Chapter III: The thesis builds strongly on a prescriptive view on decision making


III
The thesis builds strongly on a prescriptive view on decision making




In the previous chapters we explained the background, the organisation and the objectives of this thesis. Given the objective to contribute to a further professionalisation of purchasing decision making, we first study decision making and decision support as such. We present a survey of the relevant literature, leading to the construction of a framework for analysing decision-making situations in purchasing. In addition, based on the literature study we define what we refer to as ‘decision models’ in the sequel of this thesis. 
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Figure 3.1: Positioning of Chapter III



The position of this chapter in the overall stepwise planning is depicted in figure 3.1.

The objectives of this thesis imply a prescriptive view on decision making



In literature there exist many definitions and interpretations of the term decision and decision-making as well as ways of studying decision-making. Roughly, the literature on decision making can be divided in three streams each representing a particular way of viewing and investigating decision making: a descriptive stream, a normative stream and a prescriptive stream (Bell, Raiffa and Tversky, 1988). We discuss these streams in order to assess how they relate to the objectives of this thesis

Three streams dominate the literature on decision making



Authors in the descriptive stream are concerned with the question: “How and why do people make decisions?”. This type of research is highly empirical and descriptive decision models are evaluated by their empirical validity, i.e. the extent to which these models explain and predict observed ‘real’ decisions. 



The normative stream comprises the contributions from authors who are interested in the question: “How should people ideally make decisions?”. The research emphasis is thus not strictly empirical but involves a dynamic interaction between the real world, imaginations about the real world and abstract, mathematical systems and axioms. Normative decision models are evaluated by their theoretical soundness, i.e. the extent to which they provide acceptable idealisations or rational choices (Bell, Raiffa and Tversky 1988).



Research within the prescriptive stream captures elements of both the normative and the prescriptive stream. Basically, prescriptive research is concerned with the question: “How can we help people making better (not necessarily ideal) decisions while still taking into account human cognitive limitations?”. Decision models that result from prescriptive research are evaluated by their pragmatic value, i.e. the extent to which they help people making better decisions (Bell, Raiffa and Tversky, 1988). 



In the subsections below we further discuss each of these streams. We conclude that given the aim of this thesis the prescriptive view is most appropriate in this research.

The normative-view focuses on how decisions should be made



According to the classical decision theory, which has its roots in economics, a decision can be characterised by the following elements:

-
A set of alternatives;

-
A set of states;

-
A set of outcomes;

-
A goal or utility function.



An outcome is the result of the choice for a particular alternative given a particular state. A goal function is used to order the outcomes to their desirability. Essentially, making a decision comes down to finding and choosing the alternative that yields the highest value of the goal function, given the actual state. 



 Tversky and Kahneman (1988) identify four basic assumptions underlying this normative view of decision making: cancellation, transitivity, dominance and invariance. The assumption of cancellation implies that the decision only depends on states in which the alternatives yield different outcomes.



Transitivity implies that if the outcome of alternative A (under a particular state) is higher than the outcome of alternative B, and the outcome of this alternative B is higher than the outcome of an alternative C, alternative A is also preferred to alternative C. The assumption of dominance states that if an alternative A yields a higher outcome than an alternative B in one state and at least the same outcome in all other states, A should be chosen over B. 



Finally, according to the invariance assumption, the outcome of a decision does not depend on (i.e. is invariant with respect to) the representation of the decision problem. The normative view on decision making has brought forth the concepts of rationality and optimality (Einhorn and Hogarth, 1988). These concepts are perhaps some of the most misunderstood concepts around in science as well as in every day life. Dictionaries provide us with many possible meanings of rational, e.g. sensible, reasonable, wise, not foolish etceteras. In the original, normative sense however, rationality refers to the extent to which the four assumptions underlying the classical decision model are adhered. Furthermore, in the normative sense, rationality provides for optimality, which is synonymous for maximal. The optimal decision is the decision yielding the highest outcome. However, as we will discuss in the following section, if decision making is viewed from other, broader perspectives, we may speak of other forms of rationality and optimality rather than simply using the term irrational, which is often the case.



As the normative view is merely concerned with the outcome of a decision, the accompanying form of rationality might be referred to as choice- or substantive rationality (Simon, 1988), i.e. the extent to which the appropriate courses of action are chosen (from the given set). 



The static, normative concept of a decision as described above, has been extended by introducing uncertainty with respect to the possible outcome of a course of action in a particular state. However, as Simon (1988) rightfully argues, the main motivation for developing theories of stochastic and fuzzy uncertainty (see e.g. Winston, 1990; Zimmermann, 1986) has not been to replace substantive criteria of rationality with broader criteria. The focus is still on what the decision is and not how the decision is reached. 

The descriptive view focuses on how decisions are actually made



An essential characteristic of the classical normative (outcome) view on decision making is the assumption that the elements of the decision, i.e. the alternatives, the states of the environment, the outcomes under the different states etceteras, are given
. However, empirical research clearly shows that people very often do not perceive these decision elements to be given or obvious. Simon (1988) puts it as follows: “The classical theory is a theory of a man choosing fixed and known alternatives, to each of which is attached known consequences. But when perception and cognition intervene between the decision-maker and his objective environment this model no longer proves adequate. We need a description of the choice process that recognises that alternatives are not given but must be sought; and a description that takes into account the arduous task of determining what consequences will follow on each alternative”. Simon’s process model of decision making has inspired many other authors (see e.g. Van Schaik, 1988) and has lead to the development of many similar models that summarised, comprise the following activities:

1.
Define the problem (i.e. observe a system, become aware of a problem, formally recognise a problem by measuring a gap between existing goals and the current state of affairs, interpretation and diagnosis of the problem and finally define the problem);

2.
Set objectives and expected performance and their relative importance;

3.
Search for alternatives;

4.
Compare and evaluate alternatives against the established objectives and future possible adverse consequences;

5.
Choose and select an alternative including justification and authorisation;

6.
Implement the decision.



Simon (1960) distinguishes the following phases in the decision making process: 'intelligence' phase (steps 1 and 2), 'design' phase (step 3), 'choice' phase (steps 4 and 5) and the 'review’ phase (steps 6 and1). In terms of this classification it becomes clear that the normative view on decision making only addresses the choice-phase of the decision making process. In addition, the normative model must be extended if interrelated decisions are to be considered or if several conflicting goals must be taken into account. Instead of considering one single criterion or several unifyable criteria, many situations are characterised by the existence of several different criteria. Thirdly, the person or group of persons responsible for the decision are not considered in the normative decision model. In other words: the normative view of decision making often needs refinements and extensions in order to better represent our view of reality. This has been the starting point for the many writers on decision making in an organisational context, e.g. March (1988), Lindblom (1990) and Brunsson (1982). 



March’s ‘garbage can model of organisational choice’ actually proposes that the various activities from Simon’s process model, i.e. intelligence, design and choice, are often carried out relatively independent of one another. A decision is seen as a somewhat coincidental product of problems, alternative solutions, decision-makers and choices. The central point is that very often decision processes are not consciously planned and the phases of intelligence, design and choice are not carried out in one straight exercise. A decision happens when suitable problems, solutions (alternatives), participants and choices coincide (Pugh and Hickson, 1989).  



Lindblom (1990) is mostly known for his notion of organisational decision-making which he called ‘the science of muddling through’. This ‘muddling through’ type of decision making can be characterised by the following key-words which may all be seen as related to the decision phases from Simon’s model: incremental, restricted, means-orientated, reconstructive, serial, remedial and fragmented (Pugh and Hickson, 1989). Instead of one actual decision moment, as is assumed in the normative view, decision processes unfold in a series of small increments. Secondly, in many situations decision-makers are unable to identify and/or to evaluate all possible alternatives, states of the environment and possible consequences. Hence, decision-makers consider only a restricted number of alternatives and possible outcomes. In addition, radical alternatives, which deviate drastically from the current situation, are often left aside. Instead of evaluating alternatives with respect to a given, fixed goal, decision-makers often modify their goals as they proceed through ‘the mud’. Ends may be adjusted to means (alternatives). In this iterative and serial fashion, the decision problem is continuously reconstructed. Furthermore, decisions rarely solve organisational problems once and for all. Rather than a direct access to achieving a very explicit and concrete (future) goal, decisions are seen as steps away from the current unsatisfactory situation. Finally, similar to March, Lindblom argues that decision-making processes are often fragmented, i.e. analysis and evaluation go ahead at different times and in different places.      



Although the various authors within the process-view all place the emphasis on particular aspects of organisational decision making, they all share the same fundamental message: substantive rationality does practically not occur in organisations, or more precisely, the conditions for substantive rationality are very often not present, e.g. goals and alternatives are not given or possible consequences may be too big in number to evaluate exhaustively. However, this does not at all mean that decision making is therefore by definition irrational
. It does mean that a broader concept of rationality is required which relates to the process of arriving at a decision and not so much the outcome of the decision. The classical concept of rationality is not always a good basis for appropriate and successful action. The latter requires its own considerations (Brunsson, 1982). Simon (1988) states that “...almost all human behaviour has a large rational component, but only in terms of the broader every day sense of the word, not the economists’ more specialised sense of maximisation”. So, instead of substantive rationality, which strictly applies to the choice phase, Simon introduces the broader concept of procedural rationality, which mostly applies to the phases preceding the decision, and is defined as: “..the effectiveness in the light of human cognitive powers and limitations of the procedures used to choose actions”. Similar to the concept of procedural rationality, Brunsson (1982) distinguishes what he calls ‘action rationality’ as opposed to substantive rationality.    


Accepting that substantive rationality cannot be achieved, leaves decision-makers with another decision: what to do next? There are several ways in which he may proceed. Procedural or action rationality refers to the extent to which the chosen way seems reasonable
.

The normative and descriptive views are complementary rather than conflicting 



Our point of departure in this thesis is that decision making in organisations as it is perceived by people covers a spectrum of situations ranging from well defined situations with much room for substantive rationality to typical ‘muddling through- processes‘. In this respect we follow Simon’s wellknown grouping of decision making situations in 'well structured', semi-structured and 'ill-structured' problems (see Van Schaik, 1988). We therefore argue that not all decision making in organisations is necessarily only rational from a procedural perspective nor do we claim that all decision making is well defined, consciously planned and carried out according to the rules of the classical normative model. In other words we consider the various theories on decision making as complementary to each other rather than in conflict with each other. An example of such a complementary approach is the contribution by Zeleny (1996). Basically, Zeleny uses the concept of optimality to describe the various possible views on decision making. He provides a very simple, yet powerful definition of optimality: only that what must be selected, chosen or identified is by definition subject to optimisation. In other words, what is implicitly or explicitly given, can not be subject to optimisation
. 



By varying what is given and what is not given, Zeleny identifies eight distinct optimality concepts. This framework of optimality concepts is given in table 3.1.


Single criterion
Multiple criteria

Alternatives and criteria given
traditional ‘optimisation’

e.g. From a given list of quotations, find the one with the lowest price


Multi Criteria Decision Analysis

e.g. From a given list of quotations , find the one that offers the lowest price and assures the highest quality



Only criteria given
Optimal design

e.g. Create a bidders list of suppliers that will assure the lowest bid
Optimal design

e.g. Create a bidders list of suppliers that will assure the lowest  price and the highest quality



Only alternatives given
Optimal valuation

e.g. Select a single criterion which assures selection of the most satisfactory supplier from a given list


Optimal valuation

e.g.  Construct a list of criteria which assures selection of the most satisfactory supplier from a given list



Only value complex given
Cognitive equilibrium

e.g. Select a single criterion and design an affordable list of supply options which assure the most satisfactory supply structure
Cognitive equilibrium

e.g. Select criteria and design an affordable list of supply options which assure the most satisfactory supply structure

Table 3.1: Framework of optimality concepts (based on Zeleny, 1996)



If we consider a single criterion and a set of alternatives given, the problem for the decision-maker is ‘only’ one of measurement and search, and not of deciding and optimising. Therefore, the term traditional optimisation in the upper left corner of table 3.1 must be interpreted as maximisation (or minimisation). This situation resembles the classical, normative notion of decision making. In all other situations, some form of optimisation (balancing) is required because not all decision elements are given, or as is the case in the upper right corner, the relations between the elements are not obvious.



If neither clear criteria nor alternatives are given, which is often the case, Zeleny presumes that a value-complex or super-criterion is present which comprises the basic values and convictions of the decision-makers, e.g. serving the customer. The problem is to find a balance (equilibrium) between possible alternatives and criteria. This will often take place in an iterative, dynamic fashion. This clearly resembles the process view of decision-making, e.g. Lindblom’s muddling-through model of decision making. The examples in table 3.1 make clear that all situations may occur in practice. The normative and the descriptive views emphasise different areas of the spectrum of situations. 

The prescriptive view seems specifically useful for the research in this thesis



In the previous subsections we found that the normative view on decision making focuses on how well the final choice is made from a given set of elements, while the descriptive view is concerned with how human beings proceed through various steps in a decision making process without having the primary aim of changing the way people do this. The pragmatic, yet supportive approach in the prescriptive view seems very useful considering the objective in this thesis to deliver useful decision models for the purchasing profession. In addition, this view on decision making covers all phases in the decision making process and not ‘just’ the choice phase.

The prescriptive view focuses on how decision making might be improved



A prescriptive decision model may violate laws and axioms from the normative stream as well as predictions resulting from descriptive models yet it may offer a practical and useful compromise for decision-makers in practice. With reference to our extensive contemplation in Chapter II on the role and definition of decision models, it becomes clear that from the point of view of supporting decision making in practice, the prescriptive stream, and especially the basic questions it tries to answer, seems very relevant and appropriate for the problem statement in this thesis. This thesis is not about explaining and predicting decisions made by purchasers or trying to develop models for making ideal choices in certain (fictitious) purchasing situations. The purpose of this thesis is to investigate and develop decision models that will help purchasers make better decisions in practice. More than descriptive and normative decision models, such prescriptive decision models are directly aimed at supporting decision making in practice. The early works in Operations Research and System Analysis (see e.g. Miser and Quade, 1986 and Beer, 1966) as well as the more recent (and more or less independent) streams of Soft System Methodology (see e.g. Rosenhead, 1989) and especially Multiple Criteria Decision Aid (Bana e Costa et al., 1997) clearly reflect such a prescriptive approach. 

The prescriptive view considers support in all phases of a decision making process



The prescriptive approach towards decision making is the starting point when discussing ways to support the decision maker(s) in making decisions. An important contribution of the prescriptive view is the recognition that although, as the descriptive authors point out, there is often far more to decision making than just the choice phase, the phases preceding the choice can be supported as well. The prescriptive scope covers all phases in the decision making process. This is illustrated in figure 3.2.













Figure 3.2: Scope of a prescriptive approach (Miser and Quade, 1986)



According to Simon (1960), ill-structured problems call for more emphasis on the intelligence and design phase of the decision making process, while structured problems require emphasis on the choice phase. A number of authors (Simon, 1960; Sol, 1982; Silver, 1991; Sprague, 1986; Bui et al., 1990) state that in general too much (research) effort is spent on developing support in the choice-phase for well-structured problems (e.g. more efficient search algorithms). In terms of Zeleny’s framework: too much attention has been paid to ‘traditional optimisation’. More needs to be done on developing support for the intelligence and design phases for ill-structured situations and providing models for these decisions that show better correspondence with the real decision making situation. 

Radford (1980) provides an example of this reasoning.


Decision problem type 1
Decision problem type 2
Decision problem type 3
Decision problem type 4
Decision problem type 5

Single or many participants
Single participant
Single participant
Single participant
Single participant
Many participants

Single or multiple objectives
Single objective
Single objective
Single objective
Multiple objectives
Multiple objectives

Quantitative or qualitative measures of benefits and costs
Quantitative
Quantitative
Non-quantitative
Quantitative or non-quantitative
Non-quantitative

Certainty or uncertainty
Certainty
Uncertainty
Uncertainty
Uncertainty
Uncertainty

Examples
Optimum use of resources in a production process
10% chance of $10 versus 25% chance of $5
10% chance of increase in unemployment versus 25% chance of increase in inflation
Should I buy a new set of golf clubs, take my wife on an ocean cruise, or buy her a fur coat?
Should we buy an airport or develop the land as a recreational facility?

Methods of decision analysis
Deterministic models in Operations Research
Statistical decision theory
Statistical decision theory

(assuming utilities can be measured)
Statistical Decision theory / Multiple Criterion Decision Techniques
Three phase process: (a) information gathering (b) analysis of strategic structure (c) interaction between participants

Table 3.2: Types of decision problems and methods of decision analysis (Radford, 1980)



In terms of both importance and difficulty, defining the decision making process (decide on how to decide as it were) is a significant part of making a decision. Determining the structure of the process is often more important and more difficult than executing the tasks within the process (Silver, 1991). From this it follows that, as decisions become more crucial and complex, supporting the early stages in the decision making process (e.g. problem formulation, identifying values and criteria) becomes more important. In this respect, Silver sums up the following possible forms of support:

-
Fuller and better exploration of alternatives;

-
Earlier and better detection of problems and opportunities;

-
Coping with multiple or undefined objectives;

-
More explicit treatment of risk and uncertainty;

-
Reducing systematic cognitive biases;

-
Communication, co-ordination and enhancing consistency;

-
Structuring the decision making process;

-
Learning;

We construct a prescriptive framework for analysing purchasing decision making



Based on the results of the literature search, as summarised in the previous sections, a framework for analysing decision-making processes has been developed. As pointed out earlier on, the need for such a framework stems from the fact that the vast amount of literature on organisational buying behaviour that already exists does not primarily aim at developing prescriptive decision models. Therefore, what is needed is a general framework that can be used to describe purchasing as a decision making process in terms of properties that are appropriate for the evaluation and development of such models. Naturally, the existing literature on organisational buying behaviour can then be positioned in this framework. The general framework for analysing decision making is depicted in table 3.3. 


Classic model
Extended models and views

Criteria

Concept of decision

Decision maker

Concept of uncertainty
one(-dimensional)

quantitative

isolated problem, well defined objective in advance, maximisation, one best solution

one; consensus assumed

deterministic: perfect information (everything is given)
multi-dimensional, qualitative and quantitative

problem interrelated with other problems, emerging objectives at best, satisfycing, several solutions acceptable

several actors, possible conflict

uncertainty with respect to happening of events or outcomes and decision elements cannot be defined precisely

Focus of decision support
Choice phase; efficient search for maximal solution


Intelligence, design and                                                                                                   choice; defining the problem, 

ordering and selecting of                                                                                                alternatives

Table 3.3: general framework for analysis of decision making



With this framework, decision making in purchasing can be analysed, not so much with the intention to derive one general model of purchasing decision making but primarily to investigate the degree to which in a particular purchasing situation, a classical or a more extended view seems to fit best and consequently to identify the desired properties of useful decision models for supporting the decision maker in that situation.

The definition of a decision model in this thesis is based on the prescriptive view

So far, we have used the term ‘explicit model’ to distinguish from the concept of a mental model. Usually, a model is defined as a simplified representation of something. This ‘something’ is often referred to as a system. The purpose of this section is to arrive at more precise definitions of the terms ‘model’ and ‘system’ as they are frequently used throughout this thesis. According to Beer (1966) a system is not something that is given, but something that is defined by intelligence. Given that ultimately everything is related to everything else, he identifies three stages in which we still recognise ‘separate’ systems:

1.  The acknowledgement of particular relationships between entities which seem obtrusive and thereby form a coherent assemblage;

2.  The detection of a pattern in the set of relationships concerned, i.e. the relationships seem to be arranged in a pattern;

3.  The perception of a purpose that is served by this arrangement.


From this it follows that it is really a subjective matter to see something as a system. Furthermore, apart from ‘obvious’ and tangible systems, also situations and decisions may be seen as systems. More in general, Kramer and De Smit (1987) distinguish three categories of systems: formal systems, conceptual systems and empirical systems. 


Formal systems are abstract and as such meaningless systems. Formal systems are not part of a specific, real situation or practical application field. An example of a formal system is the calculation of the average value of a set of numbers. 


Conceptual systems differ from formal systems that they do have a practical meaning and interpretation but this is only in the sense that they refer to something empirical while the conceptual system as such is not a physical part of what it describes. An example of a conceptual system is the notion of Total Cost of Ownership. 


Empirical systems are tangible objects we perceive in the ‘real world’, e.g. a supplier or a product. Similarly, three categories of models (as images of systems) can be distinguished: formal models, conceptual models and empirical models. The seeing or perception of a system takes place through what we so far have called mental models (Bower and Morrow, 1990). Perception may be regarded as primarily the modification of anticipation. It is always an active process, conditioned by our expectations and adapted to situations. We notice only when we look for something, and we look when our attention is aroused by some disequilibrium, a difference between our expectation (i.e. our mental model, De Boer) and the incoming message. We cannot see all in the room, but we notice if something has changed (Gombrich, 1960). What we see under normal circumstances owes its stability to a mental model that we construct. Some of what we think we see is actually filled from memory (Calvin, 1996). 









Figure 3.3: Perception of systems through mental models 

So, also purchasing systems (situations, decisions, etceteras) are not seen directly but are made up of existing representations in our minds. These mental models are used to evaluate what to do and what to decide. However, as Beer (1960, pp) states: “The manager is not at all sure that he can find in his own understanding a conceptual (mental, De Boer) model which really represents the situation he is trying to control, nor that he can specify the relationships within it, nor that he knows all the criteria of success”. Therefore, our aim is to offer to the purchaser explicit conceptual models, which aid in better representing the purchasing decision situation under consideration. Furthermore, these models aid the purchaser in more clearly specifying the relationships between the elements of the situation (i.e. possible alternatives, criteria and outcomes etceteras). These explicit
 conceptual and formal models are the models we have so far called decision models. We can now define such a decision model as: “An explicit representation-form for someone’s mental view on a decision problem. This view may contain descriptive as well as normative elements.” Referring to the objective of this thesis, a decision model becomes useful if it serves one or more purposes for its user(s), such as (Bouyssou, 1997):

-
Enabling an increased understanding of the problem (triggers the user to reconsider the original mental model);

· Achieving a higher degree of confidence in the decision (for example 

through increased consistency and transparency and a more comprehensive consideration); 

-
The decision model facilitates the user in communicating and justifying his/her view or decision to others.


The process of offering explicit conceptual and formal models to decision makers in organisations is essential to the origin of Operational Research. Based on Beer (1966) we can visualise this process as is done in figure 3.4. 





















Figure 3.4: Visualisation of the role of explicit decision models (based on Beer, 1966)


Normally, the purchaser uses his (implicit) mental model of the situation for making a decision (represented as ‘A’ in figure 3.4). In this thesis however, the objective is to offer the purchaser an explicit conceptual model when making a decision (B). More specifically, the purchaser can give form to his mental representation of the situation by projecting this mental model on the explicit conceptual model provided to him (C). A first confrontation between the mental model and the explicit conceptual model may lead to a revised mental model and/or changing the conceptual model. Once a satisfactory match has been established, a precise and rigorous formulation of the conceptual model is made which is then used for making the actual decision.

Summary


In this chapter we more specifically studied the field of decision making and decision support.


Given the objectives of the thesis we argued that from the established views on decision making in the literature the prescriptive view is appropriate for this research. The normative and descriptive views respectively study how decisions should be made and how they are made, whereas the prescriptive view focuses on how decision making in practice might be improved. In addition, (and unlike the normative view) the prescriptive view considers all phases in the decision making process.


Next, based on the prescriptive view we constructed a framework for analysing purchasing decision making. Finally, we defined the term decision model from a prescriptive perspective.

Functional requirements of purchasing decision models





Evaluation of the toolbox (X). Conclusions (XI)





Empirical testing of the toolbox (VIII + IX)





Designing a toolbox for supporting supplier selection (VII)





Evaluation of OR and System Analysis models (VI)





Evaluation of available purchasing decision models (V)





Analysing purchasing literature with this framework (IV)





Development of a framework for analysing decision making (III)





Functional requirements of purchasing decision models





Formulating the pro-blem





Identifying, designing and screening the alternatives





Building and using models for predicting consequen-ces





Compa-ring and ranking alterna-tives





Forecasting future contexts








Constraints





Objectives 











criteria





Alter-natives





Conse-quences





Initiation





Communi-cating





results





Quotation A seems very good but B has a few good points as well, we’ll have to find a balance





Mathema-tics, formal logic, probability theory, etceteras.





Discrete number of options, choice problem, quantitative and qualitative  info





From 8 quotations for item X one must be chosen





(C)





(B)





(A)





making a decision in the specific situation





analogy





analogy





insight





insight





Application in specific case: w1=0.6, s11= 8, etceteras





Purchaser’s mental model





rigorous conceptual model





formal model





conceptual model





Specific, real  purchasing situation





Scientific situations (formal systems)





Typical purchasing situations





� EMBED Equation.3  ��� 





� EMBED Equation.3  ���





SI = supplier i


sij = score of i 


on criterion j


wj = weight criterion j








� As already indicated in the previous section, this assumption has been slightly modified by introducing probability theory and fuzzy sets theory in order to model various forms of uncertainty (see e.g. Zimmermann 1986). However, probabilistic and fuzzy models are still only concerned with the outcome of the decision.


� Strictly speaking, we can only label a decision ‘irrational’ if the available space for acting rational has not fully been used. This space is determined by many physical as well as situational factors, e.g. cognitive capabilities, available time etceteras.


� So, if substantive rationality seems unreachable, at least procedural rationality should be pursued.


� This means that if for example, a goal function and a set of alternatives (or constraints) are given (like in many single objective mathematical programming applications), the subsequent process of finding extreme values of  the goal function is an act of maximisation rather than optimisation.


� An explicit model may consist of: text, tables, figures, drawings, mathematical formulas etceteras as long as it is visible and reproducable.
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