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A. Problem structuring
A.1 Phases of problem structuring

There are two general approaches to problem structuring:

1. first identify the problem and then figure out the appropriate objectives

2. first understand the values and objectives and then look for decision opportunities

The former approach emphasises problem focused thinking, and the latter value focused thinking.

In the following figure Α.1.1 a possible problem focused approach to the problem structuring is illustrated.
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Figure Α.1.1 : Phases of problem structuring.

Problem structuring is one of the most important parts of the value tree analysis. It gives a

· better understanding of the problem

· better understanding of the values affecting the decision

· basis for further analysis

· common language for communication
A.2 Defining the decision context

A.2.1 Definition

Decision context is the setting in which the decision occurs. It is framedby the administrative, political and social structures that surround the decision under consideration. Most readily it is specified by the activity being contemplated.

In Figure Α.2.1, main factors and questions specifying the decision context is shown.
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Figure Α.2.1 : Decision context

· Decision context and corresponding fundamental objectives are closely related and they frame the decision situation . For example, one decision context facing you may be to decide where to go for lunch. Clearly the objectives are different from the situation when considering different career opportunities.

· By defining the decision context and establishing the nature of the decision problem carefully, the treatment of the real problem can be ensured.

· A careful specification of the decision context is particularly relevant if several DMs or stakeholders are involved in the decision analysis process. Without a mutual agreement on the decision context problems are likely to occur in the subsequent phases.

· Note that a decision context may be a decision alternative in a broader decision context. For example, consider a job selection problem within a given industry, in certain country or area, job selection based on certain competence base, or selection of a life style.

See the Job selection case - Defining the decision context
.

A.3 Identifying and generating objectives

Identifying objectives requires significant creativity. Thus, an analyst often has an important role as a facilitator in guiding and stimulating the process.

The most obvious way to identify objectives is to ask a group of decision-makers or stakeholders first recapitulate the decision context, then individually provide a written list of objectives and then move on to a group discussion of the lists.

Several devices can be used to stimulate the identification (Keeney 1992).

1. A wish list 

The idea is to list all possible objectives without ranking or priorisation.

2. Use of alternatives 

The facilitator can ask DMs to identify the features that distinguish existing or hypothetical alternatives.

3. Use of problems and shortcomings

Major problems are often related to objectives. By identifying the shortcomings and reasons for concern specific objectives to alleviate these problems can be found. Alternatively, DMs can be asked how matters could or should be improved, or why they are less satisfied with some reason than the other.

4. Use of consequences

Consequences indicate the degree to which objectives are met. Thus, by asking DMs to articulate consequences, associated objectives may be found more easily.

5. Use of goals, constraints and guidelines

Both goals and constraints are closely related to objectives. Goals state what to do whereas constraints state what not to do. By asking the objectives that led to the establishment of a goal or a constraint may help to identify the objectives for the problem under consideration.

6. Use of different perspectives

Normally people think the objectives from their own perspective. By asking them to take the perspective of some other stakeholder new objectives may be found. Also, the current situation may be viewed from the future. Where you would like to be in ten years, and how it is related to the current situation? Furthermore, some of the realism can be eliminated from the current situation. For example, respondents can be asked to suppose that they can act without any limitation or consequences.

7. Structuring objectives

By structuring the objectives and studying the relations and interactions between them is likely to stimulate the generation process. Also identifying the means and fundamental objectives with the specification of attributes gives more insight into the problem and may lead to the identification of new objectives. Hierarchical modelling of the objectives and attribute specification is discussed in detail in the following chapters.

Also, totally different approaches can be taken to the generation of the objectives (Keeney and Raiffa 1976) :

1. Examination of the literature

By studying problems similar to the one under consideration relevant objects may be found.

2. Analytic study

By building a model of the system under consideration and identifying relevant input and output variables, suitable objectives become obvious.

3. Casual empiricism

Objectives may be generated by observing people who are making decisions that are relevant to the problem.

4. Surveys

In public decision-making individuals affected by the decision may be asked what objectives should be included in the study.

5. Expert panel

A group of people with expertise in the area may be used to generate the objectives.

See the Job selection case - Generating objectives
.
A.4 Generating and identifying decision alternatives

As in the objective generation process, a possible way to identify and generate decision alternatives is to ask a group of decision-makers or stakeholders individually provide a written list of alternatives and then move on to group discussion of the lists.

Several devices can be used to stimulate the creation of alternatives (partly adapted from Keeney 1992 ).

1. Use of fundamental objectives

· What would be the most desirable alternative if there were only one specific objective?

· What would be the most desirable alternative if there were two given objectives?

· Continue until all objectives are considered together.

2. Use of means objectives

· When creating alternative means objectives can be used instead of fundamental objectives.

3. Removing constraints

· Removing constraints on alternatives, or consequences may also create desirable alternatives.

· What would be the most desirable alternative if cost were no concern?

4. Using different perspectives

· What would be the most desirable alternative from a specific stakeholder's point of view?

A.5 Hierarchical modelling of objectives

The aim of the structuring and hierarchical modelling of the objectives is to create a deeper and more accurate and analytic understanding of the problem and a basis for quantitative analysis.

Hierarchical modelling of objectives is described in detail in the sections

· Separating means from fundamental objectives

· Objectives structures

· Constructing objectives structures

· Checking the structure

A.5.1 Separating means from fundamental objectives

As the major goal of the objective generation process is to produce an exhaustive list of objectives, they are likely to be inconsistent and vary in their scope, explicitness and detail. For that reason structuring and apportionment to fundamental and means objectives is required.

Fundamental and means objectives have different roles in the analysis:

· Fundamental objectives characterise the reason for interest in a decision situation, and thus are essential part of the problem structuring.

· Means objectives are helpful for creating alternatives and developing models to analyse the decision problem.

Means and fundamental objectives can be separated by asking: "Why is this objective important in the decision context?"

· Means objectives are important because of their implications for other objectives.

· Fundamental objectives are important because they are an essential reason for interest in that situation.

A.5.2 Objectives structures

In literature, objectives structures often include both fundamental and means objectives. Furthermore, in many cases the relations between the objectives are not clearly specified. Here we make the following distinction between the objective structures (Keeney 1992) .

Fundamental objectives hierarchy:

· The hierarchy includes only fundamental objectives.

· A higher-level objective is defined by the set of lower-level objectives under it.

· Within any set, the lower-level objectives are mutually exclusive and provide an exhaustive characterisation of the higher-level objective.

· Every higher-level objective has at least two lower-level objectives connected to it.

Note: Here we use the term value tree when referring to the fundamental objectives hierarchy and attributes associated with it.

In Figure Α.5.2.1 a fundamental objectives hierarchy related to the safety of automobile travel is shown.
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Figure Α.5.2.1 : Fundamental objectives hierarchy (Keeney 1992, p.70, Figure 3.1 a)

Means-ends objectives network:

· The network may include both fundamental and means objectives.

· A lower-level objective is a means to the higher-level objective.

· The set of means objectives under a higher-level objective does not necessarily provide an exhaustive representation of the means leading to the higher-level objective.

· A higher-level objective may have only one lower-level objective connected to it.

In Figure Α.5.2.2 means-ends objectives network related to the safety of automobile travel is shown.
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Figure Α.5.2.2 : Means-ends objectives network (Keeney 1992, p.70, Figure 3.1 b)

A.5.3 Constructing objectives structures

There are two ways to construct objectives structures

1. A top-down approach starts from the most general objective, which is then successively divided into sub-objectives.

2. In a bottom-up approach all meaningful differences between alternatives are first listed and then combined and structured to higher level objectives.

In general, the top-down approach is most appropriate when constructing a fundamental objectives hierarchy and the bottom-up approach is most suitable when generating a means-ends objectives network. In the following, the top-down approach is presented.

Top-down approach

1. Identify the overall fundamental objective.

· In many cases the overall fundamental objective is obvious from the decision context. For example, the essence of a financial investment is to make money.

· The overall objective may be a combination of more specific fundamental objectives. In that case, the analyst can ask the DMs to list relevant general values or important fundamental objectives. Dividing the list into categories should provide a basis for defining the overall fundamental objective and a basic structure for the objectives hierarchy.

2. Specify and clarify the intended meaning of the objectives in terms of more specific objectives.

· The analyst can ask the DMs to state what aspects of the higher-level objectives they consider as important?

3. Subdivide the objectives until the lowest level is sufficiently well defined that a measurable attribute can be associated with it.

A.5.4 Checking the structure

When constructing the objectives hierarchy the analyst should check that (adapted from Von Winterfeldt and Edwards 1986 and Keeney 1992)

1. The division of an objective into lower-level objectives is reasonable, that is, the division clarifies the meaning of the upper-level objective and the relation between them is hierarchical.

2. There are no unnecessary cross-links between a set of lower-level objectives and upper-level objectives. That is, the set of lower-level objectives should be unique to the upper-level objective.

3. The set of objectives is exhaustive and nonredundant.

4. The set of objectives is essential. That is, each of the alternatives included in the decision context can influence the degree to which the objectives are achieved.

5. The set of objectives is controllable. That is, all the decision alternatives that can influence the degree to which the objectives are achieved are included in the decision context. This condition may be difficult to achieve, however.

See the Job selection problem - Hierarchical organisation of objectives
 .

A.6 Specification of attributes

The degree to which objectives are achieved in different decision alternatives is measured with attributes. For example, the objective of a person to maximise her/his income can be measured with the attribute "salary in euros per month".

There are three types of attributes

1. Natural attributes

· Natural attributes can be measured in natural scale, in centimetres, dollars, numbers etc, and they have a common interpretation to everyone.

2. Constructed attributes

· Constructed attributes do not necessarily have a common interpretation.

· In most cases they are developed for a given decision context.

· For example, the objective "maximise the positive impact on working environment" can not be measured explicitly with any single natural measure. However, it is possible to construct an attribute with levels say, from 0 to 5 describing the impacts. Clearly, the measurement is subjective. 

3. Proxy attributes

· Proxy attributes do not measure directly the degree to which fundamental objectives are achieved.

· Level of proxy attributes should be valued only for their perceived relationship to the achievement of the corresponding fundamental objective.

· For example, firms may have objectives such as prestige or power. For those objectives it is difficult to find natural or constructed attribute. However, "share of the market" may be used as a proxy attribute to measure indirectly the effects the growth potential of a firm.

In general, natural attributes should be preferred to constructed and proxy attributes.

Sometimes it is difficult to find appropriate natural, constructed or proxy attributes. In that case it is possible to use direct preference measurement. In direct preference measurements no attribute scale is constructed, but the effects of decisionalternativeson an objective or anattributeis assessed directly.

Attributes should be

1. Comprehensive and understandable

· By knowing the level of an attribute the DM should have an unambiguous understanding of the extent to which the objective is achieved.

· There should be no ambiguity in describing the level of which an objective is achieved in terms of an attribute.

2. Measurable
· It is possible to assess the DM's preferences for different levels of the attribute.

· Measuring the DM's preferences over the different levels of the attribute should be possible also in practice, that is without excessive amount of time, money and effort.

After the value tree is constructed each decision alternative is assessed in a performance matrix.

In Figure Α.6.1 the performance matrix of a value tree evaluating the performance of five old computers is shown. The performance matrix is constructed with the Web-Hipre software.

Note that Web-HIPRE uses the term rating when referring to a consequence . In literature also terms performance levels, achievement levels and measurements are used.
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Figure Α.6.1 : A performance matrix constructed with the Web-Hipre software.

See the Job selection case - Specifying attributes
.

A.7 Desirable properties of the value tree

After the value tree is constructed it is worthwhile to check that it satisfies the following five properties.

1. Completeness

· All relevant objectives should be included in the hierarchy.

· The set of attributes completely defines the degree to which the overall objective is achieved.

2. Operationality

· Attributes should be meaningful and assessable.

3. Decomposability

· Attributes should be judgementally independent, that is, it should be possible to analyse one attribute at time.

4. Nonredundancy

· The set of attributes should be nonredundant to avoid double counting of the consequences.

5. Minimum size

· The set of attributes should be minimal.

B. Sensitivity analysis

B.1 Purpose

The purpose and the role of the sensitivity analysis in a DA process is describe in the section Value Tree Analysis / Introduction / Sensitivity analysis.

B.2 Dominance

· A decision alternative A is dominated by an alternative B if B is at least in one aspect, better than A and in all the other aspects as good as A.

· If a decision alternative is not dominated it is undominated.

· Since dominance makes sensitivity analysis unnecessary, it should be analysed prior the sensitivity analysis.

· For example, suppose that you are buying a computer screen and you are only concerned with the price, the size of the screen, and the length of the guarantee. The possible three options are described in Figure Β.2.1.

	Screen
	Price
	Size
	Guarantee

	Screen 1
	225€
	17"
	1 year

	Screen 2
	330€
	19"
	3 years

	Screen 3
	320€
	19"
	1 year


Figure Β.2.1 : Computer screens.

Clearly, screen 1 is dominated by screen 2 and 3, which are both undominated. Thus, there is no need to conduct sensitive analysis for screen 1. If the price of the screen 2 were 300 euros, it would be a dominant alternative and the sensitivity analysis would be unnecessary.

B.3 One-way sensitivity analysis

• In one-way sensitivity analysis objectives' weights, single attribute value functions, or attribute ratings for decision alternatives are varied, one at time, to see how sensitive the model is to those changes.

· The total values of decision alternatives are drawn as a function of the variable under consideration.

· In Figure Β.3.1, sensitive analysis window of the Web-Hipre programme is shown. As the figure shows the overall values of the decision alternatives (Screen 1, 2, 3) are drawn as a function of the weight of the price objective. 
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Figure Β.3.1 : One way sensitive analysis with Web-Hipre programme.

· The recommended solution, Screen 3 gives the highest overall value. However, if the weight of the price objective were less than 0.34 Screen 2 would give a higher overall value. Similarly, if the weight of the price objective were higher than 0.55 Screen 1 would become optimal.

· As the current weight of the price is 0.47 at least 17% increase in the weight of the price is required to change the order of the alternatives.

· Whether the model is sensitive to changes in the weight of the price objective or not depends on how precise the current weight estimate is. In other words, how likely the 17% increase is.

· Sensitivity to the changes in the consequences described in the consequence matrix can be analysed in a similar manner. 

See the Job selection case - Sensitivity analysis
.
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