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ABSTRACT

AN APPLICATION OF MULTI-ATTRIBUTE UTILITY THEORY TO MEDICAL REFERRAL
DECISIONS IN THE MANAGEMENT OF OBESITY

By

Penny Annette Jennett

Good clinical judgment is of cardinal importance to the medical profession.
The uncertainty and complexity of the clinical environment and the limitations and
biases of human information processing can hinder optimum decision making.
Decision analysis can be particularly useful for analyzing complex clinical problems
because it is devised to compensate for these limitations and biases. Multi-
attribute utility theory (MAUT) is one of a number of available decision aids. Its
orientation and focus upon patient outcomes may be particularly compatible with
the clinical environment.

This study examined how the MAUT model performed when applied to the
long-term ambulatory problem of obesity. The model was used to analyze the
management decisions of a sample of 45 primary care physicians to refer or not to
refer obese female patients to an endocrinologist. Study subjects were primary
care physicians within the specialties of Internal Medicine, Family Practice, and
Gynecology. The decisions of the subjects generated from the model were
compared to their referral decisions made to a series of case vignettes depicting
similar patients.

Six research questions were asked in the study. The data collected were
physician responses to a series of case vignettes and to a semi-structured
interview. Linear regressions, one-way ANCOVAs and MANCOVAs, one-way

ANOVAs, Chi-Squares, and descriptive techniques were used to analyze the data.



Any differences reported to be significant were assessed at the .05 alpha level.
Two major findings are reported:

1. The predictors of physician referral behavior derived from the model
were not useful measures for predicting physician vignette referral behavior.

2. The predictors of physician referral behavior derived from the model
did not vary by selected physician characteristics.

Interpretation of the findings demonstrates that MAUT applications can show
decision makers if a decision is or is not sensitive to factor(s) they previously
thought were important. The model also permits decision makers to determine if
their choices are consistent with the stated preferences and uncertainties of a
given situation. These opportunities have important implications for research,

decision analysis, quality patient care, medical education, and health policy.
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CHAPTER |
INTRODUCTION AND STATEMENT OF THE PROBLEM

Introduction
"One of the arts for the decision analyst is the art of knowing how much and what
kind of decision analysis to do. The degree of analysis can range from making
simple lists to constructing giant interactive computer models. To be effective,
decision analysis must be appropriate: the extent of the analysis must be suitable
to the means and ends of the decision maker. The question of whether the analysis
was appropriate to the decision maker and his problem is one that should always be
raised in judging effectiveness." (Howard, 1980)

Judgment is and always has been cardinal to medicine (Price et al., 1971).
Physicians, as clinical decision makers, value accuracy in their professional
judgments (Ginsburg and Offensend, 1968). Indeed, good clinical judgment has been
rated as the foremost attribute desired in physicians (Price et al., 1971). Patient
management decisions require clinicians continually to make complex and critical
diagnostic and therapeutic choices based upon what they expect and prefer to
happen. These predictive and evaluative clinical judgments are for the most part
intuitive, i.e., made without formal explication of the reasoning process.

While the medical profession desires accurate judgments, physicians, as
human problem solvers within complex clinical environments, are influenced by a
number of variables that may cause suboptimal judgments to be made. Research in
cognitive processes has repeatedly verified that human problem solvers must omit
certain features of complex environments because their information processing
takes place in a problem space of limited size (Newell and Simon, 1972). In
addition, decision makers are predisposed to biases which can influence their

decisions (Newell and Simon, 1972; Nisbett and Ross, 1980; Slovic et al., 1982).

Problem solvers' subjective assessments about the likelihood of certain events and



their perception of the correlation between events are influenced by their prior
experiences and expectations and by the ease with which similar instances can be
brought to mind. These beliefs tend not to be revised on the basis of evidence
(Slovic and Lichtenstein, 1971; Tversky and Kahneman, 1974). There is a tendency
for decision makers to be affected by the manner in which the problem is
structured, to overestimate small probabilities and underestimate large
probabilities, to display shortcomings in their ability to weight and combine
information, and to be insensitive to sample size (Nisbett and Ross, 1980). As well,
attitudes based on the social and economic status of clinicians and/or patients,
time constraints, and the available health care system can influence the definition
of the problem and affect the implementation of health care management decisions
(Eisenberg, 1979).

The complex nature and potentially critical consequences of patient manage-
ment decisions as well as the medical profession's concern for precision and
accuracy have stimulated the study of methods to facilitate optimal clinical
decisions. Hammond and Joyce (1977) suggest two ways to increase the precision
of medical judgments: 1) increase medical knowledge about the problem in
question, and 2) improve consistency in information processing.

The application of decision analysis to clinical problems can help the medical
profession with the second task. Decision analysis is the systematic application of
decision models to problem situations to permit the evaluation of alternative
actions. It requires the explicit separation of uncertain and complex decision
problems into manageable parts followed by the recombining of these parts
according to normative rules. Decision analysis is particularly useful for analyzing
complex clinical problems because it is devised to compensate for the clinical
problem solvers' limitations and biases by assisting in the apprehension, selection,

and combination of complex multiple clues. It facilitates incorporating relevant



values and uncertainties in a systematic and unbiased manner. Improvement in the
quality of patient care has been reported as the result of the use of decision
analysis (Sisson et al., 1976). This study considers the application of a particular
model, Multi-Attribute Utility Theory, to the decision analysis of a clinical

problem.

Multi-Attribute Utility Theory

Any decision problem is characterized by the availability of more than one
alternative course of action. Multi-Attribute Utility Theory (MAUT) is a system
for assessing the outcomes of such alternative courses of action (Huber, 1974). In
complex decision situations, an outcome resulting from a chosen alternative rarely
can be described completely in terms of only one attribute. Outcomes described by
more than one attribute are referred to as multi-attributed outcomes. Evaluating
a multi-attributed outcome is difficult because the exact contribution of each
attribute to a given outcome is uncertain, and decision makers differ in their
preferences for various outcomes. MAUT models are designed to assess the
combined effect of each attribute in terms of the avowed preferences of the
decision maker.

To assess management alternatives by the use of MAUT, one proceeds
through the following steps (Johnson and Huber, 1977; Edwards, 1977):

1. The decision problem is structured. This step involves identifying the
key decision makers, the decision alternatives, and the significant attributes which
may have values in describing the outcome of a particular choice of action.

2. The decision makers' preferences (utilities) are assessed for each of the
identified attributes.

3. The uncertainties (probabilities) are assessed for each of the identified

attributes.



4. The alternatives are evaluated. The numerical values obtained for each
attribute in steps 2 and 3 are aggregated across attributes using a suitable
aggregate and weighting scale. This mathematical translation results in a

predictor score called a subjective expected utility (SEU) for each alternative

course of action. This score can act as an aid to determine the choice of
management alternatives.

5. An alternative is chosen. The alternative with the highest SEU is
considered to be the best balance between risks and benefits.

For example, in the medical or surgical management of coronary heart
disease, each possible patient outcome state is discussed in terms of two
attributes: quality of life (the degree of relief from chest pain) and survival
(longevity). The attribute of degree of relief from chest pain can be further
divided into two levels: chest pain relieved (c+) and chest pain not relieved (c-).
The survival attribute can be considered from three levels: long-term survival (at
least 10 years) (s+), short-term (less than 10 years) (s-), and death within 30 days of
surgery (d) (Weinstein et al., 1980). A patient outcome state could consist of any
of the following combinations: c+,s+; C+,s-; C-,s+; C-,s-; and d. Each of these
combinations has specific probabilities depending upon which management alterna-
tive (i.e., medical or surgical) is chosen, and preferences depending upon the
decision maker. By analyzing the probabilities and preferences for each of the
attributes within the stated patient outcomes, the possible patient consequences of
choosing either management alternative can be more clearly and directly assessed.

Acceptability of the Model

Simple MAUT applications may be particularly acceptable to the clinical
world because their focus is on patient outcomes (Williamson et al., 1975). In
choosing management strategies, physicians commonly agree that there should be a

positive outcome for the patient from the selected treatment. The use of



outcomes as criteria for assessing quality of care is recommended by a number of
clinicians. Laxdal et al. (1978) suggest using measures of preventable morbidity,
mortality, cost, and patient satisfaction in quality care programs, and report that
physicians are motivated to participate in programs where the procedures are
clearly related to measures of improvement in patient care and health status
outcomes. MAUT applications also combine the probabilistic character of the
medical environment with current knowledge, incorporate a way of balancing the
benefits and risks to the patient of certain procedures, and explicitly outline the
expected utility of various alternatives when considering choices in diagnosis and
therapy. Childs and Hunter (1972) and Donabedian (1976) report these are key
considerations that characterize the practice of a good physician and are at the
heart of technical quality.

MAUT has been described as a method for dealing with life threatening
clinical problems such as renal failure (Gorry et al., 1973), cancer (McNeil and
Pauker, 1979), and burns (Gustafson and Holloway, 1975). Models could also be
used to formulate decision rules to clarify difficult management decisions fre-
quently encountered in office or ambulatory clinic-based practice. Common long-
term ambulatory problems such as hypertension, obesity, and diabetes mellitus
present complex management choices. In the literature reviewed, however, no
applications of a MAUT model to long-term ambulatory problems were found.
Johnson and Huber (1977) and Howard (1980) recommend research be carried out to
discover how specific analysis models will perform when applied to different types
of clinical problems. This study examined how the MAUT model performed when

applied to the specific long-term ambulatory problem of obesity.



Obesity

Obesity causes or exacerbates several health problems. Van Itallie (1979)
notes that the risk to health increases with the percentage of overweight, and that
weight reduction improves the patient's medical, physical, social, and psychological
health. Obesity is a prevalent long-term problem in America. The National Center
for Health Statistics data for 1971-74 (Abraham and Johnson, 1979) report that
14% (8,041) of men age 20-74 and 23.8% (15,268) of women age 20-74 are 20% or
more above desirable weight. Desirable weight is defined as the mean weights for
men and women aged 20-29 years. The obese middle-aged female population is
most at risk for morbidity and mortality (Van Itallie, 1979). The physician is faced
with the problem of helping obese patients lose weight and maintain the loss over
time. Several management strategies are available that may or may not achieve
this goal. Medical, surgical, psychotherapeutic, and dietary methods of weight
reduction exist.

A chart study by Ravitch et al. (1982) demonstrated that primary care
physicians refer obese patients who do not have classic signs or symptoms of
endocrine-based obesity to endocrinologists. As this referral rate is greater than
the incidence of obesity due to endocrine or metabolic disorder, and the referral of
patients to sub-specialists generates health costs, it seemed worthwhile to
investigate the reasons behind these decisions. Therefore, for this research, two
treatment strategies used by primary care physicians in the management of obese
female patients were framed by the researchers. These strategies were referral to
an endocrinologist and no referral. It was assumed that the significant attributes
of the outcomes resulting from the management alternatives of referral or non-

referral were weight reduction and patient satisfaction with management.
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Purpose and Research Questions

The purpose of this dissertation was to examine how the MAUT model
performed when applied to the long-term ambulatory problem of obesity. The two
attributes chosen to characterize the health care outcomes within the management
alternatives of patient referral or non-referral to an endocrinologist were weight
reduction and patient satisfaction with management. Specifically, the model was
applied to the referral management decisions of primary care physicians dealing
with two cohorts of 50 percent and 100 percent overweight middle-aged female
patients. The decisions derived from the model were compared to intuitive
management decisions made to a series of case vignettes depicting similar
patients. The study subjects were 45 voluntary primary care physicians with a
varied number of years of practice experience, within the specialties of Internal
Medicine, Family Practice, and Gynecology. Data were collected from physician
responses to a series of case vignettes and to a semi-structured interview. The
following research questions were considered in the data collection.

A. How closely do the predictors of physician referral behavior derived
from the model relate to physicians' management decisions in response to the case
vignettes?

l. What is the relation between the predictors of physician referral
behavior derived from the model and number of vignette cases physicians
referred? Is it possible to predict the number of vignette cases referred
from scores derived from the model?

2. What is the relation between the predictors of physician referral
behavior derived from the model and number of vignette cases physicians

referred for each specialty? Does the MAUT model fit one specialty

group better than another?
3. What is the relation between the predictors of physician referral

behavior derived from each attribute and number of vignette cases




physicians referred? Is it possible to predict the number of vignette
cases referred from the scores derived for each attribute? Of the two
attributes, weight reduction and patient satisfaction, is one attribute
more highly predictive of number of vignette cases referred than the
other?

B. What effect do selected physician characteristics and categories have on

these predictors of physician referral behavior derived from the model?

4. Do the predictors of physician referral behavior derived from the model
vary by physician characteristics? The characteristics analyzed were
specialty and years in practice.

5. What are the properties of the individual attribute parameters (probabili-
ties, importance weights, and values)? Are individual attribute
parameters affected by selected physician characteristics (specialty,
years in practice) or weight categories (50% and 100% overweight)?
What is the relation between individual attribute parameters and number
of vignette cases referred?

6. Do the preferred management alternatives, to refer or not to refer, vary
by selected categories? The categories examined were sex, degree
(D.O., M.D.), practice type (Academic, Community), practice location

(Lansing, Grand Rapids), and perception of self as overweight.

Importance of Study
This study builds on work by researchers who have investigated the use of
decision analysis in medical treatment management decisions. Decision analysis
has not been applied extensively in the health field (Weinstein et al., 1980). Studies
such as this may provide greater insight into how such models can be used in
analyzing clinical problems and lead to the development of operational models that

can clarify clinical management decisions and serve as educational tools.




As treatments become increasingly expensive and potentially invasive, clini-
cal decisions require additional analytical validation (Knowles, 1977). Applications
of decision analysis provide a mechanism for validation.

Value judgments underlie virtually all clinical decisions. Therefore, it is
important that physicians understand what outcomes they value and why (Weinstein
et al., 1980). Shepard (1964) points out that people may use quite different
evaluation models than the ones they believe they are using. A formalized decision
analysis approach that makes the decision process explicit can help decision makers
be aware of the components of their decision.

Both patients and society have demanded an increased participation in
clinical decision making. Decision analysis techniques can help all parties involved
in the decisions to recognize and reconcile their different evaluations of the
probabilities, risks, and benefits. Alternatives in treatment strategies may be
suggested when the values and priorities of all parties are clearly understood
(McNeil et al., 1978; McNeil and Pauker, 1979).

Obesity, the condition to which decision analysis is applied, is a prevalent
long-term problem in America. Several modes of therapy are available for the
treatment of the condition. Successful treatment of obesity has distinct health
benefits, but there is a great deal of uncertainty among practitioners and patients
regarding the selection of the most effective treatment so that beneficial
outcomes occur and are maintained (Maddox et al., 1968). If decision analysis can
be shown to clarify values and actions and to simplify management choices when
applied to this particular condition, it would be an important step toward improving
clinical care for the obese patient.

Interpretation of data obtained from this study should increase understanding
of the appropriateness of other clinical applications of multi-attribute utility
theory. Information resulting from the analysis of the probabilities and prefer-

ences that physicians place on attributes of potential patient outcomes in
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the problem situation of obesity could lead to important insights into the usefulness

of MAUT clinical applications to other long-term ambulatory problems.

Assumptions

This dissertation is based on three assumptions:

1.  Good clinical judgment is of cardinal importance to the medical profes-
sion.

2. The uncertainty and complexity of the clinical environment and the
limitations and biases of human information processing can hinder optimum
decision making. Decision analysis can be particularly useful for analyzing
complex clinical problems because it is devised to compensate for these limitations
and biases.

3. Multi-attribute utility theory, because of its focus upon patient out-

comes, may be particularly compatible with the values of clinicians.

Limitations

This dissertation does not examine or address the following issues:

1. Which management alternative, "refer" or "not refer," is better for
obesity, i.e., if patients do, in fact, lose more weight or are more satisfied with
referral or non-referral.

2. The causes of obesity.

3. Management strategies other than referral or non-referral to an endocri-
nologist.

4. Attributes other than weight reduction and patient satisfaction with
management.

5. The monetary costs of either alternative.

6. Values or opinions other than those of the physician subjects.



CHAPTER II
REVIEW OF LITERATURE ON DECISION MAKING THEORY, MODELS, AND RESEARCH

Decision Analysis Theory and Models

The concepts and early applications of decision analysis originated out of
economics, marketing, military planning, and applied mathematics (Kassirer, 1976).
Persons working in these complex environments recognized the need for rules and
models to simplify and clarify decision making. Examples of techniques developed
to aid decision making range from agenda lists, flow charts, and algorithms, to
complex decision analytic models, including multi-attribute utility theory.

Decision analysis is an approach to decision making under conditions of
uncertainty (Howard, 1968). It involves the systematic application of decision
models to problem situations to permit the evaluation of alternative actions. It
requires separating uncertain and complex decision problems into manageable parts
and then recombining these parts according to normative rules. Decision analysis
is centrally concerned with what should be done and decision models are, therefore,
prescriptive. They "do not just describe, but aid decision makers in deciding what
they should do...so that their decisions will be consistent with their underlying
assessments of the problem, of the uncertainties, and of the valued outcomes."
(Weinstein et al., 1980)

Decision analysis is particularly useful for analyzing problems in complex
environments because it is devised to compensate for limitations of human problem
solving which affect intuitive judgment. These limitations and biases have been
documented through extensive research (Newell and Simon, 1972; Slovic and
Lichtenstein, 1971; Tversky and Kahneman, 1974; Nisbett and Ross, 1980; Hogarth,

1980). It has been shown that the finite capacity of the decision maker's

11
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short-term memory produces the phenomenon of "bounded rationality," a defined
area of time or space within which a problem solution is sought. Research in
cognitive processes has verified repeatedly that human problem solvers omit
certain features of complex environments because their information processing
takes place in this limited problem space (Newell and Simon, 1972). The limited
problem space also requires the information processor to select and process data
serially. Solutions anticipated by the problem solver may bias data selection, and
the sequence of data processing itself may affect the problem solution (Hogarth,
1980).

In addition to working in bounded problem spaces, decision makers are
predisposed to information processing biases. Heuristics such as representative-
ness, availability, anchoring, and adjustment* affect probability judgments and
govern estimates of subjective probability (Nisbett and Ross, 1980; Tversky and
Kahneman, 1974). These heuristics may consistently distort decisions by leading to
improper probability estimates. Suboptimal decisions may also result from
tendencies of the decision maker to overestimate small probabilities and under-
estimate large probabilities, to display characteristic shortcomings in ability to
weight and combine information, and to be insensitive to sample size (Nisbett and
Ross, 1980).

Formal decision analysis aims to compensate for these limitations in human
problem solving capability by providing a systematic method for selecting and

combining complex and multiple cues, and for assessing and incorporating values

*Representativeness: "The degree to which the salient features of the object are
representative of, or similar to, the features presumed to be characteristic of the
category." (Nisbett and Ross, 1980)

Availability: "The accessibility of objects or events in the processes of perception,
memory, or construction from imagination." (Nisbett and Ross, 1980)

Anchoring and Adjustment: "The failure to make necessary adjustments of initial
judgments (anchors)." (Nisbett and Ross, 1980)
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and uncertainties. Improvement in the quality of patient care has been reported as
the result of such analysis (Sisson et al., 1976).

If optimal use of decision analysis is to be made, however, the advantages and
limitations of the model and its suitability for specific problem situations must be
recognized and understood. Keeney and Raiffa (1972) report on these issues. Some
of the advantages they identify for decision analysis are: it stimulates thinking
about the various problem components, interactions between components, and
relationships between problem alternatives; it promotes positive efficient inter-
action among key decision makers by separating the problem into component parts
so that the various "experts" can address specific aspects; it provides a rationale to
document the choice of a particular course of action; and, once the technique has
been learned, it can be applied to similar situations. Keeney and Raiffa (1972)
describe the responsibilities of the decision maker in the application of formal
decision analysis. Formal decision analysis does not provide systematic procedures
for isolating problems, identifying objectives, or defining measures of effectiveness
for a particular situation. The decision maker is responsible for making these
choices, specifying possible outcomes, outlining the attributes that define these
outcomes, and specifying alternative courses of action. The decision makers must
also assess uncertainties and preferences; these may be unfamiliar tasks to many.
Techniques to incorporate subjective information into the model require continual
revision and updating, and good outcomes are not guaranteed.

The goals of the decision makers and the constraints in their environment
must be considered when evaluating the usefulness of formal decision analysis.
Keeney and Raiffa (1972) emphasize that decision makers will utilize formal
decision analysis only if they understand and have faith in the procedure. They
must believe the analysis can help them determine their strategy and can be used

to convince others to implement that strategy. Their audiences must also be able



14

to understand the process of analysis and its results. Finally, the format chosen for
analysis must not be too demanding nor time consuming.

Applicability of Decision Analysis to Clinical Problem Situations

Physicians realize that good patient management is based on more than the
physician's knowledge of scientific facts. Physicians must also combine these facts
appropriately, balance the dangers and discomforts of a procedure against the
value of information to be gained, and recognize the probabilistic nature of patient
outcomes (Donabedian, 1976). Clinicians agree that numerous factors irrelevant to
considerations of the patient's medical condition are involved in management
decisions, including the social and economic status of both the patient and
physician, the system of care, the physician's case load, and other variables
(Eisenberg, 1979; Eisenberg and Nicklin, 1981). Consequently, it is difficult to
discover through questions or observations the specific criteria decision makers use
in deciding between management alternatives. Also, the decision makers may
believe they are evaluating alternatives on attributes quite different from those
they are actually using (Shepard, 1964), or they may be uncertain which attributes
they use to evaluate alternatives. They may not be aware of the attributes that
apply to specific situations (Johnson and Huber, 1977). A formalized decision
analysis approach to clinical problem situations can make the decision process
explicit so that clinicians will have a greater awareness of the components of their
decision, the outcomes they value, and why those outcomes are valued.

Expected Utility Theory

Expected Utility Theory is a major tool of decision analysis. It is a means of
eliciting decision makers' preferences for certain outcomes and their estimates of
the probability of these outcomes based on certain actions. These quantified
outcome preferences and probabilities are combined to indicate a level of

preference for certain actions or the "expected utility" of alternative actions under
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consideration (Weinstein et al., 1980). Daniel Bernoulli (1738) suggested the first
Expected Utility model. His model was descriptive, i.e., it was intended to
describe and explain the decision maker's choices. The model assumes that when
any rational person is presented with two monetary choices, a gamble on a high or
low return or a "sure thing" with some intermediate value, the alternative with the
highest payoff will be chosen. Bernoulli devised a general method for incorporating
values into expectations using a "diminishing marginal utility curve," but his model
was "deficient as a guide to action for a particular individual" (Grayson, 1960). Von
Neumann and Morgenstern (1953) proposed a system for determining individual
utilities. They also were the first to consider the model from both the descriptive
and the normative perspectives. A norhative (prescriptive) model helps decision
makers perceive what they should do if their decisions are to be consistent with
their stated assessments of the problem, i.e., the uncertainties and the valued
outcomes (Weinstein et al., 1980).

The Expected Utility model has different forms. Models can be "simple" or
"complex." Simple models are those in which attributes are combined additively,
while complex models use a multiplicative combining rule. There is disagreement
about the superiority of the complex model over the simple model. Von
Winterfeldt and Fischer (1975) state that "additive models usually provide excellent
approximations to the subject's judgment." Huber (1974) suggests that "simple
additive models perform equally well or better than complex model types," and
Yntema and Torgerson (1961) report the additive model is appropriate and adequate
for many practical situations. Members of decision making groups find the
rationale of the simple model easier to understand and less expensive to utilize
than more complex approaches.

Simple Expected Utility models contain a number of assumptions (Einhorn and

McCoach, 1977): 1) utility functions for the attributes are linear; 2) the total
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utility of an outcome is an additive function of the utilities of the attributes
making up that outcome; 3) levels of attributes are monotonic, i.e., more is always
better than less or less is always better than more; 4) attributes are valued
independently of one another; and 5) important attributes have not been left out.
Keeney and Raiffa (1976) state that complex multiplicative models can be used
successfully when violations of the above assumptions make linear models inappro-
priate. Goldberg (1968) notes that complex models are more sensitive to changes
in utilities of individual attributes than are additive models.

Since no model has been found to be clearly more effective than another,
Johnson and Huber (1977) suggest that the model most acceptable to the decision
maker should be selected. A simple Expected Utility model was considered
appropriate for this study of clinical management decisions. Applications of this
model may be particularly acceptable to physicians for the following reasons:

I. The focus is on outcomes. In choosing management strategies,
physicians commonly agree that there should be a positive outcome for the patient
from the selected treatment. The use of outcomes as criteria for assessing quality
care is recommended by a number of clinicians. Laxdal et al. (1978) suggest using
measures of preventable morbidity, mortality, costs, and patient satisfaction in the
evaluation of quality care programs, and report that physicians are more motivated
to participate in programs where procedures are clearly related to measures of
improvement in patient care and health status. Williamson et al. (1975) state that
the "systematic considerations of relationships between medical care and outcomes
can provide a crucial means of cutting through the enormous number of irrelevant
variables so often included in the assessment of quality and continuing medical
education." OQOutcomes can be examined within the decision analysis framework
because they represent either a benefit or risk to the patient, and both a

probability and a utility can be assigned to them (Kassirer, 1976).
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2. Simple Expected Utility model applications fulfill a clinical need. They
combine the probabilistic character of the medical environment with current
knowledge, incorporate a way of balancing the benefits and risks to the patient of
certain procedures, and explicitly outline the expected utility of various alterna-
tives when considering choices in diagnosis and therapy. Childs and Hunter (1972)
and Donabedian (1976) report these are key considerations that characterize the
practice of a good physician and are at the heart of technical quality.

3. Applications of this model can be readily applied and easily understood,
and thus allow for the realistic constraints of the clinical environment. How well
these constraints are reflected in the applications will determine its acceptability.
According to Kunreuther and Schoemaker (in press), examples of realistic
constraints are: a) limited time, b) different cognitive abilities and styles, c)
limited training in decision analysis, and d) varying needs. Clinical application of a
simple Expected Utility model and communication of the significance of its results
require less explanation, less training, and less time than would complex model
applications.

Multi-Attribute Utility Theory

Any decision problem is characterized by the availability of more than one
alternative course of action. In complex decision situations such as those that
arise in a clinical environment, an outcome resulting from a chosen clinical
strategy rarely can be described completely in terms of a single attribute.
Outcomes described by more than one attribute are referred to as multi-attributed
outcomes. Simple Multi-Attribute Utility Theory (SMAUT) models are designed to
assess the combined effect of the outcome attributes in terms of the avowed
preferences of the decision makers. To assess management alternatives by the use
of SMAUT, one proceeds through the following five steps (Johnson and Huber, 1977;
Edwards, 1977):
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Step 1. The decision problem is structured. This step involves identifying the

key decision makers, the decision alternatives, and the significant components or
attributes of the outcome of a particular choice of action.

Step 2. The decision maker's preferences (utilities) are assessed for each of

the identified attributes. Treatments have relative values for physicians depending

upon benefit or risk (cost) to the patient. Treatment benefits may be measured in
the degree of alleviation of suffering or reduction in morbidity or mortality. Costs
may be assessed in terms of increased risk of morbidity or mortality, discomfort
induced or increased, or monetary expense (Kassirer, 1976). There are several
methods for assessing preferences for attributes (Johnson and Huber, 1977;
Edwards, 1977; Weinstein et al., 1980; and Torrance, 1972). This study used a

modified "direct method" or category scaling assessment technique (Edwards,

1977). This method requires the decision maker to rank all aspects of an attribute
to be assessed, from the least to the most preferred. These least and most
preferred aspects are then anchored at the extremes of an arbitrary utility scale
ranging from 0 to 100. The evaluator chooses a numerical value for all
intermediate attribute levels, somewhere between 0 and 100. There is a utility
scale for each attribute of a given outcome. The utility scale for any one attribute
is not necessarily comparable to the utility scale of another attribute, even though
each ranges from 0 to 100. For example, the lowest level for one attribute may be
valued higher than an intermediate level for another attribute. To overcome this
difficulty, relative importance weights for each attribute are elicited from the
decision maker. A weight of 10 is arbitrarily assigned to the least important
attribute, and the other attributes are assigned importance weights in relation to
this point. Importance weights for each attribute are normalized by summing them
and dividing each weight by the total sum. Preference (utility) for a particular

attribute level is calculated by multiplying the values assigned to various attribute
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levels by the importance weight placed on each attribute. The high face validity of
this technique and the ease with which it can be taught to interviewers and
decision makers make it a favored method for determining preferences. However,
the method does not require the decision maker to make choices between
alternatives and, therefore, cannot assess preferences between different choices as
effectively as some other methods. Also, the arbitrary units used in the scaling
may be unfamiliar to decision makers. The units must be translated to a scale of 0
to 1 to fit the decision analysis framework.

The standard gamble technique (Weinstein et al., 1980) and the time trade-off
method (Torrance, 1972) are two alternative traditional approaches to assessing
preferences for attributes. These procedures are detailed in Appendix A.

Step 3. The uncertainties (probabilities) are assessed for each of the

identified attributes. Whether objective or subjective probabilities are used

depends largely on the specific problem. Research reports note that subjective
probabilities are quite satisfactory for use in clinical decision making where hard
data are not available. In an unpublished doctoral dissertation, Gustafson (1966)
compared the use in Bayes' Theorem of actuarially-based likelihoods and subjective
probabilities to predict the length of patients' hospital stay. The subjective
probabilities were found to predict the correct length of stay more often than the
actuarial likelihoods. Lodwick (1966) demonstrated that when probabilities from a
public health statistics model (Beach, 1975) are adjusted by incorporating
subjective probabilities based on the personal experience of clinicians, the correct
diagnosis of bone tumor is increased by approximately 5%. Fryback (1974) found
that when explicit subjective probabilities of diagnoses are considered, the overall
cost of chosen diagnostic strategies was decreased. In his study, five radiologists
evaluated 50 cases of renal lesion and were asked to choose between the diagnostic

strategies of percutaneous renal needle aspiration and renal arteriography to
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determine if the lesions were cysts, malignant tumors, or normal variants. The
radiologists' costs of diagnostic strategy decisions were reduced on the average by
21% when they were asked to consider decision analysis principles, compared to the
costs of these decisions without analysis. An additional 7% decrease in costs, on
the average, resulted when the physicians were further asked to explicate their
subjective probabilities of the possible diagnoses. The attributes considered in this
study were dollar costs of the procedure, time lost by the patient from normal
activities, patient discomfort, and risk of complication for the patient.

The ability to use subjective probabilities is also advantageous in that the
collection of these estimates usually requires less time and expense, compared to
collecting actuarial data.

Step 4. The alternatives are evaluated<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>