.4 

4.4 

4.4 

4.4 

4.4 

4.4 

4.4 

4.4 

4.4 

(Con t inued) 
IoIANr,F 

RLW PHI 

14 

3 

6 

5 

3 

2 

3 

4 

3 

2 

2 

2 

6 

3 

4.5 4.5 

4.5 4.5 

4.... 4.5 

:3.f! 5.0 

4.<; 4.5 

4.2 4.8 

4.0 4.9 

4.n 4.8 

4.1 4.8 

4.4 4.4 

4.4 4.<; 

4.2 4.1 

4.4 4.4 

4.4 4.4 

10000000 

10000000 

o 

'011000 

n 

o 

10000 

11111101001 1011nll01 

10000000 o 

101001000 o 
1000n 

1(101)}0 101 

n 1000000 

InooooooolOOlnnoonO 

lnnOnooloo~oooono 

Inn llnonnn 

101000010 In 

lonOlonnn 

100oonol o 

1 nooooon o 

1100nonooon 

10 10000nn 

Inn o 

'''0(\0000 n 

lonoooOOl ,O",ooon 

o 

11 10 

Inonnoonnn o 

I I ol)nonn o 

n 

n 'nnO~n()nn (Continued) 



TABLE F-l. (Continued 
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TABLE F-2. LIST OF REDUNDANCIES REPORTED 
DURING DELPHI PROCESS 

Original 
number 

19 211 

31 476 

82 203 

96 107, 437 

98 99(2), 100(2) 

Same as 

135 137, 217, 224, 421, 424(3) 

140 141 

165 156, 167(3) 

147 152 

205 334, 383 

211 212, 213(2), 419 

( ) frequency 

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 
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246 
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263 

264 
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257, 
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559 

438 
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401, 455, 

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 

484 

485 

343 344(2), 348, 384, 392 

360 
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367, 381, 383, 384, 387, 397, 402(3) 
368, 372, 366 (Continued) 
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Original 
number 

Same as 

397 384, 398, 399, 400 

408 409 

415 
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424 
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464 

477 

500 
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564 
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592 
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595 

611 
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667 
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688 
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418, 435 

417, 435(4) , 436, 437 

447 
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436, 437 
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627, 491 

277 

649, 653 
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570 

598 
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603, 606 

596, 597 

596, 597 

596, 597 

597, 596 

601 (2) 

604 (2) 

626, 633, 673, 674, 675 

669 

683 

689 

693 

( ) frequency 

241 

(Continued) 



242 

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 96 7, 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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