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(ABSTRACT)

A common approach for evaluating complex multiattributed choice
alternatives is judgment decomposition: the alternatives are decomposed into a
number of value-relevant attributes, the decision maker evaluates each
alternative with respect to each attribute, and those single-attribute evaluations
are aggregated across the attributes by a formal composition rule. One primary
assumption behind decomposition is that it would produce a more reliable
outcome than direct holistic evaluations. Although there is some empirical
evidence that decomposed procedures can improve the reliability of
evaluations, the extent of decomposition can have a considerable effect on the
resulting evaluations. This research investigated, theoretically and
experimentally, the effects of decomposition level on intrarater reliability in
multiattribute alternative evaluation.

In a theoretical study, using an additive value composition model with
random variables, the composite variance of alternative evaluation was
analyzed with respect to the level of decomposition. The composite variance of
decomposed evaluation was derived from the variances in the components

recomposed using a statistical method of error propagation. By analyzing the
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composite variance as a function of the number of attributes used, possible
effects of decomposition level were predicted and explained. The analysis
showed that the variance of an alternative evaluation is a decreasing function
with respect to the level of decomposition, in most cases, and that the marginal
reduction of variance diminishes as decomposition level increases.

In an experimental study, intrarater test-retest convergence was
examined for a job evaluation with different levels of decomposition. Subjects
evaluated six hypothetical job alternatives using four levels of decomposition
that ranged from a single overall evaluation to evaluations on twelve highly
specific attributes. Intrarater convergence was measured by mean absolute
deviations and Pearson correlations between the evaluation scores in two
identical sessions separated by two weeks. The mean absolute deviations
decreased significantly with respect to the decomposition levels while the
Pearson correlations were not significant. Further analyses indicated that the
mean absolute deviations decreased with a diminishing rate of reduction, as the
decomposition level increased.

The research results suggest that decomposition reduces the variability
of each alternative evaluation, in most situations. The results, however, also
suggest that decomposition may not improve the consistency of preference

order of the alternatives that is often important in practical choice decisions.
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1. Introduction

1.1 The Problem

1.1.1 Background

Many practical decision problems require us to evaluate complex
alternatives characterized by multiple attributes. For instance, choosing a job
requires the decision maker to consider several dimensions such as pay,
content of work, working conditions, location, and promotion opportunities.
When evaluating facility sites, the decision maker should make tradeoffs among
land price, taxes, transportation costs, benefits, environmental impacts, risks,
etc. In such instances a direct holistic evaluation may be difficult to produce a
reliable! outcome, especially if the attributes are in conflict, as is typically the
case with difficult choices.

Psychological studies on human judgment and decision making suggest
that when a problem is complex people have difficulty making direct overall
evaluative judgments. For instance, Shepard (1964) states: “.... although he
(decision maker) will probably experience little difficulty in evaluating the

alternatives with respect to any one of these subjective attributes, .... his ability

1 Reliability will be defined more precisely in what follows, but in general, an evaluation can be said
reliable if it is relatively free of random variation, or in other words is repeatable or consistent.
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to arrive at an over-all evaluation by weighing and combining or ‘trading off’ all
of these separate attributes at the same time is likely to be less impressive”
(p.257). Therefore, direct evaluations of such alternatives without decision aids
can potentially contain serious errors, consequently resulting in a sub-optimal
decision.

One common strategy to overcome such difficulties in complex
evaluation is problem decomposition: break down a complex decision problem
into simpler problems, solve these simpler problems, and combine the solutions
with a mechanical rule. The basic assumption behind the decomposition
principle is that decomposition will lead to more accurate solutions than direct
or holistic methods, in most situations (Armstrong, Denniston, & Gordon, 1975).
Decomposition can reduce the information processing demands of complex
judgment problems because the decision maker can isolate and concentrate on
selected portions of the problem. Therefore, decomposition should reduce the
amount of random errors that can result from imperfect processing of
information in holistic evaluations.

The decomposition principle is usefully employed in multiattribute
alternative evaluation. Formal procedures of multiattribute utility analysis
(MAUA)Z have been developed as a decision-aiding technology for evaluating
such complex alternatives. MAUA is a class of procedures for measuring a
decision maker’s subjective values expressed on multiattributed, complex tasks.
In MAUA procedures, the laborious task of “trading off” can be handled by a

formal aggregation model. The decision maker evaluates each alternative with

2 Researchers have called the tools of complex value measurement MAUA (multiattribute utility
analysis), MAU (multiattribute utility), MAUT (multiattribute utility theory or technique), and
MAUM (multiattribute utility measurement). In this dissertation, MAUA was chosen.
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respect to each attribute, and the single-attribute evaluations are mechanically
aggregated into an overall evaluation by a formal composition model.

Typically these procedures first require the decision maker or analyst to
break down the problem into a number of value dimensions or attributes and to
rate the alternatives on each attribute separately. Next he or she assigns
relative importance weights to the attributes that express the tradeoffs among
the attributes. The single-attribute ratings and attribute weights are recomposed
by means of an algebraic model that generates an overall evaluation for each
alternative.

A primary, if not the only, purpose for using decomposition in evaluation
is to obtain a more reliable evaluation. An evaluation can be said reliable if the
responses to the same problem are consistent on repeated occasions.
Literature on judgment and decision making provides a substantial amount of
evidence that decomposed evaluation procedures produce a more reliable
outcome than holistic evaluation. However, an arbitrary level of decomposition
may not improve evaluation reliability. Decomposed evaluation procedures
possess several sources of potential variability. The evaluations on the
subproblems can also contain the same kinds of errors that exist in holistic
evaluations. If the component evaluations are unreliable in some way, the
evaluations derived from the component evaluations may also be unreliable.
There are still other sources of error in the decomposed evaluation. One cannot
develop a composition model to an arbitrary leve! of detail without introducing
errors, and also cannot measure the model parameters with no error.
Therefore, a problem should be carefully decomposed so that total variability in

evaluation is minimized.
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This issue is related to attribute decomposition in an MAUA application,
since the decomposition principle is .operationalized through attribute
decomposition. For a given problem, an MAUA can use different sets of
attributes with different levels of detail and specificity. The alternatives can be
evaluated using an all-inclusive attribute that represents the decision maker's
overall value, like “overall attractiveness,” or “overall effectiveness.” In this case
the alternatives are evaluated in holistic manner. However, for most problems,
the top-most attribute tends to be extremely general, abstract, and broad.
People can hardly make reliable evaluations with the overall attribute. For
example, a job hunter may not easily evaluate a job offer with a single attribute
like “overall attractiveness.” Instead, the decision maker may use a number of
more detailed attributes such as pay, working conditions, location, benefits, or
content of work. In this case the alternative evaluation task is decomposed into

the number of attributes specified.

1.1.2 Research Questions

The aim of this research is to predict, explain, and evaluate, analytically
and experimentally, how the level of judgment decomposition affects the
intrarater reliability of complex choice alternative evaluation. The research
question evolved from a primitive question of how far a complex evaluation
problem should be decomposed for an optimal outcome, i.e., what will be the
optimal level of decomposition in complex alternative evaluation (see Figure 1-
1). As a preliminary step to reach an answer to the primitive question, an

investigation of the impact of decomposition level on evaluation quality was
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Primitive
Question

Intermediate
Question

Research
Question

What is the optimal level of
decomposition in complex evaluation?

'

How does the decompositon level affect
the quality of evaluation outcome?

'

How will the level of decomposition
affect the intrarater reliability of
alternative evaluation?

Figure 1-1 Evolution of the Research Question
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considered as an intermediate question. Finally a more specific question of
how the level of decomposition will affect the intrarater reliability of alternative
evaluation was identified as the research problem.

The research question can be clarified by a conceptual diagram, Figure
1-2. Three components are related to the research question. First, the
evaluation problem in this research is a choice alternative evaluation.
Therefore, the judgments required for the evaluation are preferential judgments.
Second, the level of decomposition is the primary factor of decomposition to be
investigated. Decomposition can have such characteristics as attribute
completeness, dependency, and extent of composition that affect the evaluation
outcome. This research is focused only on the level of decomposition. The
third component related to this research is outcome quality. An evaluation
outcome can be evaluated by several characteristics such as consistency,
accuracy, confidence, and regret. This research focuses only on the reliability
of outcomes within a decision maker.

Within the main research question, a number of more specific
subquestions can be stated as follows.

1. What is the pattern of change in variation as a function of the level of
decomposition? |

2. How sensitive is the change be to the level of decomposition?

3. Under what conditions does a decomposed evaluation show smaller
variation than a holistic evaluation?

4. How can a proper level of attribute decomposition be set for “reliable”

evaluation?
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Figure 1-2 Conceptual Model of the Research Question.
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1.1.3 Research Objectives

This research examines and describes the effect of decomposition level
on the intrarater reliability of multiattribute alternative evaluation. Some more
specific objectives are:

+ To derive an algebraic expression that estimates the composite
variation of the decomposed evaluation from the variations in component
assessments.

+ To examine the pattern and sensitivity of the change in composite
variance as a function of the level of decomposition.

» To identify the conditions under which decomposed evaluations are
more reliable than holistic evaluations and the proper level of decomposition.

+ To empirically evaluate the primary theoretical results through an
illustrative experiment.

6. To suggest some guidelines for attribute decomposition based on the

results.

1.2 Research Approaches

Two methods are used for this research: analytical and experimental.

The analytical method is useful in developing a general theory giving insights

on the research problem for various conditions. That is, this approach is

appropriate to predict and explain the possible effect of decomposition on the
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effectiveness of evaluation outcome. The experimental method is used for the
purpose of obtaining an empirical evidence for this issue. The results from the
experimental approach can be used to support the theoretical treatment.

This research was performed according to the general procedure
depicted in Figure 1-3. First, the variance of value judgment was defined using
a statistical measure of variability in random variables. Then, applying a
statistical method of error propagation, an expression was derived by which the
composite variance of a decomposed evaluation can be calculated from the
variances of component evaluations. Next, by examining the behavior of the
derived composite variance with respect to the level of decomposition, the
effects of decomposition level on the reliability of the evaluation were predicted
and explained. An illustrative experiment was conducted in which job
alternatives were evaluated with different levels of decomposition, and the
results were compared with the results from the theoretical treatment. Finally,
based on the theoretical and experimental results, some guidelines were

suggested for attribute decomposition in multiattribute evaluation.

1.3 Importance of the Research

MAUA procedures have been applied in such diverse areas as public
policy (Anandalingam, 1989; Ulvila and Snider, 1980), energy ( Dyer and
Lorber, 1982; Allett, 1986; Kirkwood, 1982; Merkhofer and Keeney, 1987),
manufacturing and services (Belton, 1985; Brooks and Kirkwood, 1988;

Ozernoy, Smith, and Sicherman, 1981), and medicine (Pliskin, Ronen, and

1. Introduction 9
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Introduction

Define evaluation reliability and
decomposition level.

'

Derive an expression that estimates the
overall variance of a decomposed
evaluation form component vairances

'

By analyzing the derived expression,
predict and explain possible effects of
decomposition level.

Y

Perform an evaluative experiemnt and
compare its results to the theoretical

results.

Suggest some implications and
guidelines for applying decomposition in
multiattribute evaluation.

Figure 1-3 Procedure of the Research.

10



Feldman, 1987; Torrance, Boyle, and Harwood, 1982). No practical decision
problems are given pre-formulated. The application of an MAUA procedure to
any decision problem requires that the analyst or decision maker first specify
the attributes on which the alternatives should be evaluated. Because attribute
structuring occurs in the early stages of MAUA, attribute formulation can have a
large impact on the outcome of the evaluation procedure (Barron, 1987; von
Winterfeldt, 1980). Attribute decomposition should be performed to a degree
that can insure the best results when the MAUA is executed.

Practitioners and researchers recognize that attribute structuring is the
most important step in the application of MAUA to real-world evaluation
problems. For instance, Aschenbrenner (1977) states: “..., one of the main
problems in the application of multiattribute utility theory to real world decision
problems seems to be the attributes per se” (p. 81). Weber, Eisenflhr, and von
Winterfeldt (1988) argue: “The structure of objectives not only defines the scope
and the detail of evaluative considerations, but it also is likely to shape the
numerical inputs that are elicited in later stages of the evaluation” (p.431).

Despite this recognized importance, the present state of knowledge
regarding attribute decomposition for evaluation is rather sparse. While
decomposition impact has been extensively addressed in the areas of
estimation, clinical judgment, and performance appraisal, the topic has rarely
been studied in the area of preferential evaluation and choice. That is, most
contemporary studies on MAUA have concentrated on developing aggregation
models and eliciting the inputs to the models, given a set of attributes

decomposed a priori. Contrary to the large number of studies on evaluation
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model building and parameter elicitation, the attribute structuring phase has
been all but ignored. As a result, attribute structuring has been regarded largely
as the “art” part of decision analysis.

More systematic studies on this issue are needed with the goal of
providing general insights to serve as initial steps toward the development of a
more general theory of attribute decomposition. This knowledge can contribute
to the advance of decision theory and practice. It can also assist in

computerization of the MAUA procedure as a decision support system.

1.4 Delimitations of the Research

This research has boundaries as follows.

1. The analysis does not consider modeling errors, which can occur in
building a composition model for an evaluation problem. That is, it is assumed
that appropriate attributes and a proper composition model can be formulated
for the problem.

2. This research is conducted for the most popular value composition
rule: the linear additive value composition model. This research does not
consider those kinds of decision problems where an additive value model
cannot be appropriately defined.

3. Because a large number of parameters can be involved in the analysis
of the composite variation, some simplifying assumptions are used.

4. This research focuses only on one criterion of decision quality: the

intrarater reliability of evaluation. This research does not concern other issues
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of decision quality such as time and effort required, decision maker's subjective

satisfaction, future outcome of the decision, etc.

1.5 Clarification of Terms

Decision Analysis: A set of prescriptive methods for analyzing complex
decisions to aid people in making better decisions. It provides formal models
and procedures with which an individual can make explicit, as much as

possible, his or her reasoning on a decision problem.

Attribute: A value dimension on which alternatives are evaluated in decision
making. The attributes represent the decision maker's value structure regarding
the alternatives to be evaluated. In this document, attribute is used as
representative of the terms ‘objective,” ‘attribute,” ‘criterion,” and ‘factor’ that

have been used in the decision analysis literature.

Value: Decision maker's subjective worth or utility of an object on a particular
attribute. In the literature on decision analysis, value and utility are often used
distinctively: ‘value’ for riskless situations (when attribute measures are certain)
and ‘utility’ for risky situations (where attribute measures are uncertain). In this

document, however, value is used as a neutral term that represents both terms.

Multiattribute Utility Theory: A theory for making multiple value dimensions

commensurable in terms of a common scale of value. Multiattribute utility theory
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frequently represents utility in terms of a functional form and a weight for each

value dimension.

Multiattribute Utility Analysis: Multiattribute utility analysis is the name of a class

of value integration models and measurement procedures that have been
developed based on multiattribute utility theory to aid decision makers in

evaluating multiattributed complex alternatives.

Variation in ment or Evaluation: Inconsistency or fluctuation of responses
to the same problem on independent occasions. The response variation can be
caused by unpredictable fluctuations in attention, shifts in information
processing strategy, vagueness of information, or inherent indefiniteness of

preference.

liability: Reliability is a general term that denotes consistency of
measurements derived from repeated observations on the same subject under
the same circumstance. As such, it is a measure of the “repeatability” of the
measurement process, the extent to which we may expect to find that repeated
measurements of the same individual or object will give essentially the same
results. A classical definition of reliability is the test-retest definition; if the
measurement results in the same answer upon retest, then the test is reliable
(Lehman, 1991). This form of reliability is established by measuring the same
objects twice and correlating the results. A high correlation is evidence of

reliability.
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BReliability of Evaluation: Reliability of evaluation is defined as the extent to

which an evaluation procedure, applied repeatedly to the same problem, would
produce the same result each time. That is, an evaluation is regarded as
reliable if it is consistent and stable across repetition. In terms of variation, an
evaluation is said to be reliable if it is free of random variation. Therefore, a
high reliability corresponds to a small variation in evaluation scores across

repetition.

1.6 Outline of the Dissertation

This dissertation consists of six chapters that coincide with the flow of the

general procedure described in section 1.2.

Chapter 1. Introduces the background for the research and states the
research problem and its setting. Also includes approach, importance, and

delimitation of the research.

Chapter 2. Provides a review of the literature related to this research,
focusing on the theoretical and experimental studies of decomposition effects

on judgment and choice outcomes.

Chapter 3. Describes an analytical framework to predict and explain the
possible effects of decomposition level on the variability of the alternative

evaluation outcomes.

Chapter 4. Describes an experiment for examining the impact of

decomposition level on intrarater reliability. Using a test-retest method the
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intrarater convergence of job alternative evaluations between two sessions are
measured and analyzed. The results are compared with the theoretical results

from Chapter 3.

Chapter 5. Draws conclusions from the research, based on results from the
analytical and experimental investigations. Includes the implications of the
study in the application of MAUA. Also describes limitations of the results, and

suggestions for further study.
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2. Review of the Related Literature

2.1 Overview

Most literature related to this research is found in the areas of behavioral
psychology and management science. A decomposed multiattribute evaluation
procedure blends a prescriptive value composition model with a decision
maker’s judgment on model components. Therefore, addressing the present
research problem requires one to survey the literature in two areas:
psychological characteristics of human value judgment and the technical
aspects of value composition models. Numerous psychological studies on
human judgment and decision making point out the limitations of value
judgments and promote decomposition strategies in evaluation. One of the
important contributions of psychological research to multiattribute alternative
evaluation is in understanding the problems associated with holistic judgments
or dimensional judgments. Regarding the technical aspects of MAUA
procedures, a large amount of literature has examined appropriate vaiue
composition models and techniques for eliciting numerical scores for the model
components. There also exists a growing body of literature on the art of
structuring attributes. However, little literature is found on how MAUA outcomes

are influenced by varying the structural representation of attributes.

2. Review of the Related Literature 17









































































































































































































































































































