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ABSTRACT

The purpose of this research is to develop an information

system to input public values into the planning and evaluation process.

A hierarchy of goals is developed and disaggregated until terms

meaningful to the general public, and describing the state of the

world, can be input to the disaggregation. The relationship between

the planning process and the public values expressed by the terms

describing the state of the world is discussed.

A function is hypothesized to quantify one measure of perceived

well-being. The application of the quantifying function to the general

public and to sub-groups of the general public is discussed. The con-

ventional scaling techniques of ranking and rating are discussed and

compared with a general allocation technique and other psychologic

scaling methods to estimate the parameters of the quantifying function.

A power function is tested against the satisfaction ratings

given a group of samples of water of varying clarity. The parameters

thus estimated are significantly greater than zero. The general allo-

cation technique was used to recover the parameters of the quantifying

function and compared to the parameters estimated by the regression

analysis. The general allocation technique showed promise as a means

of recovering the public values. The general allocation technique was

viii
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then applied to determine the goal and sub-goal preferences of sub-

jects in Arizona and the Rio Grande Valley of New Mexico.

The research indicates that community values can be input to

the planning process by use of the disaggregated goal structure and

the quantifying function. The general allocation technique, used in

a mail survey, shows promise as a means of recovering community pref-

erences. The disaggregation of community goals may provide a means

of linking the technical criteria of the professional and the values

and goals of the general public.

The development of a hierarchy of goals may provide an

additional tool for decision makers and professionals in their analysis

of public values.



CHAPTER 1

INTRODUCTION

The purpose of this research is to develop an information system

to input public values into the planning and evaluation process. Knowl-

edge of public goals and values is required by planners and decision

makers to reflect the effectiveness of proposed projects in terms of

improving the public welfare. The attainment of the goals is measured

by criteria which are quantitative measures reflecting the state of

the world. Once the criteria have been selected, it is necessary to

aggregate the information into a more usable form for presentation to

a decision maker. The problem consists of the following parts: selecting

a set of community goals; disaggregating the goals until measureable

indicators can be found to indicate the degree of achievement of the

goals; develop a means of aggregating the information developed at the

lower levels of the disaggregation to measure the top level goals; and,

specify how the information should be collected from the community and

presented to the decision maker. The development of such a system would

provide one possible basis for choice between alternative water resource

projects.

The research reported here is a sub-project of a three year

study to develop an alternative means of evaluating water resource

projects. The first year was concerned with the development of an

1
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information methodology called the Strawman. The second year developed

social indicators and refined the Strawman. As part of the second year

study, a tutorial team of the Civil Decision Program, conducted by the

Department of Hydrology and Water Resources, University of Arizona,

participated in a test of the planning information system. Two

counties, Pima County, Arizona, and Suffolk County, New York, were

compared with respect to water, sewer and solid waste management plans.

The final year of the study to develop a new planning methodology was

a demonstration of the Strawman in the Rio Grande river basin, New

Mexico. Alternative future developments were prepared by other sub-

projects of the basic study and information was collected on the effect

of each alternative future on the Rio Grande valley. The sub-project

of which this research is a part, had two goals: 1) to provide a

perceptual model of the effect of each alternative and, 2) to develop

a means of aggregating information for use in a planning system.

Both goals are discussed later in this chapter. This dissertation,

then, is one link in a chain of studies on planning methodology.

The research of which this dissertation is an integral part

was conducted by a tutorial team of the Civil Decision Program. While

other team members concentrated primarily on the development of the

perceptual model mentioned as step 1), the author primarily developed

and tested the aggregation methodology. The research was conducted in

four general steps: 1) identify a set of community goals; 2) develop

an aggregation methodology; 3) validate the aggregation methodology;

and 4) apply the methodology.
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The remainder of this chapter is organized into a discussion of

planning and the public interest, the planning process, the need for

a new methodology and the role of public input in that methodology.

An outline of the remainder of the dissertation and the relationship

of this dissertation to the team report are also given.

Planning and Public Interest 

There is no difficulty in finding agreement with the principle

that public planning and policy should be in the public interest or

promote the general welfare (Biswas and Dune, 1971, P. 1137; Luce,

1972, p. 101; Bishop, 1972, p. 724). To achieve this objective would

require a determination of the goals of the community, the relative

priority of the goals, how development can best achieve these goals

and what policies should be formulated to achieve the goals (Biswas

and Dune, 1971, p. 1138). The goals and policies will of course

be related to the popular culture and will vary over time. In addition,

unfortunately, the perception of the goals, and the means of attaining

them, are not always common between resource decision makers, who

control allocation of resources, and the public, who experiences the

effect of the allocation. An example of such differences is reported

by Mitchell (1971, p. 147). Mitchell studied the viewpoints of the lay

public and technical water managers concerning problems in Southern

Ontario. Perceptions, attitudes and behavior of individuals and groups

of individuals were studied to test the hypothesis of differences

between technical water managers, or decision makers, and the general
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public. The hypothesis was confirmed. Since planners, or professionals,

are not the ultimate decision makers, and, since projects must be

accepted by the public, one consequence of the above difference in

perception of goals has been public rejection of some projects and

actions recommended by community leaders (Biswas and Dune, 1971,

p. 1142).

Basic to the relationship between decision makers and the

public is an understanding of the cultural values each possesses.

Goodenough (1963, p. 50) discusses two concepts of relevance: wants,

or the state of affairs the group desires to achieve or maintain; and,

needs, or those actions and the conditions that make them (the wants)

possible. Figure 1-1 illustrates the relationships between decision

makers and the public. The wants attributed to the public by the

decision makers are influenced by the acculturation of the decision

makers, their previous experience, the situation, and the role the

decision maker plays or is expected to play (Biswas, 1973, p. 750).

As illustrated in Figure 1-1, much of the current information about

public wants is filtered through professionals; engineers, lawyers,

etc. This has resulted in cases where, as Biswas (1973, p. 753) con-

cludes; planners have not been aware of the needs of society and,

consequently, made decisions or recommendations inconsistent with public

values.

One possible solution would be to present the decision maker

with more information on the public reaction to a proposed project.
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The current methods for achieving this are discussed in Chapter 2, and

the methodology proposed in this study to provide the decision maker

with more information on public reaction to a project will be described

later in this chapter. The primary intent is to open the information

channel between the decision maker and the public in order to input

public opinion before the decision is made on a project.

The Planning Process 

The planning process can be defined as the orderly consideration

of a project from the original statement of purpose through the eval-

uation of alternatives to the final decision on a course of action

(Linsley and Franzini, 1964, p. 633). Alternatively, the planning

process can be defined as a prelude to the final decision involving

the basic planning steps of 1) recognition of a problem, 2) planning

to relieve the stress created by the problem while meeting public

goals, and 3) choosing the set of alternatives to be considered (National

Water Commission, 1973, p. 365). The purpose of this section is to

briefly review the planning process as defined by the National Water

Commission and identify how the proposed information system contributes

to involving the public in planning.

Model of the Planning Process

A simplified model of a planning process will illustrate the

steps required. Following Lee (1971, p. 46), the planning process can



be characterized as follows:

1) Recognition of a problem and the specification of

objectives and criteria to solve the problem.

2) Development of alternative plans.

3) Collection and aggregation of information relating

the plans to the objectives.

4) The decision makers review alternatives and may require

the generation of additional alternatives and infor-

mation.

And, while not considered as a formal part of the planning process, the

final end involves a choice of one alternative to implement, thus:

5) One alternative is selected and detailed plans pre-

pared for implementation.

Assumptions underlying Lee's model are that decision makers and

engineers have knowledge of public values and make their decisions to

enhance the public good. In fact, the objectives and criteria are

likely to reflect an "elitist" professional opinion and be unrelated to

the public. One important aspect of the model is the effect of politi-

cal pressure in the selection of which alternative to implement (Step 5).

The decision maker may reject all the alternatives and require further

detailed study. The decision maker is also under pressure from bureau-

cratic agencies within the government and interest groups within the

community. Each has its wants and will try to influence the decision

maker. How the decision is actually made is beyond the scope of this

7



study. Of primary interest is the collection of information on alter-

natives and its presentation to the decision maker.

Common Deficiencies in Planning

The structure of most planning agencies, combined with the

cultural bias of the professional staff of such agencies, leaves the

decision maker a limited choice of alternatives with little information

on the public's reaction to any of the proposed alternatives.

In most planning agencies, information is processed through a

hierarchy of levels. The lowest level planning unit considers numerous

alternatives, screens them, and reports those considered best to the

next level. The final decision maker, then, does not have to review

a large set of alternatives but only a single alternative or a small

set of alternatives. One reason for the use of the "screen and select"

process is that the final decision maker does not have the capability

to absorb and use all the information gathered at the lower planning

levels. With the defining of alternatives left almost exclusively to

the engineers on the planning team, the decision maker is usually

presented an engineering solution. For this reason, the planning pro-

ceeds from the perspective of the planner and many individual social

consequences are not anticipated (Biswas and Dune, 1971, p. 1139) or

are only considered after the possible alternatives have been specified.

Thus, non-economic and non-technical aspects of planning many times

involve "studying the results of specified alternatives on physical

or social consequences" (Peterson et al., 1971, p. 19) or making

8
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the structure aesthetically pleasing (Altschuler, 1965, P. 381-2). The

deficiencies mentioned above have not gone unnoticed. Due to the

increased importance of social measures in evaluating water resource

projects and the general increase in the complexity and scope of water

resource planning, planning and evaluation techniques are currently

undergoing radical changes. The emergence of these changes in techniques

is described in the next section.

History of Water Resources 

As the scope and purpose of water resources development has

broadened and expanded, the evaluative techniques have changed to

accomodate greater complexity. With a single-purpose, single means

project the accomplishment of the project goal was measured by economic

criteria. As water resource planning evolved, projects began to include

multiple-purposes and integrated several means of achieving the purposes.

A multiple purpose project can be defined as a project designed

and operated to serve two or more purposes (Linsley and Franzini, 1964,

p. 651). Under this definition, the first multiple purpose project was

the Sacondaga Resevoir in the Hudson River Basin. This was a surface

impoundment designed for flood mitigation and hydroelectric power

generation. As a corollary to the definition of multiple purpose a

multiple means project can be defined as a project designed and operated

to achieve its goals by two or more distinct means. A project which

provided water from surface impoundment and pumped groundwater would

be a multiple means project.
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As projects evolved to multiple purpose and multiple means,

direct benefits became less important in project analysis and indirect

and secondary benefits and costs became more important. Many of the

indirect and secondary benefits and costs became more important. Many

of the indirect and secondary costs and benefits had no market price.

Surrogates for market prices, e.g., opportunity cost and shadow price,

were developed. With expanding public consciousness of the environment

and aesthetic quality of life, a personal element entered, not readily

quantified by traditional means. The effect of changing strategies

and cultural values on the legislation governing water resources can

be seen in even a cursory glance at the history of such legislation.

Peterson et al., (1971, p. 3-7) presents a brief overview of these

changes as an introduction to their development of a planning infor-

mation methodology. Beginning with Secretary of the Treasury Gallatin's

Report on Roads and Canals of 1808, water resource development expands

to include a broad spectrum of goals under the general heading "Human

Welfare". The following sections are abstracted from Peterson et al.,1971.

Gallatin's report advocated three goals: economic development,

further political unity and military defense. These reflected the needs

of a small, newly formed but expanding country, with a seemingly endless

wilderness to conquer. The expansionist policy continued through the

post-Civil War period and was again formally supported by the 1902

Reclamation Act. Agricultural development and cheap transportation

became features of development. By the early 1900's multiple-purpose
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projects, to include not only navigation and irrigation but also hydro-

electric power, flood control, domestic and industrial water, land

stabilization, drainage, watershed protection and enhancement of outdoor

recreation and fish and wildlife, eventually became the standard.

Economic development remained a widely supported common objective.

Standards for evaluation of flood control projects were set

by Congress in the Flood Control Act of 1936. The Act declared the

project should be constructed if the benefits exceeded the costs. The

key phrase being "to whomsoever they may accrue". This allowed con-

sideration of benefits to those not included in the original project

planning and thus increased the chance of approval. In the same

sentence, the Act requires that the "lives and social security of people"

be not adversely affected. This legislation led to the development of

benefit-cost analysis and the importance of the benefit-cost ratio in

deciding which projects to undertake.

The effect of the benefit-cost development was felt with the

publishing of "Proposed Practices for Economic Analysis of River Basin

Projects" (Water Resources Council, May 1958) by the Subcommittee on

Benefits and Costs of the Federal Inter-Agency River Basin Committee.

While this incorporated human welfare in its framework, its only stated

goal was general economic welfare. While the Green Book was never

officially adopted, its basic philosophy and many criteria were contained

In Budget Circular A-47 (1952) issued by the U. S. Bureau of the Budget.
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This set an essential criterion that "its estimated benefits to whomsoever

they may accrue exceed its estimated costs". This represented a triumph

for the benefit cost ratio as the sole criterion for project justifi-

cation and led to dissatisfaction within Congress with A-47.

An interdepartmental agreement entitled "Policies, Standards,

and Procedures in the Formulation, Evaluation and Review of Plans for

Use and Development of Water and Related Land Resources" was approved

by the President for use by federal agencies in 1962. This was sub-

sequently published by the Senate and became known as Senate Document

97. General welfare was reintroduced as a goal of water resources.

The document called for the best use of water and related land resources

to meet the country's needs and designated three objectives of water

resource planning: Development, Preservation, and Well-being of people.

No weight was assigned to any goal and the requirement of a benefit-cost

ratio greater than unity was dropped. However, the Office of Management

and Budget was not prevented from using a ratio greater than unity as

its awn standard and economic efficiency remained a standard.

Increased concern with water and related land use planning

prompted further reports, this time by a special task force of the Water

Resources Council. A preliminary report in 1969 on the proposed

"Principles and Standards for Planning Water and Land Resources" advo-

cated four objectives.

1) To enhance national economic development

2) To enhance the quality of environment
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3) To enhance social well-being

4) To enhance regional development

This represented a further move from a pure economic efficiency

criteria to one of social welfare. Under the "Orange" book, however,

no one objective was given priority.

The July 1970 Water Resource Council Task Force Report advocated

the four same goals. After negotiation with the Office of Management

and the Budget, the goal of "enhance social well-being" was dropped and

the proposed Principles and Standards were published in the Federal

Register on 21 December 1971 (36 F.R. 24144) with the goals: The

overall purpose of water and land resource planning is to reflect

society's preference for attainment of the objectives to enhance

national economic development, to enhance quality of the environment,

and to enhance regional development. The effect on social factors

was still to be reported for each alternative plan. The public

hearings reflected a great deal of interest in the proposed Principles

and Standards with 11,832 comments made (Water Resources Council, 1972,

p. 2). Table 1-1 shows the comments by type and number. The great

concern over the discount rate may reflect concern over delay of

projects, or a desire to delay projects for environmental reasons. The

concern over more public participation in the planning process seems

to reflect dissatisfaction with current planning methods.



Table 1-1. Tabulation of Comments by Issue. (Water Resources Council,
1972, P. 2)	 (More than one comment may have been made
by one person.)

Discount Rate

Set discount rate less than 7% 1431

Set discount rate equal to 7% 121

Set discount rate greater than 7% 1667

Environmental Quality Objective

Top Priority 1393

Very Important 148

More Public Participation 1311

Restore Social Well-Being Objective 151

All Others 5620

Total 11832

14
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Each step in the development of water resource planning attempted

to set objectives for the 'best' utilization of water resources. The

differing viewpoints must be accepted as an honest attempt to protect

the interests of the general public and promote the public good. Each

has identified goals, or objectives, with emphasis on general welfare.

The Technical Committee of the Water Resources Centers of the Thirteen

Western States in its report (Peterson et al., 1971) indicated agreement

with many of the principles expressed in past reports and the concept of

a comprehensive array of objectives or goals. It was also concerned with

the development of quantifiable measures to evaluate the effects of

plans on goals. To fulfill the requirements of a comprehensive planning

system, in the committee's words,

It was tentatively concluded that the way a consistent rela-
tionship could be established between water resources actions
and national goals was to precisely identify all (or at least
most) of the principle characteristics and phrases which gave
meaning to national goals.

The task was then to define a set of national goals and relate

water resource development to them. This constituted a change from

past systems which defined goals for water resource development without

specific national goals. It further continued the trend toward total

evaluation of project effects. The development of national goals was

related to historical precedent, present concern, and future viability.

The needs that were attacked by the Technical Committee, then,

were a set of national goals, relations between these goals and water
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resource planning and a quantifiable set of measures to evaluate the

success in meeting the goals. The goal set was designed to encompass

a broad spectrum of human wants under the generic of human welfare.

An overview of the methodology is in the next section.

A New Methodology 

The "Strawman" is a hierarchical array of elements designed to

disaggregate human welfare in a tree-like structure of goals. The core

is a set of nine prime goals which are descendingly disaggregated into

further categories called sub-goals and concluding with measurable

physical indices called social indicators. The inclusion of a connective

expressing the effect of a sub-goal on a higher level sub-goal or goal

makes the array a quantifiable information system.

Figure 1-2 presents a schematic of this general plan. This

report is the foundation of our work in its philosophy and design. The

nine prime goals of the Strawman are:

1) Collective Security

2) Environmental Security

3) Individual Security

4) Economic Opportunity

5) Cultural and Community Opportunity

6) Aesthetic Opportunity

7) Recreational Opportunity

8) Individual Freedom and Variety

9) Educational Opportunity
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Figure 1-2. General Design of the Strawman Planning Information System.
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The "Strawman" provides two improvements to the current system;

1) the input of a greater number of social indicators than are now

considered (Peterson et al., 1971, P. 20) and 2) a method of aggregating

information for higher planning, or decision levels without losing the

information or eliminating alternatives. The first improvement means the

criteria and goals for human welfare are pre-specified and not dependent

on the plan. The Strawman in addition, requires a broad range of goals

and social indicators be considered. The second improvement allows

more alternatives to remain in consideration at higher planning levels

without overloading the decision maker. Each alternative will have a

set of nine indicators at the highest levels of the Strawman. Any

alternatives clearly dominated would be eliminated at lower planning

levels. Even so, the decision maker could expect an expanded list of

alternatives. The decision maker now has choices. He may be satisfied

with the information presented and make a decision. He may desire more

information than is available at the goal level and delve into lower

levels of the goal hierarchy or he may wish to examine the effects of

replacing the highest ranked alternative with a lower ranked alternative

that may have more effect on a geographical region or social grouping.

For this research project, the Strawman was accepted as a starting point

because of the increased goal set, the expanded social indicator set

and the potential for public input.
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Goals for Public Input 

Not every social goal lends itself to direct public input. The

primary areas suitable for public input are those about which the public

is concerned. The individual, or the society, perceives a goal as

important and having a significant effect on his well-being. One other

characteristic of an area suitable for public input is likely to be the

non-acceptance of professional opinion saying the goal is achieved. The

individual must believe he is better off or he will be dissatisfied.

One example is the general area of aesthetics. A building is often

described as aesthetically superior. But, if most people do not like

the design, or are offended by it, the goal of improving the aesthetic

quality of the area has not been achieved. In order to determine goals

suitable for public input, a survey of planning and goal-related litera-

ture was undertaken.

Schimpeler (1967, p. 46) advocates several dimensions for urban

objectives: cultural, political, ethical, aesthetic and economic. The

planning process advocated by Schimpeler, was directed toward selection

of a transportation system to serve metropolitan areas. Each trans-

portation system was to be evaluated against specific objectives under

each goal area. As part of the evaluation, the objectives were ranked

by a citizen's advisory group, a planning task force and student control

group. The objectives used in the study and their rankings are presented

in Table 1-2.

The Water Resources Council has also considered the area of

social well-being. In the recently promulgated Principles and Standards,
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the factors afflicting social well-being are listed as: real income,

security of life, health and safety, educational, cultural and recrea-

tional opportunities, and effects on emergency preparedness. The

effects may be expressed in dollars, other quantitative units and

qualitative terms (Water Resources Council, 1973, p. 81). The methodol-

ogy used to develop the goal areas of the Council is not described in

the Principles and Standards but preceding water resource management

would strongly influence the goal areas chosen. In addition, public

hearings on the interim Principles and Standards provided additional

public input. Because the Principles and Standards are the legal

basis for executive review of water resource projects; are the results

of several years of effort; have had extensive review, comment and field

testing; and include public comments, they were weighted heavily in

choosing the goal set for public input.

Professional planners have exhibited an increased awareness of

public values and goals. Reynolds (1964, p. 41) indicated that public

expectation indicated goal areas of economics, order and beauty. The

inclusion of these three goals is recommended by Reynolds as a minimum re-

quirement for project evaluation. Another publication recommends similar

goal areas of aesthetics, economics, sociology and efficiency (Simard,

1965, p. 103). A more comprehensive goal set is advocated by McLaughlin

(1969, p. 107-114) and includes aesthetics, healthy and sanitary living

conditions, economic health, accessibility (locational relationships),

comprehensiveness (completeness of facilities) and recreational activity.

The planning literature indicates the desire for public input to the
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planning process but remains vague on specific implementation pro-

posals.

The last document considered was a survey conducted by the

First Planning and Development District, South Dakota, on the needs of

the residents of the district. The survey respondents were asked open

ended questions to determine what the respondents considered the most

serious community problem and services needed in the district. The

results are presented in Table 1-3.

Based on the reports discussed above, four areas were selected

as appropriate for perceptual input from the general public: 1 ) Aesthet-

ics; 2) Recreation; 3) Economics; and, 4) Health. The basis for using

public opinion and the dissaggregation of the afore-mentioned goals

are discussed later.

Purpose and Scope

The objective of this study is to expand on previous research,

particularly that of Peterson et al. (1971), to identify those goals or

other measures suitable for public input and implement a methodology to

integrate that input with the planning process. To achieve this, the

tree like information structure proposed by Peterson is utilized to

relate quantified measures, called social indicators, to more general

statements of values, or goals (Chapter 2). A power function is

developed to model the perceived satisfaction with the environment

(Chapter 3). The common descriptors of the environment are identified
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Table 1-3. Responses to Human Needs Assessment, First Planning District

Community Services Lacking	Most Serious Community Problems 

Recreation	 Employment/Economy

Health	 Drugs and Liquor

Transportation/Communication	 Law and Order

Employment/Economy 	 Recreation

Law and Order	 Transportation/Communication

Liquor and Drugs	 Environment

Education	 Housing

Housing	 Health

Breakdown of family and religion

School Problems
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and become the variables of the satisfaction function (Chapter 4).

A methodology to determine the exponents of the satisfaction function

is proposed (Chapter 4) and tested (Chapter 5). The application of

the methodology is discussed and the results from two states are

compared (Chapter 6).

This dissertation is a subset of a more extensive team report

prepared by Tutorial Team 2, Civil Decision Program. Chapters 1, 3, 5,

and 7 were primarily written by the author and are completely reproduced

here. Chapters 2, 4, and 6 were primarily written by other members of the

tutorial team and will be summarized for this dissertation. Readers

interested in more detailed information on material in these abstracted

chapters should consult the Final Team Report, titled the same as this

dissertation (Judge et al., 1975).



CHAPTER 2

THE COGNITIVE STRAWMAN: PUBLIC INPUT

The purpose of this chapter is to discuss the revision of the

original Strawman (Peterson et al., 1971, p. 20) to better reflect the

way people think and to be amenable to the development of tradeoffs.

Important revisions included the inclusion of connectives between the

social indicators and the lowest level sub-goals to form a bridge

between the untrained citizen and the professional or planner. This

connective is called a mental indicator. The mental indicator forms

the basis for use of public opinion in the development of tradeoffs,

or weights. The weights are used in the reduction and aggregation of

the information from the social indicators.

The development of a public opinion base as discussed by

Rokeach (1970, p. 109-178) is reviewed. Rokeach defines a process of

value judgment beginning with physical perception and culminating in

a decision that must be consistent with the observer's fundamental

belief system. In terms of perceptual goals, the judgment of the

individual is equal to the judgment of the professional in evaluating

the effectiveness of an alternative in meeting social goals. Thus,

public opinion may enter the evaluation of management alternatives.

The definition of public opinion used in this study is the

expression of an attitude on an issue or proposition. The definition

25



does not require every opinion held by a group be input but only those

relevant to the issue or situation. Historically, the majority of

public input to planning has been primarily from established groups.

This study proposes to expand the input by means of public opinion

surveys. The surveys will define the mental indicators and allow

voting on the weights.

The input of public opinion requires the selection of a subset

of the Strawman about which the untrained layman can form a meaningful

opinion. The subset selected consisted of Aesthetic Opportunity,

Recreation Opportunity, Economic Opportunity, and the Health Security

sub-goal of Collective Security. Other goals of the original Strawman

were not considered suitable for purposes of this study. A set of

rules was then developed to disaggregate the selected goals. The

actual disaggregation procedure consisted of interviews with subjects

from the undergraduate classes and analysis of community surveys

conducted by the city planning commission. From these surveys a

lexicographic, or frequency, analysis was developed based on responses

to open ended questions. The research team then combined the most

frequently used descriptors to form a Cognitive Strawman. The disag-

gregations are contained in Figure 2-1 through Figure 2-4.*

The planning process includes the collection and aggregation of

information. The procedure discussed in this chapter provides a

*Figures and Tables referenced in this chapter are contained in
the final report titled the same as this dissertation (Judge et al.,
1975, pp. 25-39).
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framework for information collection with an emphasis on public input.

A method for quantifying public input is presented in the next chapter.

27



CHAPTER 3

QUANTIFYING PUBLIC INPUT: A PSYCHOPHYSICAL APPROACH

The purpose of this chapter is to model the change in perceived

satisfaction caused by a change in the degree of achievement of a goal

or sub-goal of the Cognitive Strawman. The Cognitive Strawman developed

In Chapter 2 is the basis of a perceptual model of human well-being.

The model uses the perceived satisfaction with the degree of accomplish-

ment of the lowest level sub-goals as a means of quantifying well-being,

and further as a means to aggregate information for presentation to a

decision maker. This chapter uses the satisfaction function concept as

advocated in Collective Utility Theory and incorporates recent discoveries

of psychophysics, most notably by S. S. Stevens, that magnitude and value

may be modeled by a power function.

The chapter is structured as follows: the concept of a satis-

faction function is introduced; the historical development of perceptual

models is traced; the form of the satisfaction function is hypothesized;

and the use of the satisfaction function is discussed.

Satisfaction Function 

The lowest level sub-goals of the Cognitive Strawman, the mental

indicators, represent the perceptual link between the professional

criteria for evaluating projects and the public values. The purpose

28
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of this section is to define a means of quantifying public values and

discuss possible uses for the quantified measure in the proposed planning

information system.

Definition of Satisfaction

Satisfaction is defined as the expressed fulfilling of a want of

an individual or group, given the level of accomplishment of a sub-goal,

or mental indicator, of the Cognitive Strawman. The definition of satis-

faction is related to the definition of utility given by Lee (1971, p. 9)

as, "the attractiveness of a consequence to a person as judged from

foresight; this may differ from the contribution the consequence makes

to the persons welfare, as judged by others, or by himself in retrospect",

and, the definition of satisfaction formulated in the theory of collective

utility, as a function of the goods or services an individual will consume

given the state of the world and the action chosen by the decision maker.

Satisfaction, as defined in this study, retains the concept of "perceived

attractiveness" as advocated by Lee in the above definition of utility.

However, unlike the normal use of the utility concept, modeling how an

individual will make a choice given a set of external circumstances,

satisfaction, as used in this study, attempts to model how the individual

will feel after a choice has been made by a decision maker as it is

reflected in the social indicators of the Cognitive Strawman.

From the above definition satisfaction is related to the process

of perception.	 Perception can be defined as, "The immediate response
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of the organism to the energy impinging on sense organs" (Bartley,

1958, P. 23). This definition involves a stimulus, a receptor and a

response. The response may include a value judgment about the worth

of the stimulus. This may be related to the adjustment of the organism

to its environment (Newcomb, 1950, p. 98). A related definition of

perception considers it as man's "identifying sub-system" (Heimstra

and Ellingstad, 1972, p. 115) where detected stimuli are related

to past experience. The process of perception is influenced by three

factors: 1) what is expected, 2) what past experiences can be brought

to bear, and 3) the amount of new information from the environment

(Bruner, 1951, p. 123). Experiences which can be readily fitted into

past experiences can be handled by familiar rules for judgment. New

experiences are handled by attempting to fit them to familiar actions or

altering and combining past actions to fit the new experience (Goodenough,

1963, p. 147). Each experience becomes part of a history to be

consulted in future encounters. Value judgments are made and stored

for future use and may also affect the immediate feeling of well-being,

or the satisfaction.

The satisfaction function models the satisfaction expressed by

an individual from his perception of the accomplishment of one level of

sub-goal. The human being can be treated as a system which accepts

sense data as the input, operates on it and transforms the input into

an output (Luce, 1972, p. 96). While both internal and external output

are possible, the specific output of interest is the value judgment of
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satisfaction. The transformation from input to output is accomplished

in relationship to the physical, social and cultural background of

the individual. The causative component is the stimulus, the responsive

component the satisfaction and the link between them, the judgment

process.

Satisfaction will be modeled by a function with the physical

measurement of the social indicators as the independent variables of

the function. Thus,

S=f(X.....,11' X 12' 	X.) where, (1)

S is satisfaction, and

X. n is the degree of accomplishment of the nth componenti

of sub-goal i as measured by the social indicator.

The output of the model will be a numerical value predicting the

expressed satisfaction of the respondent or group being modeled. While

other factors may enter the total satisfaction level of the individual

or group, this study will only be concerned with those factors related

to the Cognitive Strawman. Thus, the model will assume other factors

are held constant and the social indicators measuring the sub-goal of

interest are changeable.

Need for the Satisfaction Function

In any planning process, a point is reached where the final

decision maker must be informed of the alternatives and asked for a

decision. In this case, it is necessary to present the decision maker
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with sufficient information to allow him to weigh the choices and eval-

uate possible outcomes of each choice. The amount of information on any

set of alternatives could be staggering and must be aggregated if

the decision maker is not to be overloaded. One use of the satis-

faction function is to aggregate the information obtained from the

Cognitive Strawman.

There is substantial evidence that humans possess a limited

information processing capacity (Simon, 1957, p. 256). Cyert and March

(1963, p. 107-110) imply this is also an attribute of an organization.

A decision maker within an organization would then receive information

from several sources; lower level units, higher level units, horizontally

and extraneous sources. To avoid an overload he will limit the input by

organizational structure, standard operating procedures or rejection of

information he is unable to use. The filtering process discussed in

Chapter 1 is one means of reducing the load caused by unwanted information.

A second desire of the decision maker is to reduce the amount of uncer-

tainty by using only information that can be easily checked, standard

operating procedures or extensive feedback and revision of previous

decisions. The decision maker will limit the amount of information he

receives to a level consistent with his ability to process the infor-

mation by one of the above methods. The exact level of information he

can process is highly variable with the individual.

In studies of information processing with simple stimuli, Miller

(1956, p. 91) indicates the span of judgment to be limited to seven stim-

uli. Further findings by Miller indicate the span of judgment increases
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as the information content of the stimuli increases, and that the subject

can increase his span by coding the information. Schimpeler (1967,

p. 146) indicates a maximum of eight goals can be rated by a judge.

Schimpeler also recommends stratifying the criteria into subsets to

expand the judge's span.

Condensing information, aggregation, saves the higher planning

or decision levels from being swamped by numerous details. The assumption

is that the final product truly reflects the aggregation of the details.

Information which can be quantified is better suited to mathematical

aggregation.

The satisfaction function provides both quantitative information

on the satisfaction derived from the level of accomplishment of a sub-

goal and a means of aggregating information at any level of the Cognitive

Strawman.

As described in Chapter 2, the Cognitive Strawman contains

several levels of sub-goals ending in a measureable indicator referred

to as a social indicator. The social indicator allows quantification of

the sub-goal it defines. As an example, the sub-goal of Aesthetic Water

Clarity is defined by the social indicator Turbidity. The measurement

of turbidity is relatively easy and by inserting the physical value of

turbidity in a satisfaction function, a quantified measure of satisfaction

with water clarity is obtained. The next step is to aggregate the measure

of water clarity with the remaining sub-goals of Aesthetic Water Quality

to obtain a measure of satisfaction with aesthetic water quality. The

remaining sub-goals are water odor and floating objects. A numerical
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value for satisfaction with odor and floating objects can be calculated

from their respective social indicators. The numerical value for the sub-

goals of clarity, odor and floating objects is input to the satisfaction

function for the goal of aesthetic water quality and a quantified value

for the goal calculated.

Applying the satisfaction function to the Cognitive Strawman

quantifies one measure of social well-being and aggregates information.

The basis for this quantification is a hypothesized model relating the

sub-goals of one level to the goal or sub-goal of the next higher level.

A review of the literature traced the emergence of such a model.

Historical Development of Perceptual Models 

The aggregation of information using the satisfaction function

depends on the perceived well-being, or satisfaction, of the affected

individuals. The preference process involves the reception of information

about the environment and a value determination (Peterson and Neumann,

1969, P. 220). A model of the value judgment can be inferred from a

review of perceptual models from the literature of psychophysics.

The basic principles of psychophysics concern the input-output

characteristics of any organism, man included. Psychophysics attempts to

model the response to a stimulus of sensory systems (Luce, 1972, p. 96).

The older, indirect methods of Fechner and Thurstone (Thurstone, 1959)

have given way to direct magnitude estimation of sensory stimuli. "The

word sensation refers to a construct that is built upon the reaction,

verbal or otherwise, made by organisms in response to stimuli" (Stevens,

1966b, p. 377). By the definition, perception requires input from one
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of the senses. The stimulation of sense organs is only a necessary

condition, not sufficient. Seeing lines of equal length involves the ap-

plication of concepts of "equal" and "length" (Hamlyn, 1957, p. 23). In

the "new psychophysics" the response must be extended in scope to include

not only reaction but judgment and opinion, belief and value formation.

Stevens (1966a and 1968, p. 195) advocates a power law model of

the relation between sensation level and stimulus level for many phy-

sical stimuli and equates the model to a psychophysical law that "equal

stimulus ratios produce equal subjective ratios". The power function

would thus be a necessary consequence on the ratio invariance of the

above stated psychophysical law. The procedure of magnitude estimation

would present an advance over the indirect techniques developed by

Thurstone to extend Fechner's procedures of sensory psychophysics to the

domain of attitudes and opinions (Stevens, 1966a, p. 530).

Stevens (1957, 1968) has demonstrated the validity of the psycho-

physical power law for a wide range of prothetic, or quantitative, con-

tinua. The perceived magnitude T grows with the physical value cp

raised to the power S.

= K ,4)
	 (2)

where K is an arbitrary constant (Stevens, 1960b, p. 234). The validation

of the power law for nine equal-sensation functions is shown in Figure

3-1 and Figure 3-2. Figure 3-1 is a list of exponents relating the

psychologic magnitude to stimulus magnitude for prothetic, or quantitative,

continua (Stevens, 1960a, p. 35). Figure 3-2 shows the results of a cross-

modality matching between nine prothetic continua and the force of hand-

grip (Stevens, 1960a, p. 34). All continua were plotted by Stevens as
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as straight lines on log-log paper. The figures present the results of

some of the earlier work on validating the power law. Since then,

others have shown the power relation for noise amplitude (Ward, 1973,

p. 195), sucrose concentration (Gregson and Russell, 1965, p. 254) and

various taste mixtures (Maskowitz, 1972, P. 257-262).

Form of the Satisfaction Function 

The power law of psychophysics was originally applied to simple

physical stimuli for ratio comparison to a standard. Recent experiments

have used the power law to model value judgments (Stevens, 1966a; Hamblin,

1971b), and tested the multivariate case (Hamblin and Smith, 1966, Hamblin,

1971b). If only one stimulus is allowed to vary the case reduces to a

single variable model. The single variable model will be tested in

Cahpter.5. The stimulus set will consist of the lowest level sub-goals

of the Cognitive Strawman.

As

The model assumes that the individual acts in the manner of a

rational man. The definition of rational must include the individual's

perception of his environment and his value set. Thus, the individuals

actions do not have to appear rational to an outside observer. The

following assumptions are basic:

Rationality - For every pair of outcomes, E and E', an

individual will either prefer E to E' or will



prefer E' to E or be indifferent.

Transitivity - For every set of outcomes E, E', or E",

if an individual prefers E to E' and prefers

E' to E", he will prefer E to E".

The rationality and transitivity assumptions indicate that people know

what they want and will be consistent in their choices. A ranking or

ordering may be obtained producing an ordinal scale as a minimum.

Davis (1958, p. 26-32) shows that intransitivities are unstable and

are caused by confusion or impulse choice. From the assumptions of

rationality and transitivity, satisfaction is a function of the sub-

goals of the Cognitive Strawman as follows:

S = f(X. ... X )	 (3)
, n

where, S is the satisfaction an individual expresses and

Xi is the degree of accomplishment of sub-goal i.

A predictive model would not have to model the judgment process

of the individual but need be concerned with the final action, or

output. The black box approach is well developed in engineering. The

components within the box need not be known. A transistor, treated as

a black box, can be said to have a transfer function which describes

the input-output relation. A person, treated as a black box, can be

said to have a satisfaction function which models his judgment. It

is necessary to model the input-output relation of the person, or

develop the individual's satisfaction function.

39



Development of the Hypothesis

Previous sections in this chapter have discussed the develop-

ment of a psychophysical model relating stimulus intensity to observed

psychological magnitude. The purpose of this section is to report

recent observations using the power function to model value judgments

and relate these experiments to the development of the satisfaction

function. The following sections describe a set of observations on the

state of the world that will form the basis for a set of hypotheses

for the satisfaction function and its use in the proposed planning

information system.

Four basic techniques have been used to measure the observed

psychological magnitude of a stimulus: 1) ratio estimation; 2) ratio

production; 3) magnitude estimation; and, 4) magnitude production.

Ratio estimation requires the subject to give the ratio between two

stimuli. Ratio production is the procedure where the subject sets a

stimulus to a given level when compared to a standard. Magnitude

estimation asks the subject to assign a number to stimuli. Magnitude

production requires the subject to set stimuli to match a given mag-

nitude. No one of the above techniques has been shown superior

(Stevens, 1957, p. 163-165).

A second method was developed as a means of checking the

exponents obtained by any of the methods described above. This is the

technique of cross-modality matching. The subject is required to set

40
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one stimulus to match a second stimulus. The basis of the match is

that if yi represents the observed psychological magnitude of stimulus

i, and (p i represents the physical magnitude of stimulus i, then,

, and	 (4)

11 =
	

(5)

Y2 = çb3

	
(6)

If the observed psychological magnitudes are set equal,

(p im = (p2n , and, taking logarithmns,	 (7)

.log 4) 1 = /log (15 2 .	 (8)

Plotting the physical magnitudes of the stimuli on log-log paper

produces a straight line of slope n/m. This technique has been used

with a great degree of success to verify the exponent values obtained

by the four methods of constructing ratio scales discussed earlier

(Stevens, 1960b, p. 239,240). Some of the results for these tests

were shown in Figure 3-2. This has been supported by results obtained

by Bruno, Hefferline and Suslowitz (1971, p. 117).

Also of interest to psychophysical researchers has been the

effect of threshhold of perception on the results obtained by ratio

scaling techniques. This variant of the use of the basic power law

model indicates:

Ti = K(cP i - (1) 0 )	 (9)

where, Ti is the psychological magnitude of stimulus i,

(p i is the physical magnitude of stimulus i, and

(po is the threshhold of stimulus i.
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This model provided significant results when tested against the reaction

to temperature. The specific model used was:

T = K(Tk - 305.7)
1.6 (10)

where,

Tk is temperature in degrees Kelvin.

o 
is the effective threshhold under the conditions at the time of the

experiment. The value of cp
o is subject to variation but the change is

generally small. For most stimuli the correction for threshhold is

not necessary (Stevens, 1960b, p. 247). The evidence for the power

law as a sufficient model of the psychological magnitude induced by

application of a stimulus of given intensity is strengthened by

threshhold tests.

The next achievement was the verification of the power law as

a model of value in a number of cases. Some value modeling was per-

formed as early as the 18th century when Gabriel Cramer and Daniel

Bernoulli, quite independently, conjectured that the value of money

may be a power function of the number of dollars (Stevens, 1966a,

p. 538). Later, Thurstone built on the work of Weber and Fechner to

develop a value scale using the variability of the responses as the

unit of measure. Stevens (1966a, p. 531-533) reports on a 1929

experiment by Thurstone and Chave using the variability of responses

to scale the strength of opinion of 300 subjects on 130 statements about

religion, and a repetition in 1959 of the experiment by Finnie and Luce.

The repetition of the experiment gave results highly correlated with the

findings. The subjects were asked to make magnitude estimates on
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the statements. The category scale obtained using the technique of

Thurstone and Chave was related logarithmically to the scale using

magnitude estimation. This is the result expected if the perception

of apparent strength of attitude constitutes a quantitative continuum

(Stevens, 1966a, p. 532).

Additional verification reported by Stevens include scaling

preferences for wrist watches, aesthetic value of handwriting, drawings,

and music, the importance of Swedish monarchs, occupational preference

and the pleasantness of odors. In each case, the experimenter had

scaled the preference by the Thurstone category technique and the

magnitude estimation technique. For example, using a study by Ekman

on the seriousness of offenses, Stevens (1966a, p. 537-538) plotted

the value of money involved in the offense against the magnitude

rating of the seriousness of the offense. The means of the judged

magnitude of the seriousness grew as a power function of the amount

of money stolen. The exponent of the power function was .17. The

study did not distinguish between monetary loss as a direct result

of the crime, robbery or theft, and monetary loss as an indirect

effect, as in loss due to vandalism.

The concept of multi-modality, or multiple cross-modality,

matching was applied to the scaling of opinion by Dawson and Brinker

(1971, p. 413-417). The subjects were asked to indicate the strength

of their opinions, by adjusting the loudness of a tone and the force

of their handgrip, for statements on racism, occupational desirability
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and pronouncibility of trigrams. Dawson and Brinker conclude that

direct scaling methods can be used to scale a wide variety of variables,

to include, sensory impressions and opinions. In addition, the

multimodality technique is felt, by Dawson and Brinker, to provide a

basis for quantification of sensory experience, opinion, and judgment

(Dawson and Brinker, 1971, p. 417).

Hamblin and Smith (1966, p. 187) report their use of ratio

estimation to determine local and professional status of professors.

A multivariate model of status was hypothesized as follows:

R = cS1n1 ...Sk
nk
	(11)

where,

R is status, and

Sk is the magnitude of the kth stimulus which produces feelings

of approval, respect or esteem. Twelve graduate students were used

as subjects and rated 13 faculty members for status. Status was

Indicated by drawing lines comparing status to a standard, in this case,

a professor assigned a line of 10 centimeters. After measuring status,

the subject was asked to estimate the teaching ability of the professor,

their professional status, professional appearance, cordiality and the

merit of their publications (Hamblin and Smith, 1966, p. 189). The

study was conducted in January and again in March. The results were

analyzed by regressing the median of each variable using linear mul-

tiple regression. Table 3-1 gives the results as reported in Hamblin



Table 3-1. Regression Results for Professorial Status as Perceived
by Students.

(All variables significant at .05)

Multiple Regression Results for Local Status

Study I Study II
Variables Regression t Regression t

Coefficient Value Coefficient Value

Merit of Teaching .46 4.18 .83 6.21

Professional
Demeanor .51 4.60 .55 6.23

Multiple Regression Results for Professional Status

Professional Age .45 7.83 .16 4.6

Merit of Teaching 1.12 20.00 .63 5.6

Cordiality -1.09 -12.30 -.47 -2.7

Merit of .62 10.1
Publication

Professorial -.61 -6.21
Appearance

Likability .52 13.5

45
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and Smith (1966, P. 190-191). The r2 for local status was .97. The

Standard Error of the Estimate (SEE) was not reported. The number

of professors in the second study was 13 while the first contained

only 8. Hamblin and Smith (1966, p. 190) suggest this accounts for

the differences between the studies and feel the second study to be

the more accurate.

Hamblin and Smith (1966, P. 193) reported the hypothesis of a

multivariate power function model of status to be confirmed. They also

observe that it might be as easy for observers to estimate the status

of universities, cities, or of nations, and use the same modeling

technique.

Further experimentation in the modeling of status produced a

model relating education and income to status. Figure 3-3 is a first

approximation of how stimuli produce status in mass society (Hamblin,

1971b, p. 429). E and I represent education and income respectively.

These produce components of status S
e 

and S
i 
respectively. The remaining

symbols represent the remaining elements of status not tested. Hamblin's

first experiment investigated the relation between education and edu-

cational status and income and income status. Two samples were drawn,

the first a group of 22 college students and the second 30 seamen of

the U. S. Navy. The results are presented in Table 3-2.

As shown in Table 3-2, educational status demonstrates increasing

marginal utility while income status demonstrates decreasing marginal

utility. The use of a threshhold produced significant results in this

case.
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Figure 3-3. Effects of Perceived Attributes on Status.



Table 3-2. Summary of Status Estimates.

(Standard error of estimate and significance not reported)

Education r
2

Income r
2

Navy Data S
e
=.16(E+4) 2.14

.996 S.=c(I-1000) .51
.997

College Data S
e=.28(E+4)

20
.986 S.=c(I-1000) .54

.994

48
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A second experiment tested a bivariate model of educational and

income status with the same sample of 30 seamen reported above. The

model used was:

n
i 
n n

S = cS
i S e e5 o

o (12)

A list of 14 stimulus individuals was prepared giving income, education

and occupation for each individual. Each subject estimated the status

of each stimulus individual. Each subject estimated the status

of each stimulus individual. Hamblin then compared his results with

results obtained by two other experimenters, Shinn and Rainwater. The

comparisons as reported by Hamblin (1971b) are presented in Table 3-3

and Table 3-4 respectively. Hamblin credits differences in accultura-

tion with producing the differences in the exponents reported in Table

3-3. He also suggests the above described experiments indicate that

the psychological methods developed by Stevens are readily adaptable

to social science matter involving multiple stimuli, such as proposed

in the Strawman goals and sub-goals (Hamblin 1971b, p. 439).

The evidence for the power law as a sufficient model of the

psychological magnitude induced by application of a stimulus of given

intensity is extensive (Stevens, 1957, 1959, 1960a and 1960b, 1966a and

1966b, 1968; Ward, 1973; Gregson and Russell, 1965; Maskowitz, 1972;

Hamblin, 1971a, 1971b; Hamblin and Smith, 1966; Dawson and Brinker, 1971).

The power law has been verified for numerous stimuli and, until strong

contraindicative evidence is obtained, can be accepted as an appropriate

model of value.



Table 3-3. Summary of Multivariate Results for Three Experiments
on Status. (Hamblin 1971b)

Equation	 r
2

.48 
•
36 -.02

S =6.9S.	 S - S	 .98
1	 e	 o

.	 .	 .34College Students	 S =.76S 41
	 34S	 S	 .98I	 e	 o

Rainwater (1970) Boston Area Adults	 S =.71S.
 .69

S .06S .33 .98
1	 e	 o
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Experimenter

Hamblin/Smith
(1966)

Shinn (1969)

Sample

U.S. Navy Seamen
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Quantifying Public Opinion: The Strawman Approach 

The purpose of this section is to present the hypotheses of this

study and discuss some of the implications of accepting the hypotheses.

The first sub-section states the hypotheses developed to formulate the

proposed planning system and identifies those tested by other team

members and not reported in detail in this paper. Next, some of the

implications of accepting the hypotheses are explored and, finally, the

use of the satisfaction function is discussed.

Statement of Hypotheses

The conceptual framework of this section is to propose a set of

hypotheses that will allow a model of a man-environment relationship

that results from actions of an outside decision maker to be tested.

The problem is structured in terms of the following hypotheses:

1) That among individuals, preferences for any given state

of the environment will vary.

2) That an individuals preference for a given state of the

environment can be modeled by the use of a power function,

which will be called the satisfaction function.

3) That individuals can be aggregated into groups such that the

differences within groups will be smaller than the differ-

ences between groups.

4) That public preferences, or weights, can be recovered by the

use of a constant sum, general allocation technique by use

of a mass coverage survey.
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5) A planning information system can be developed using aggre-

gated information on public preference.

Hypothesis 1) indicates that while a common culture can be said

to exist, differences between individuals are allowed to co-exist with

common values. The recognition that not everyone can be pleased is

an early discovery of working with the public. This hypothesis is

discussed in Chapter 6.

Hypothesis 2) is a direct result of the work of Stevens,

Hamblin and others discussed in the earlier sections of this chapter.

One implication of this hypothesis is that individuals have a satis-

faction function and are, in fact, willing to reveal the model of that

function. The testing of this hypothesis is the principal intent of

this work.

Hypothesis 3) is discussed and tested in Chapter 6. This

work was conducted by other members of the Tutorial Team and will be

abstracted for this report.

Hypothesis 4) results from Hamblin's work (reported earlier)

on multivariate models of status and Metfessel's development of constant

sum preference techniques (discussed in Chapter 4). The hypothesis is

tested in Chapter 5 and the application of the results is reported

in Chapter 6. Since the application was primarily the work of other

members of the Tutorial Team, it is summarized for this dissertation.

Hypothesis 5) relies on hypothesis 4) and on the sub-hypothesis

that meaningful indicators of public values can be determined as
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variables in the satisfaction function. This hypothesis is discussed

in Chapter 4 and tested in Chapter 6.

Implications of Accepting Hypotheses

The technique of magnitude estimation developed by Stevens

provides an assessment of subjective values representing averaged

results. It can of course be argued that the scales do not represent

the opinion of any one person. In fact, the first step is to determine

a consensus, if one exists. It may then be profitable to examine the

exceptions. Whether, in a given domain, the consensus is sufficiently

homogeneous to justify averaging is an empirical question (Stevens, 1966a,

p. 538). It is interesting to note that this question has apparently

not been answered completely. The difference in individual exponents

is, of course, not unexpected. Indeed, it would be surprising if

everybody had the same opinion on just about any topic. One possible

explanation is that the differences represent the inevitable noise

that characterizes just about any complex process. It may also mean

that two observers have a different opinion. Stevens (1966a, p. 540)

reports that the exponents do possess one characteristic of noise,

namely the ability to be averaged out. He further notes the average

estimations by police officers and college students on the seriousness

of offenses and the maximum penalty prescribed by the penal code are

in agreement. It is the stability of the function from group to

group that makes the result useful (Stevens, 1966a, p. 540).
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The Cognitive Strawman is an information system designed to

gather information on the perceived social well-being of society. As

such it depends on the consensus or on a method of identifying those

groups differing with the consensus. As will be discussed later, the

average may well represent the opinion of no one. The method used to

overcome this problem will be to identify sub-groups having an interest

in the effects of a project and report these results to the decision

maker.

Information on a project is aggregated by considering its

effect on groups within the community. These may be defined by several

methods and the actual choice is at the discretion of the decision

maker. The groups defined for purposes of this study are based on an

expected common value system and consists of 1) interest groups, 2)

professional groups, and 3) groups exhibiting a common value system by

showing a common weight set. A fourth group, the general public, is

defined for comparison purposes.

Interest Groups

Interest groups can be defined as advocacy groups which favor a

planning technique or one client group to the exclusion of all others.

If a transportation problem exists, an advocacy group may favor freeways

to the exclusion of all other transportation means or it may favor the

low income group displaced by the freeway to the exclusion of solving the

transportation problem. The usefullness of advocacy input is limited to

the size of clientele it serves but these groups may be politically
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powerful. Such groups will attempt to influence decision makers by

persuasion and political power. They may also attempt to build a

popular following. Generally, the input will be useful but effectiveness

is related directly to the size and or power of the group. These groups

may also be used by administrative agencies to achieve their own goals

(Rourke, 1969, p. 13).

An interest group may be defined by socio-demographic characteris-

tics. The effect of plan or project on a specific sub-group can then

be input into the planning process. Care must be exercised before

using an arbitrary classification of this type. Unless the socio-

demographic group exhibits a consensus on the weight set, the results

may not result in any significant advantage over a general public

weight set.

Professionals

The professional group comprises the set of individuals concerned

primarily with the effect of resource usage and public planning. The

group will be small but highly knowledgeable. Current and past

procedure has implicitly been to weight professional opinion to the

exclusion of public opinion. In areas strongly dependent on public

values, this has contributed to the delay or stoppage of projects

planned and often times very close to implementation. Professional

input is important but, to determine perceived well-being, should be

weighted no higher than the public input, as was discussed in Chapter 2.
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A second reason for professional opinion is to investigate the relation

between the professional and the general public.

Common Value Group

The common value group (CVG) is the set of individuals exhi-

biting a common value set, as exhibited by the weights assigned to the

sub-goals of the Cognitive Strawman. The method of selecting the CVG

is discussed in Chapter 4. The members of the group will generally be

unrelated in that they will not belong to common organizations. They

may combine temporarily for a common purpose, e.g., to halt a rezoning

action, but would not normally be organized. The groups may exhibit

common socio-demographic characteristics but this is not necessary to

the definition of the CVG. The size and constituency of each CVG cannot

be determined until a value survey is completed. Since each CVG is based

on values they would represent a sub-culture of the community. The

use of any one CVG would exclude all others and care should be used

in selection. The primary use will be the determination of project

effects on subsets of the community.

General Public

The general public weight set is the arithmetic average of the

individual weights. This type of input is of limited use for the

reasons stated earlier. It is useful to compare the results for the

sub-groups with the aggregated totals. The weight sets can be examined



for divergent sub-groups that may not be large enough to significantly

affect the public weight set, for changes in the public weights and

for problems of special importance, among others. The general public

weight set should be used with caution.

Summary

The satisfaction function quantifies information on public

values. It is intended to form a link from the social indicators of

the Cognitive Strawman to the more general statements of purpose, the

societal goals. Each level of the structure aggregates information

from the branches below it. Information may be recovered from any

level if a more detailed evaluation is necessary.

The mathematical form of the satisfaction function is hy-

pothesized to be a power function based on experiments in psychophysics

on modeling perceived magnitude and value. The power function provides

highly significant results when modeling perception of magnitudes.

The variables of the satisfaction function are defined using words

meaningful to the general public and the percent change in satisfaction

with a goal is hypothesized as a linear combination of the percent

change in satisfaction with the sub-goals. The exponents of the power

function are determined for stereotype groups of the general public

and presented to the decision maker as a menu of weight sets. Method-

ology to determine public weights, or elasticities, is discussed in

the next chapter.
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CHAPTER 4

DETERMINATION OF A WEIGHTING METHODOLOGY*

This chapter is concerned with the development of procedure to

measure the public weights, or the elasticity of the variables in the

satisfaction function. The report assumes the human being acts as a

transducer. The input is the stimulus from the environment and the

output is a judgment of value. To be useful as a quantitative

measure, the preferences should be assigned a numerical value on a

ratio scale. This allows the stimuli, which will be the sub-goals of

the Cognitive Strawman, to be compared as to relative magnitude.

Further, it allows trade-offs between goals. The weighting methodology

should meet the additional criteria of ease of application to large

groups and simplicity of analysis.

A review of the psychologic literature indicated only one test

meeting the above criteria, the Metfessel General Allocation Test.

Other tests investigated contained questionable assumptions or were

cumbersome and difficult to administer. The General Allocation tech-

nique was validated by a series of pre-tests with University of Arizona

*This chapter is a summary of Chapter 4 from the report titled
the same as this dissertation. Readers interested in greater detail,
or in the referenced Figures and Tables, should consult the basic
report (Judge et al., 1975, pp. 75-99).
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students. The first test compared General Allocation against tests

devised by Thurstone and Comrey. Ranking, Rating, and a test using the

Theory of Signal Detection were also included. The results are included

in Figure 4-1. While the weights from each test are similar, the

General Allocation test required the least time to complete and

received the fewest unfavorable comments. The second validation

required subjects to estimate the length of five lines. The Metfessel

test had a higher correlation and significance when the results were

regressed against the physical lengths. This is discussed in greater

detail in Chapter 5. A pre-test was then mailed to 200 Arizona resi-

dents comparing two versions of a test developed by Comrey against the

Metfessel General Allocation Test. The Metfessel test was again

shown to be more accurate to grade, received the most favorable comment

and produced the fewest instructional errors. The application of the

Metfessel test to the Recreation Opportunity sub-goal of the Cognitive

Straw-man for the pre-test is discussed in Appendix 2. In short, the

Metfessel General Allocation Test yields a ratio scale, requires the

fewest assumptions, is easily adaptable to a mail survey and requires

the least time to complete. Shortcomings are the tendency of respondents

to become more concerned about allocating the correct number of points

than to indicating their preferences and a repetition of the same

allocations for several questions. An additional problem is the

greater degree of mathematical ability required of respondents than

needed for other tests investigated. None of the shortcomings were

detected in significant numbers on the pre-test.



The chapter concludes that the Metfessel General Allocation

Test is an appropriate means of measuring public preferences. The

test produces a ratio scale and can be readily applied to the Cognitive

Strawman's dendritic structure. The next chapter will test the hy-

pothesis that the respondents are expressing a preference and not just

a physical difference related to magnitude.
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CHAPTER 5

VALIDATION OF METHODOLOGY

Previous chapters have discussed disaggregating the Cognitive

Strawman to the sub-goal level (Chapter 2), developed a hypothesis about

the form of the satisfaction function (Chapter 3), and developed a

methodology to recover public preferences (Chapter 4). The purpose of

this chapter is twofold: to validate the methodology discussed in

Chapter 4; and, to test the hypothesis that the satisfaction expressed

by an individual can be modeled by the use of a power function.

The chapter is divided into four sections: the first section

reports tests of the General Allocation technique developed in Chapter

4; the second section tests the sub-hypothesis that subjects are

reporting a value judgment and not just stimulus difference; section 3

tests the hypothesis that value judgment can be modeled by a power function

and validates the methodology developed in Chapter 4; and, finally, the

application of the results to a planning information system is discussed.

The test of the hypothesis that value judgment can be modeled by

a power function is conducted using the magnitude estimation technique

of assigning a number to a stimulus relating its magnitude to a standard.

This technique was chosen as simplest to administer and evaluate. Since

none of the techniques discussed in Chapter 3 have been shown to be

superior, any of the four techniques would presumably have done as well.
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The validation of the methodology developed in Chapter 4 is

based on the hypothesis that a power function models value judgment

and on the results obtained by Hamblin, and discussed in Chapter 3,

that the elements of a value judgment, in Hamblin's case status, can

be separated and measured from the overall value judgment. The next

section discusses some attributes of the chosen model.

Comparison of General Allocation and Power Law 

A power function possesses the characteristic that the

elasticity of an input variable with respect to the output variable

is the exponent of the input variable. Thus for the hypothesized

model of value,

-
S = KHX.

e 1

1 (13)

the elasticity of X.
1
	ei. This implies that
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(14)

whereSissatisfaction,andx . is the i th component of satisfaction.

Or, the percent change in S caused by a one percent change in Xi is

approximately e
i 
percent. If the hypothesis of a power law model

of value is acceptable, then the elasticity of the independent variables

is constant over the range of the model and equation (13) and equation

(14) are essentially the same, equation (13) being the result of inte-

grating equation (14) and taking antilogs of both sides.

Using the General Allocation methodology, as developed in

Chapter 4, the subject would be asked to allocate 100 points to indicate

hispreferenceforateripercentincreaseinvariablex..The number
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of points allocated is hypothesized to be the exponent of the power

function modeling the subject's satisfaction. One characteristic of

a power function is that the exponent of any variable is the elas-

ticity of that variable with respect to the output. Thus the General

Allocation technique is hypothesized to recover the elasticity of the

variable being tested. Using the paired-comparison, magnitude esti-

mation technique, the subject is asked to estimate his satisfaction

with samples of water. The results are tested against a power function

model and the parameters estimated using a least squares regression.

If the exponent of the power function, estimated by the regression

analysis, equals the elasticity of the variable, recovered by the

general allocation technique, the methodology developed in Chapter 4

may be considered in part validated.

Test of General Allocation 

The purpose of this section is to analyze the results of tests

conducted by other members of the tutorial team to validate the general

allocation technique. The data were analyzed by using regression

techniques to estimate the parameters of a power function model of the

group response. A series of experiments were performed using ten

graduate students of The University of Arizona and the results will be

compared to results obtained by Comrey and Stevens, who used different

tests for the same physical stimulus.

Comrey (1950, p. 318) tested the constant sum, paired comparison

technique described in Chapter 4 by having students in elementary sta-

tistics courses estimate the length of lines. Stimuli were presented on
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cards for 15 seconds with two lines per card. Each line appeared equally

often as a left or right hand member and no line occurred in two successive

samples. Subjects were required to allocate 100 points between the two lines

of a card in proportion to their physical length. By assigning one to the

scale value of the shortest line a ratio scale of length was developed.

The results are presented in Table 5-1 (Comrey, 1950, p. 320).

Comrey found the judged ratios more often than not slightly

larger than the actual ratios but was unwilling to say whether this

was a chance occurence or a characteristic of the method. The transitive

aspects of the method was not clearly satisfied at the level of

individual judgments (Comrey, 1950, p. 321-323).

Stevens (1959, p. 324) also asked for magnitude estimation of

the apparent length of lines. The physical stimulus magnitude was then

plotted against the perceived magnitude in log-log coordinates. The

slope of the line drawn through the plotted points (exponent of the

power function) was reported as approximately 1.1. The results of the

Comrey test plotted in log-log coordinates have a slope of approxi-

mately 1.2. These two tests indicate that people can estimate length

with a reasonable degree of accuracy.

The results of the above reported tests indicated that the

judgment of line length was an acceptable vehicle to test the General

Allocation technique. The primary reasons for selecting line length

were: 1) the availability of a historical record for comparison;

2) the ability of people to make accurate judgments of length; and,

3) the ease of constructing and conducting the test.
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Table 5-1. Actual and Perceived Line Lengths. (Comrey 1950, p. 320)

Line	 Perceived	 Physical
Length	 Length

A
	

9.16	 7.92

B
	

*	 6.44

C
	

5.19	 4.78

D
	

7.27	 6.31

E
	

3.57	 3.78

F
	

2.57	 2.54

G
	

5.09	 4.55

H
	

1.00	 1.00

I
	

4.71	 4.29

*Value not included in reference
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A preliminary test of the constant-sum, General Allocation

technique used 20 graduate students of The University of Arizona. The

test is described, Chapter 4 of the Tutorial Team Report (Judge et. al, 1975

p. 95) and is summarized here for convenience. The purpose of this section

is to report the analysis of the results of the test.

The subjects were asked to allocate 100 points among five lines

to represent the relative line lengths. The lines were presented simul-

taneously, with no trend in increase or decrease. The students were

allowed two minutes to allocate points. The estimates for each line were

averaged and the resulting estimates normalized to add to one. The

students were then presented the stimuli pair-wise and told to allocate

100 points between each pair to represent relative length. Table 5-2

presents the results of both tests compared to the physical lengths. The

variables for general allocation are the average of the estimates for each

stimulus. All values have been normalized to sum to one.

As an additional test, the General Allocation results and the

Paired Comparison results were regressed against the physical lengths

using a power function model. These results are presented in Table 5-3.

Thus, from Table 5-2 and Table 5-3, the hypothesis that the General Al-

location technique is a valid means of measuring perceptual judgments

was accepted subject to further validation on other stimuli.

Judgment of Value 

The purpose of this section is to test the hypothesis that

subjects will allocate points to express a value judgment and not simply
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Table 5-2.	 Line Length of General Allocation and Paired Comparison.

Actual Length	 General Allocation	 Paired Comparison

.063 .070 .104

.101 .113 .126

.180 .195 .203

.266 .253 .212

.391 .356 .355
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Table 5-3. Regression of Perceived Length Against Physical Length.

(All values significant at .01)

General Allocation	 Paired Comparison

exponent	 .89	 .64

r
2	

.99	 .95
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magnitude, or difference judgments. The hypothesis was tested by two

means: the first test utilized stacks of paper and the second utilized

samples of water of varying clarity. Utilizing five graduate students,

the procedure was to present one member of a set as a standard and

assign it a value of 100 points. A second stimulus was then compared to

the standard and the subject asked to assign points to the stimulus to

represent the perceived ratio to the standard. For the first test, the

subject was asked to assign points to represent the size of the stimulus,

the number of sheets of paper in a pile for the first case and the

turbidity in the case of the water samples. In the second stage of the

experiment, the subject was asked to make a value judgment by assigning a

number to the stimulus to indicate the value of the pile of paper and

the satisfaction felt with the clarity of the water. The estimates of

magnitude and value were then tested against a power function using a

linear, least squares regression on variables transformed by taking the

logarithm of the original variables to estimate the exponent of the

power function. The physical magnitude of the paper was the ratio of the

number of sheets in the stimulus pile (Ns) to the number of sheets in

the standard (N ). The clarity was measured by the ratio of the tur-so

bidity of the standard (T0). The dependent variable in each case was

the average of the individual responses for each stimulus. The results

of this experiment are reported in Table 5-4 and Figures 5-1 and 5- 2.

The experiment reinforced the hypothesis that differing judgment processes

are involved in value and difference detection. The value of having



Table 5-4. Exponents for Value and Magnitude.

(r
2 

and Standard Error of Estimate given on transformed
variables)

Clarity
Estimate

Satisfaction
with Clarity

Number of
Sheets

Value of
Sheets

Exponent 2.03 -1.42* 1.03 .61

r2 .97 .82 .99 .99

Standard
Error of .064 .114 .023 .025
Estimate

71

*Significant at .05; all others significant at .01
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additional sheets of paper shows a decreasing marginal value while the

satisfaction with the clarity of the water sample exhibits increasing

marginal value. Since clarity is being measured by turbidity (T), and

the turbidity magnitude increases as clarity decreases, the negative

exponent, or slope of the best fit regression line in log-log coordinates,

is consistent with expectations. The results of the test on the water

clarity variable exhibit a counterintuitive behavior that warrants

further investigation. This is beyond the scope of this study.

Test of Hypothesis 

The purpose of this section is to test hypothesis 2, that a

power function models the satisfaction an individual feels with the

state of the environment. If the hypothesis is accepted, the power

function may be used in conjunction with the model of value developed

by Hamblin, and discussed in Chapter 3, to validate the methodology

proposed in Chapter 4 to recover public weights. The next section

tests the hypothesis of a power function model of satisfaction.

To test the hypothesis, 10 undergraduate students were asked to

rate their satisfaction with the clarity of samples of water. The

technique chosen was magnitude estimation of the stimulus when compared

to a standard. Stimulus and standard were presented simultaneously

for 15 seconds. The estimated satisfaction ratings were averaged for

each sample and the means were tested against a power function using

least squares, linear regression to estimate the parameters. The

ratio of the satisfaction rating of the sample to the satisfaction
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Table 5-5. Student Ratings.

(All values significant at .01; logarithmn of variables
used in regression)

Satisfaction
with Clarity

Estimated
Turbidity

Exponent -1.89 1.38

r2 .91 .97

Standard Error .07 .06
of Estimate
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assigned the standard was the dependent variable and the ratio of the

turbidity of the stimulus to the turbidity of the standard was the

independent variable. The results of this experiment are presented in

Table 5-5 and Figure 5-3. To maintain a consistent pattern, the water

samples used were the same as were used in the previously reported

experiment. However, one sample was added to expand the range and

improve accuracy. In Figure 5-3, the ratio of the turbidity of the sample

to the turbidity of the standard (T /T ) was shifted to the right to

report the satisfaction expressed with the clarity. This was done to

separate the graph for easier interpretation. In addition, the hypothesis

that the subjects were reporting their satisfaction with the clarity

and not just the magnitude difference between the samples was again

tested. The subjects were requested to estimate the turbidity of the

samples using the magnitude estimation technique. The results were

tested against a power function model and the parameters of the model

estimated using a least squares regression. The results are also pre-

sented in Table 5-5. The differing results for satisfaction and

clarity tend to support the hypothesis of a differing judgmental process

for value and magnitude.

The differing exponents obtained from subjects earlier, and

reported in Table 5-4, and the current subjects, as reported in Table

5-5, could be explained by the different background, training or

acculturation of the two groups. The graduate students were much

more aware of the relationship between clarity and water quality and,



since they were a much smaller group, the higher rating of one indi-

vidual tended to distort the results. The series of experiments re-

ported thus far tend to reinforce the hypothesis of a satisfaction

function modeled by a power function.

This section of the chapter uses the results of the value judg-

ment experiments reported previously, in combination with the general

allocation technique, to validate the methodology developed in Chapter

4. The subjects' satisfaction function for clarity was modeled by a

power function and the ability of the subjects to discriminate between

value and magnitude has been demonstrated. The next step will discuss

the relation between sub-goal of water quality and its component

water clarity and the use of the satisfaction function to validate the

methodology.

Having determined the exponent of the power function modeling

satisfaction with water clarity by magnitude estimation it is now

necessary to determine if the elasticity can be recovered by using

a questionnaire better suited to administration to a large group. A

question from the questionnaire developed in Chapter 4 was presented

to the subjects. The technique required the subjects to allocate 100

points among clarity, odor and floating objects using the constant-

sum, general allocation technique. The individual scores were averaged

and the results are presented in Table 5-6. Testing the means reported

in Table 5-6 for difference from one-third showed the hypothesis that

the mean was one-third could be rejected at the .01 level.

78



Table 5-6. Subject Responses to General Allocation Question.

(number of respondents = 10)

Clarity Odor Floating Objects

Allocated points 38.3 36.4 25.3

Variance 17.4 6.6 12.1

t score 3.8 3.8 -4.5
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Referring to Figure 3-3 which indicates the relation between

a value judgment and the components of that judgment suggests a method

of recovering the exponent of satisfaction with clarity. Chapter 2

reports the components of Aesthetic Water Quality as Odor, Clarity and

Floating Objects. The indicator chosen for clarity is Turbidity. Thus,

the turbidity can be used to obtain an indication of Satisfaction with

Clarity, which then combines with Satisfaction with Odor and Satisfaction

with Floating Objects to produce a Satisfaction with the Aesthetic Water

Quality. The link that will be tested is the link from Turbidity through

Satisfaction with Clarity to Satisfaction with Aesthetic Water Quality.

The procedure will hold all other components of Aesthetic Water Quality

constant.

The exponent of the power function relating Turbidity to Satis-

faction with Clarity was found to be -1.89 and is reported in Table 5-5.

By the same means, and using the same subjects, the exponent of the

power function relating Turbidity to Satisfaction with Water Quality

was found to be -.73 (Table 5-7 and Figure 5-4). Therefore, the exponent

relating Satisfaction with Clarity to Satisfaction with Water Quality

can be calculated. The model relating satisfaction with water quality is:

S
wq 

= K(S e c S e f S e c)
'
 where

c	 f	 o 

Swq is 
satisfaction with aesthetic water quality

Se , S f , S o is satisfaction with clarity, floating

objects and odor respectively, and

ef , eo are the elasticity of clarity, floating

objects and odor, respectively.

(15)



Table 5-7. Student Ratings of Water Sample.

Satisfaction
with Clarity

Satisfaction with
Water Quality

Exponent -1.89 -.73

r2 .91 .98

Standard Error
of Estimate

.07 .04
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For the single variable case tested, holding floating objects and odor

constant,

S
c 
= KTet = KT-1.89 , and

S
wq = KT

-.73 
= KTet, and

S	 efs eo , s ec = K r Tetec
wq = K[Sf o

from the above,

e
t
e
c 
= -.73

e
t = -.1.89, therefore

e
c
 = .39

which compares favorably with the weight, found by the General Allocation

technique, 0.38. While additional research is required to further validate

the methodology, the results of this experiment are promising and tend

to reinforce the hypothesis that a mail questionnaire can be used to

recover the averages of weights assigned by public for the goals and

sub-goals of the Cognitive Strawman.

Discussion of Methodology and Test Results 

General Allocation and paired-comparison magnitude estimation

have been used to measure the elasticities of the public for sub-goals

of the Cognitive Strawman. A general average was used for the test,

however, the methodology being developed will attempt to group respon-

dents by expressed preference and socio-demographic characteristics.

Since a small group (n=10) was available for the tests reported in

this chapter, no attempt was made to group the subjects. The General

(16)

(17)

(18)

(19)
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Allocation technique did produce a range of values for the three categories

tested and indicated that grouping may develop more meaningful data.

The test results suggest the General Allocation technique might

be successfully used to recover the preference, or weight, of a group.

It further supported the hypothesis that a power function modeled the

satisfaction derived from the clarity of a sample of water. In addition,

one weight was found to be the elasticity of the function modeling the

satisfaction. Social indicators for goals other than Aesthetic Water

Quality must be developed before the methodology can be fully imple-

mented. The next Chapter uses the Cognitive Strawman and the question-

naire developed in Chapter 4 to recover weights, or elasticities, from

respondents in Arizona and the Rio Grande Valley of New Mexico.



CHAPTER 6

APPLICATION OF METHODOLOGY*

Previous chapters have developed a theory of public input to

an information system, a means of quantifying the public input to

measure social well-being and a technique to measure the public pre-

ferences. This chapter discusses the preparation and application of a

mail questionnaire to retrieve the public preference.

The questionnaire was prepared in three sections. The first

asked for socio-demographic information. The second was a ranking of

state problems and the final section covered the public preferences.

Warm-up, introductory and follow-up letters were used in the survey.

Questions were written by members of the Tutorial Team to elicit

preferences for an increase in the sub-goals of the Cognitive Strawman.

The Metfessel General Allocation test was applied to each branch of

the dendritic structure of the Cognitive Strawman.

The sample was selected from non-repetitive automobile

registrations in Arizona and the Rio Grande Valley of New Mexico.

*This chapter is a summary of Chapter 6 of the basic report

titled the same as this dissertation. Readers interested in greater

detail, or in the referenced Figures and Tables, should consult the

basic report (Judge et al., 1975, pp. 119-167).
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Selected interest groups and governmental agencies were also sent

questionnaires. Returned questionnaires were screened for accepta-

bility and completeness. Table 6-1 gives the response and acceptance rate.

The socio-demographic characteristics of respondents were compared

to census and political surveys of Arizona and New Mexico. Mean age and

percentage in each employment sector of the respondents compared closely

with census data. Minorities were poorly represented and the average

income of respondents was higher than the state average for both states.

The response from government agencies and interest groups was disappoint-

ingly small. Because of this, no conclusions could be drawn about how

well these entities reflected public opinion.

The respondent weights were clustered using a set of computer

programs called the BC TRY system. Figure 6-2 to Figure 6-10 show the

0-types, or groupings by independent or socio-demographic variables, of

the respondents. Figure 6-11 to Figure 6-19 show the characteristics of

the common value groups defined by the clustering techniques. Appendix

III gives weights for respondents.

The primary finding of this chapter is that, for the respondent

group tested, the socio-demographic characteristics did not predict

the weights or the common value grouping of a respondent. Further

research is necessary to confirm or deny this finding. However, the

use of a clustering technique provides more information than the group

average. The preferences generated may be input directly to the in-

formation system to assist the decision maker in analyzing the alter-

natives.



CHAPTER 7

SUMMARY AND CONCLUSIONS

This dissertation is a sub-set of the team report submitted by

Tutorial Team 2, Civil Decision Program. The primary contribution of

this dissertation is to model the expressed satisfaction of a group,

using a power law model, and test the hypothesis that the elasticity

of turbidity for satisfaction with aesthetic water quality formed

the exponent of the power function. A secondary contribution was

to test the methodology described in Chapter 4 of the basic report to

determine if the score assigned to water clarity, using the general

allocation technique was the elasticity of satisfaction with clarity

for expressed satisfaction with aesthetic water quality. The author

has accepted, for reasons stated in Chapter 1 of this dissertation,

the basic Strawman methodology, and utilizes the Cognitive Strawman as

discussed in Chapter 2 of the basic report. Chapters 4 and 6 of the

basic report were primarily the work of other team members and the

results are reported here because the work of all team members is an

integral part of the tutorial team effort.

As discussed in Chapter 3, the Strawman contains over 300 sub-

goals and social indicators. The social indicator list could easily

increase to over 1000 as the system is expanded. This amount of in-

formation will overload the decision makers. As reported by Schimpeler
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(1967, P. 146), the efficiency of a judge decreases as the number of

choices increases. The judge tends to overcome this decreased efficiency

by grouping items to obtain more information in each choice. This

procedure tends to mask details of the project that may be significant.

The conflicting requirements of sufficient detail for complete evalu-

ation and limiting the judgmental categories so not to overload the

decision maker, encouraged the development of a hierarchical information

structure. A detailed description of the structure is contained in

Chapter 2 of the basic report. The structure has two characteristics

as a result of the information requirements: 1) two to seven sub-goals

per goal, or social indicators per sub-goal; and, 2) within the hier-

archical structure each level aggregates information from the next

lower level. The ability to examine the lower level aggregations in a

usuable form allows a more detailed evaluation, if desired. The

decision maker has the option of comparing alternatives at the highest

level, the prime goals, or examining effects of specific sub-goals. The

aggregation of information presumably allows greater flexibility in

evaluation and reduces the volume of information to a manageable level.

Chapters 2 and 3 discuss the role of value in judgment. Each

individual has a set of beliefs and concepts related to his social,

cultural and physical environment. These influence judgment by

modifying what is experienced, how experiences are evaluated and what

judgments are made about experiences. It can be said that the set of

beliefs and concepts defines what the individual considers rational.
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The beliefs and concepts also determine a set of descriptors used by

the individual to describe his environment. As mentioned in Chapter 4,

interviews can be used to solicit the words most frequently used to

describe the state of the environment. These are called mental indi-

cators. The mental indicators are thought to reflect the values of the

society and to define the perceptual dimensions of the environment.

The words selected as mental indicators must meet two require-

ments: 1) They must be meaningful to the public; and, 2) they must

have some meaning to planners and decision makers. The first requirement

is a basis for the methodology and is satisfied by a word frequency

analysis of the interview responses. The second provides a link from

the public to the professionals. The analysis of responses from the

public revealed word groups presumably defining their perceptual vision

of their environment. The Tutorial Team selected terms to complete

the link from public to professionals. A listing of the terms selected

is contained in Chapter 2 of the basic report.

The technique selected for use in the mail survey was the

constant-sum, general allocation technique proposed by Metfessel.

Chapter 4 discusses the reasons for its selection.

Three methods of quantifying value were considered, techniques

developed by Thurstone, Comrey and the General Allocation technique.

The Thurstone paired comparison test proved to be cumbersome to

administer and boring to the subject. It also required two questionable

assumptions; the linear additivity of satisfaction and the use of
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discriminai dispersion as a unit of measure. The test developed by

Comrey reduced the number of comparisons from those needed to administer

the Thurstone test but intransitivities occurred in responses involving

four or more choices. These intransitivities may have been a result

of the technique rather than a true expression of the individual's

preference. In addition, the mathematics involved in the scoring of

both Comrey and the Thurstone developed techniques made it difficult

to separate individuals by common value sets as both techniques worked

best on group averages.

The General Allocation technique developed by Metfessel required

the least time to complete, contained instructions that were much

simplier to follow than the above tests and required the fewest assump-

tions to develop. A few respondents on the pre-test complained of

spending more time making their answers add to 100 than they spent on

determining their preferences. This was not a serious problem on the

final survey. In addition, the technique eliminated intransitivities.

The General Allocation technique, then, provided direct weights

requiring no additional processing to utilize in grouping subjects,

required the least time to complete, had the simpliest instructions,

and used the fewest assumptions.

Chapter 4 of the basic report discusses additional tests

briefly explored by the Tutorial Team, the Theory of Signal Detection

(TSD) by (Daniel et al., 1971), Ranking (Schimpeler, 1967) and

Rating (Eckenrode, 1965). While each of these three were rejected for
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this study, neither they, nor other psychologic tests available, should

be rejected totally. As Table 4-2 of the basic report shows, the results

from the six tests explored are similar. Additional research in the

field could produce an extensive array of tools suitable for planning.

Validation of the general allocation test is contained in

Chapter 5. The test procedure uses the paired comparison, ratio

extimation technique developed by Stevens to determine relative pre-

ferences for clarity and aesthetic water quality of samples of water.

A power function is then tested for fit to the data. The subjects

were undergraduate students of The University of Arizona. As shown in

Table 5-4, a power function provided a good fit as a model of the

perceived satisfaction. Table 5-5 shows the results of the general

allocation test administered to the same group. The results of the

two experiments tend to reinforce the hypothesis that the survey

question accurately reflected the preferences of the test group for

one component of aesthetic water quality.

The results of the above reported testing do not eliminate the

use of any other function model satisfaction with aesthetic water

quality or any of its components. It is possible for other models to

fit the data. One model considered was the Cobb-Douglas function.

This is a special case of the power function in which the exponents

of the independent variables are summed to one. Using the general

allocation technique, and converting the weights to decimals, produces

a Cobb-Douglas function. The results of the experiments reported in
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Chapter 5 tended to support the hypothesis that the satisfaction

function is a Cobb-Douglas function but this is not a conclusion

sufficiently supported by the results to be in any sense definitive.

Additional research is necessary to confirm or deny the applicability

of the Cobb-Douglas function to the Cognitive Strawman.

The discussion of survey results in Chapter 6 of the basic

report indicates a certain utility in the use of a mail survey. Both

interviews and mail surveys were considered by the Tutorial Team. The

interview presented two problems; none of the team members were

trained in interview techniques and the method was cumbersome for use

over large areas. The time restrictions on the study precluded

training. The large geographic area covered by the study placed a

second limitation on the technique selected. It was felt a mail

survey could reach the most people given the time and budget restrictions.

Also, since the study was designed to test the feasibility of using

public input, the mail survey presented the best alternative available

to obtain large numbers of preference statements. This should not be

interpreted as precluding any other survey techniques. The mail survey

was conducted without using any of the numerous techniques to increase

the return rate and produced approximately 20 percent returns. The

rejection rate on returned questionnaires was approximately 10 percent.

Thus, the utility of a mail survey in the proposed planning information

system was demonstrated even if the actual returns were disappointing.



Appendix IV of the basic report compares the demographic

characteristics of the state of residence. Several significant dif-

ferences are immediately apparent. Respondents from both Arizona and

New Mexico were better educated and had a higher income than would be

expected from a random sample. Also, a much smaller percentage were

from minority groups. Whether the low minority group response is a

characteristic of the sample selection technique or a cultural bias

against answering mail questionnaires is not known. As a demonstration

of the methodology, the response is adequate. However, to be useful

In the planning process, input must be received from all segments of

the population. This research was unable to confirm or deny the

findings of other investigators of a difference between professionals

and the general public in their view of environmental problems. Few

responses were received from people in governmental planning agencies.

In addition, a very small percentage of the respondents to the mail

survey could be identified as professional planners or decision

makers. The small sample from professionals prevented drawing con-

clusions about their perception as compared to the general public.

The central conclusion of this study is that expressed satis-

faction with water of various degrees of clarity can be modeled by a

power function. The experimental results reported in Chapter 5 tend

to support the hypothesis of a power function model of expressed

satisfaction. In addition, the differing exponents obtained for

satisfaction with clarity and satisfaction with water quality seem to
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indicate that Hamblin's model relating stimuli to perceived status

(Figure 3-3) may be applicable to the goals and sub-goals of the Cog-

nitive Strawman. The single-variate link between turbidity, satis-

faction with clarity, and satisfaction with water quality was investi-

gated and the results indicate more extensive investigation is warranted.

Investigation of the multi-variate model and of the remaining single-

variate links of odor and floating objects are of particular interest

to the author.

The history of water resources legislation indicates a concern

for quality of life in project evaluation. The input on social well-

being has, to date, been largely limited to qualitative, or descriptive

Information. Chapter 2 proposes an information system to quantify one

part of social well-being, the public perception of well-being. Chapter

3 discusses the link between measureable indicators and social goals

and a means of quantifying some aspects of social well-being. Chapters

4 and 5 discuss the practical application of the methodology. Chapter

6 provides indications that the methodology is promising and should

be pursued further. The proposed planning information system, then,

provides a promising method to quantify information on social well-

being, aggregate information on public values and still retain infor-

mation at the lowest levels of analysis if a more detailed evaluation

of a proposed project is desired. The proposed planning information is,

of course, incomplete and will require expansion to handle additional

inputs. The goal set should be investigated to insure completeness.
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It may be possible to expand the goal set to cover areas not currently

evaluated by a public value set. Other goals of the original Strawman,

while not directly related to water resource development, offer a

promising route for public input. These goals were not part of the

Tutorial Team's investigation and are not reported in this study.

Research should be extended to validate the use of the satis-

faction function for all sub-goals of the Cognitive Strawman and extend

the range of the function for each variable. The function is currently

defined for the middle range of variables. The effects of being at the

extremal points of the curve, or of large changes in variables, should

be investigated. In addition, the power function was tested on

samples in laboratory conditions and more natural conditions should be

investigated. A useful extension of the general allocation technique

would be to weight the degradation of the environment instead of the

improvement.

To be truly useful to planners and decision makers, the Cognitive

Strawman must be integrated with a total decision system. Modifications

may be necessary to fit the Cognitive Strawman to existing systems.

Some major requirements to complete the decision system include: an

analysis of risk and uncertainty as it affects the Cognitive Strawman;

the inclusion of a feedback loop to allow orderly modification of

goals based on information generated; and, optimization techniques.

The development and implementation of the Cognitive Strawman appears to

offer a promising technique to improve the planning process by inputting

public values in the evaluation of projects.
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