PART ll: STRUCTURING DECISION PROBLEMS

6 Defining a Decision Analytic Structure

Detlof von Winterfeldt and Ward Edwards

ABSTRACT. This chapter is a revision and update of the chapter “Structuring for
Decision Analysis” of our book Decision Analysis and Behavioral Research (von
Winterfeldt and Edwards 1986). More than 20 years have passed since we wrote
this chapter and during this time we gained substantial experience with applying
decision analysis to many different government, business, and personal problems.
The one lesson that has not changed is that structuring decision problems is the
most important and, at the same time, least well understood task of a decision
analyst. The three-step structuring process (identifying the problem; selecting an
appropriate analytical approach; refining the analysis structure) also has survived
the test of time. However, more than 20 years of applying decision analysis have
taught us many new lessons, some new tools, and a variety of refinements when
it comes to structuring decision problems. We liberally use the text of the 1986
chapter and weave in new materials and ideas as we go along.

This chapter focuses on progressing from an ill-defined problem, articulated often
vaguely by decision makers and stakeholders, to a clear definition of the prob-
lem and the associated analysis framework. Other chapters in this volume dis-
cuss specific structuring techniques using objectives hierarchies (Chapter 7), and
belief networks and influence diagrams (Chapter 10). We therefore will touch only
briefly on the specifics of structuring problems with these tools and will focus on
the general ideas and principles guiding the decision analyst’s structuring task.

The Structuring Problem

Three Steps of Structuring

Textbook examples of decision problems are usually neatly structured, with pre-
specified options, objectives, events, and uncertain variables. Although they are
written in text, the underlying structure (a decision tree or a multiattribute struc-
ture) are usually obvious. In the experience of most decision analysts, problems
just do not come so neatly packaged. Typically, one of the following conditions
motivates a decision maker to ask for decision analysis support:

1. Opportunity - for example, a privately held company considers a buyout offer
from another company as opposed to staying private or going pubilic.
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2. Need — for example, a utility company needs to increase its electricity produc-
tion capacity because of population growth.

3. Controversial choice — for example, the board of a company wants to relocate
its headquarters to be closer to its client base, but it faces opposition by its
employees.

4. Confusing facts — for example, a regulatory agency is urged to set standards
for a pollutant, but the facts about the health effects of the pollutant are not
known, are conflicting, or both.

5. Requirement of accountability — for example, a government agency wants
to make sure that its choice of a contractor is well documented and accoun-
table.

As initially presented, many problems do not offer an opportunity for choice
among specific alternatives. The most common initial condition is a set of often
vague concerns, needs, or opportunities and a sense of perplexity about how to
find a sensible course of action that at least partially addresses them all. In such
cases the first and most important step in structuring must be to translate the
problem into a set of alternatives and objectives. A subsequent step is to identify
uncertainties about the outcomes of the available options and to think about acts
that may help to reduce some of these uncertainties or allow the decision maker
to hedge against them.

In this chapter, we are primarily concerned with the initial tasks of identifying
alternatives and objectives. After presenting some general ideas about problem
structuring, we present tools for structuring objectives: means—ends diagrams and
objectives hierarchies, also known as value trees (see Chapter 7 in this volume).
We have much less to say about inventing or structuring options. Identifying alter-
natives and objectives is the key, and by no means trivial, structuring task. Dealing
with uncertainties is another important task. We will discuss structuring tools for
this task by describing decision trees, influence diagrams, and belief networks,
among others.

Trees and diagrams are the major structuring tools of decision analysis. How-
ever, building trees and diagrams is itself a fairly specific activity. To understand
structuring within a broader perspective, it is useful to think of it as a three-step
process:

1. Identify the problem. In the first step the following questions are addressed.
What is the nature of the problem? Who is the decision maker? What are
the decision maker’s values? What are the generic classes of options? Which
groups are affected by the decision? What is the purpose of the analysis? At
this stage only rough formal relationships between the variables are created.
Simple lists of alternatives, objectives, and events are the typical products of
this task.

2. Select an analytical approach. In the second step, the analyst must choose
the appropriate analytic framework, answering questions such as: Is uncer-
tainty the key problem, or are conflicting values more important? Is it worth-
while to model parts of the problem with nondecision-analytic techniques
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like linear programming or simulation models? How can different models be
combined creatively? It is useful to avoid an early commitment to a specific
decision analytic approach (e.g., multiattribute versus decision tree) and to
explore alternatives in some detail. Often, the best solution is to combine
approaches.

3. Develop a detailed analysis structure. This step involves the more familiar
territory of developing trees, diagrams, and networks. Guidance about building
these structures is scattered throughout this book. In this chapter, we will focus
on some of the generic lessons for building means—ends diagrams, objectives
hierarchies, consequence tables, decision trees, influence diagrams, event trees,
fault trees, and Bayes’ nets.

Although these three steps are reasonably distinct, the intellectual work behind
them is extremely recursive. The analyst should expect to go through each step
several times — and indeed should worry about whether the problem has been
thought through carefully enough if it has not been restructured at least once or
twice. A good way of checking an initial structure is to make some preliminary
numerical assessments and run through some rough calculations. Often the results
produce insights for restructuring and simplification.

The analyst should be reasonably certain that the current structure is accept-
able before eliciting numbers in detail. Only a well-defined and acceptable struc-
ture will provide a sense for what numbers are important and require refined
assessment. Moreover, number elicitation is expensive, time consuming, and
irksome for some clients. It is unpleasant as well as wasteful to elicit numbers
that later turn out to be irrelevant.

Identify the Problem

Becoming Educated About the Problem Environment

Problems that lead an organization or individual to seek outside help are almost
always difficult, substantively and organizationally. The worst frustrations an ana-
lyst encounters are likely to occur early in the process of discovering the nature
of the problem. The initial contact person, typically a member of the analysis or
program staff of the client organization, is eagerly explaining what the problem
is, and the analyst finds that different members of the organization often disagree
on the nature of the problem.

At this early stage of an analysis it is important to answer three questions:
(1) Whois the decision maker(s)? (2) What are the key alternatives and objectives?
and (3) Who are the stakeholders involved in this problem? This requires quick
learning about the problem and the organizational environment. The require-
ment that the analyst learn quickly has several consequences. One consequence is
increased specialization within the field regarding specific classes of problems and
organizations. This trend towards specialization is likely to continue in decision
analysis, as it has in other forms of operations research. Another consequence is
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that generic problem structures for specific problem classes are both inevitable
and useful; we return to generic problem structures at the end of this chapter.

Identifying the Decision Makers and Their Values

One task the analyst must face in interacting with any client is to figure out who the
client is. Virtually all clients are organizations. The contact person is typically very
familiar with the organization’s institutional culture. Is there a boss? Sometimes
yes, sometimes no. The real boss may not be the one who formally approves
decisions. Or the leadership role may be partitioned. Invariably the boss delegates
decision-making power, and invariably he or she retains some degree of ex post
facto evaluative (and perhaps veto) power over the result.

Although the analyst will, later in the structuring process, elicit in detail the
values related to the specific decision problem at hand, early clarity about the
overall objectives of the client organization is essential. Superficial definitions of
an organization’s function are inherent in its mission statement and organization
chart. Ford makes cars; the Environmental Protection Agency polices the envi-
ronment. But Ford’s organizational style and goals are different from those of
General Motors, Chrysler, or (especially) Nissan. Every organization’s personal-
ity is unique.

A myth to watch out for is that a single value dominates all others. This myth is
more common in corporations than in government agencies, because corporation
executives are so often taught in business schools that corporations exist to make
money. Though no entity, corporate or individual, is averse to making money, no
value structure is that simple. Instead, the corporate myth that profit is the goal
serves as a useful structuring tool for much more complex corporate objectives:
maximizing market share, meeting future demand, reducing unnecessary over-
head costs, upgrading the quality of personnel and of production processes and
products, and even enhancing corporate flexibility. If you encounter this myth or
any other similar oversimplification of values, it is usually easy to endorse it and
elicit the real values that lie beneath it. Myths could not exist if they prevented
effective interaction with the realities underneath.

Hunting for the Decision

An analyst is usually called in because the organization has a problem, which
requires a solution that internal staff cannot provide. It is very common for an
analyst to discover that the organization does not know what its problem is. Per-
haps the most useful task during early exploration is to hunt for the decision.
Almost always there is one, or more. Contact people usually know what it is,
though they may have different perspectives on what the relevant options and
values are. Often, if the problem is not brand new, a helpful question is: how did
they deal with this problem in the past, and why won’t that method still work? The
corresponding question for new problems is: if they were to rely only on internal
resources, what would they do, and how well would they fare? Once the analyst
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can get the contact person and key others in the organization to agree on what
the decision is and to agree that the job is to work on it or some aspect of or input
to it, half the structuring is done.

It is important to understand the preferences and possible biases of decision
makers and stakeholders early. In some cases decision makers have preconceived
preferences for one alternative and understanding these preferences can help
reveal underlying values and hidden agendas. In one of our analyses a decision
maker expressed a strong preference for one of several technology alternatives
prior to the detailed study. Some of the values that motivated this preference
were quite reasonable and could be incorporated into the analysis. Other val-
ues were related to providing employment for the client’s favorite subsidiary and
could not be made explicit in the analysis. Other stakeholders and decision mak-
ers had different values, balancing the client’s views. In the end, the alternative
that the client preferred became a contender, but it ultimately lost to a better
alternative.

Defining the Purpose of the Analysis

The analyst and the relevant people in the organization have identified the decision
or decisions to be made - and all have breathed a sigh of relief. Now the analyst’s
task is to help the organization make that decision as well as it can, right? Often
dead wrong! There are a variety of factors that can stand in the way:

1. The organization may not be in a position to make the decision. The Cen-
tral Intelligence Agency needs decision-analytic help, badly, but (according
to its rules) makes no decisions; it merely provides well-structured informa-
tion to remote decision makers. Such problems are typically, but not always,
diagnostic. They may require hypothesis invention.

2. To make decisions, a list of options must exist. The real problem may be pro-
ducing that list. If a dominant option emerges during the decision structuring,
the decision problem may vanish, with or without the analyst’s help.

3. The task may be not to make a decision, but to design and install a decision-
making mechanism or procedure. The rules for picking the winner or winners
in a competitive situation must usually be in place before the competition
starts. Such problems are typically evaluative.

4. Time pressure or other constraints may make it necessary to complete all
analysis before the decision problem arises. Crisis management is the most
common example. The analyst must substitute scenarios about the future for
information about the real decision problem and must package the output
either as rapid, easy-to-use decision aids, often in the form of interactions
with computers, or as system design for the quick-response system, or, ideally,
both.

5. Decision makers do and should resist the idea that machines or computational
procedures should or can replace them. By definition, a decision maker is the
person who takes the blame if the decision leads to a distressing outcome.
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So he or she must feel and should insist on feeling that that responsibility is
deserved. The output of any decision-analytic procedure is at best an input to
a decision. It is almost never the only one.

6. Sometimes the reason for asking a decision analyst for help is confusing and
conflicting facts. Occasionally, it turns out that the decision maker really does
not need a complete decision analysis, but some other kind of model or data.
In one case, we helped a decision maker substantially by building a simple
life-cycle cost model of a multimillion dollar effort to decommission a nuclear
power plant. This model did not lead to any specific decision, but provided
substantial clarity to the cost and risk accounting as the project moved along.

7. The decision may already have been made or may be made independently
while the analyst is working on the problem. A common and sometimes legit-
imate purpose of an analysis is to justify a decision, which the decision maker
has been committed to prior to the analysis. In this case the analyst must
first ensure that the preferred decision is at least a contender and that there
is no interference by the decision maker with putting all the facts about all
alternatives on the table. If these conditions are met, sensitivity analysis can
clarify when the alternative preferred by the decision maker is also favored by
the analysis and when this is not the case. If either of these conditions is not
met, the analysis is likely to be compromised or lead to an inevitable conflict
between the decision maker and the analyst.

Select an Analytical Structure

Multiple Alternative Structures

Having identified the decision maker(s), alternatives and objectives, and stake-
holders, the next step is to determine which of the various decision analysis struc-
tures is most appropriate for a given problem. For example, the problem might
lend itself to a multiattribute utility analysis, requiring a refinement of objectives
and attributes; or it could be a decision problem in which significant events change
the nature of the consequences, suggesting a decision tree; or it could be a prob-
lem involving uncertainties connected in a causal chain, suggesting an influence
diagram.

Our recommendation is to keep an open mind in the early steps of structuring
a decision problem and consider multiple alternative structures. To illustrate this,
we examine two examples. The first example is a problem that falls under the
category “need.” This addresses the question of how apartment building owners
should respond to regulations that require significant improvements in seismic
safety. This regulation was passed by the city of Los Angeles in the aftermath
of the 1993 Northridge earthquake in the Los Angeles area. The provisions for
retrofitting some apartments were extensive and expensive. The second example
falls under the category “controversial choice.” In this example, the Department
of Energy considered several technologies and sites for producing tritium for






















































