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Abstract: The problems of human behavior in decision processes are
central in this chapter. The gaps between the requirements of decision
methods and the possibilities of human information processing systems are
analyzed. The qualitative model describing the decision maker’s behavior is
proposed. The model defines the guidelines for the construction of decision
methods justified from behavior point of view.

5.1 SPECIFIC FEATURES OF DECISION
MAKING AS A BRANCH OF RESEARCH
Decision Making, as a branch of research, has two main features distinguishing it
from other research disciplines such as Economics and Operations Research:

1. For typical Operations Research problems, the information needed to solve
a problem is given in the problem's statement. Contrary to the latter, the initial
statement of any decision making problem has elements of uncertainty connected
with a lack of information on general criterion of the solution's quality and/or the
consequences of the decision's variants. This is why information from a Decision
Maker (DM) and experts is required for the solution of a decision making problem.
It is possible to say that a statement of any decision making problem includes a
priori unknown preferences of the DM. This is why inside any decision making
method there are some procedures of information elicitation from the DM (or a
group of DM).

2. The primary step in many economical studies and in Operations Research
is the construction of models representing the reality, small pieces of the real world
having a mathematical description. In contrast to the latter, typical Decision Making
problems imply the construction of a subjective model representing the personal
perception of such a decision problem by the DM as the primary step. This
subjective model reflects the DM's policy in the situation of a choice.

The distinguishing features of Decision Making as a research branch make
the DM the central figure of the decision making process. Therefore, behavioral
aspects become the central features in this line of research.

The goal of this chapter is to look at the Decision Making field of research
from this point of view, to summarize the existing knowledge about human behavior
in the decision processes, to analyze the existing gap between descriptive and
normative approaches in decision making, and to draw some criteria for the
construction of decision aiding tools and to demonstrate the importance of behavior
aspects.

5.2 THE GAP BETWEEN DESCRIPTIVE AND PRESCRIPTIVE
The source of the widely accepted gap between the requirements of decision
methods to human beings and the possibilities of human information processing
systems lies in the historical development of Decision Making as a research field.
Decision Making has two roots:
• economical utility theory;
• operations research.
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5.2.1 Utilities and probabilities
Each portion of a purchased commodity (e.g., bread or tea) has its consumer utility.
The law of marginal utility reads as follows: the marginal utility decreases, that is,
subsequent portions of a commodity are less valuable to the consumer than initially,
which is quite understandable from our everyday experience. If there exists a need
for several commodities, the consumer attempts to allocate money to support a
constant ratio of the utility of a commodity to the general measurement unit (dollars,
rubles, etc.).

Stated differently, more money must be invested into commodities of
higher utilities. The same human behavior is inherent to the problem of investments
- more money is put into more useful areas of activity. Economists believe this is the
only correct behavior and refer to the person making such a choice as a rational
person. It is assumed that rational persons are intrinsically consistent and that
transitivity of choice is appropriate to them.
Second, it is assumed that, when making a decision, a rational person maximizes his
utility.

To conclude, what does the rational person do? First of all, they list all
possible decisions and their consequences for which utilities (or money values) are
determined. For each variant of a decision, the probabilities of all its outcomes are
determined (no matter how). Next, the expected utility of each variant is calculated
by summing the products of utilities by corresponding probabilities. The best variant
is that which has the maximum expected utility.
J. von Neumann and O. Morgenstern laid the scientific foundation for the utility
theory in their well-known "Theory of Games and Economic Behavior" [48]. The
utility theory as presented in this book is axiomatic. The originators of the utility
theory made use of so-called lotteries, where two results (outcomes) with respective
probabilities exist, as simple problems of choice and demonstrated that if human
preferences for simple problems (lotteries) satisfy some axioms, then human
behavior can be regarded as maximizing expected utility.

The axioms used by the authors of [48] assert, for example, that a person
can compare all outcomes and he/she is transitive, due to possibility of determining
the probabilities under which lotteries constructed on pairs of outcomes (out of
three) are equivalent, etc. The axioms are required to infer the theorem of existence
of the utility function for a person that agrees with the axioms.

The internal utility function of the DM is used to measure the utility of any
outcome. The theory presented in the classic book by J. von Neumann and O.
Morgenstern needs a quantitative measurement of all utilities and probabilities.
Von Neumann and Morgenstern’s theory assumes that probabilities are given as
objectively known magnitudes. D.Savage [39] developed an axiomatic theory
enabling one to measure simultaneously utility and subjective probability which
gave rise to the model of Subjective Expected Utility (SEU) where the probability is
defined as the degree of confidence in fulfillment of one or another event.

Together with the development of utility theory and SEU some findings
appeared concerning human behavior in the lotteries choice. Well known is the so-
called Allais’ paradox that was the object of hot disputes for several years [37].
People repeatedly demonstrated contradictory numerical evaluations of utility in the
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tasks of choice.
Inconsistent human behavior in lotteries choice was demonstrated [5].

Furthermore, it was demonstrated that people don't believe in Savage axioms [43].
The difficulties of checking axioms in the applications became evident.

The entire research on Decision Making theory was greatly influenced by
the psychological studies of P.Slovic, A.Tversky, B. Fischhoff [14], et al., who
demonstrated the existence of human errors made when evaluating event
probabilities. The main causes of these errors can be represented as follows [14]:
• Judgement from representativeness: people judge about the membership of an

object A to the class B only from its similarity to the typical representative of B
disregarding the a priori probabilities.

• Judgement from availability: people often evaluate the probabilities of events
on the basis of their own meeting with such events.

• Judgement from the anchoring point: if initial information is used as a reference
point for determining probabilities, then it exerts significant influence on the
result.

• Superconfidence: people place too much confidence in their evaluations of
event probabilities.

• Tendency to eliminate risk: people try to eliminate risky situations as much as
possible.

These work may bring into question the possibility of practical application of utility
theory and SEU theory.
Clearly, it was the first demonstration of a gap between descriptive and normative.

5.2.2 Prospect theory
Attempts were made to update utility theory so as to eliminate the most salient
discrepancies between theory and real human behavior. The Theory of Prospects [4,
15] is the most conspicuous attempt of this kind. By prospect we mean a game with
probabilistic outcomes.

Prospect theory allows for three behavioral effects:
• certainty effect, that is, the tendency to give greater weights to determinate

outcomes,
• reflection effect, that is, the tendency to change preferences upon passing from

gains to losses, and
• isolation effect, that is, the tendency to simplify choice by eliminating the

common components of decision variants.
All these effects being taken into consideration, the value of a lottery to gain
outcomes x and y with respective probabilities p and q is defined by multiplying the
utilities of the outcomes by the subjective importance of the probabilities of these
outcomes. The function of the subjective importance of the probabilities has some
specific features that allow one to avoid the Allais’ paradox and give some
explanations to other disagreement between the theory and human behavior.

The theory of prospects recommends to "edit" prospects before comparing
them - for example, to eliminate identical outcomes with identical probabilities, to
merge in one prospects with identical outcome, and so forth.
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Despite the fact that the theory of prospects eliminates some paradoxes of
choice stemming from the utility theory, it does not eliminate all problems and
paradoxes appearing upon studying human behavior in the problems of choice. The
possible paradoxes appear when editing the prospects. A solution of the problem
depends very much on the way in which one “frames” it. Furthemore, the quite
natural desire to round the probabilities and utilities leads to different results of the
prospect comparison depending on the rounding [53].

The prospect theory, as well as the utility theory relies on an axiomatic
basis. A common problem with all axiomatic theories is the validation of the axioms
allowing one to use one or another form of the function of utility (value) of the
theory.

The common feature for the utility theory, SEU and the prospect theory is
the same representation (model) of the decision problem: in the form of the holistic
parameters of the utility (value) and probability. In the middle of the 70-ies a
different model became more popular and promising: the multicriteria description of
the positive and negative factors influencing the choice. The reason is that utilities
and probabilities manifest itself in the multiple criteria of alternatives’ evaluation.

5.2.3 Multiattribute utility theory
The next step in the evolution of the utility theory was marked by the transition to
the multicriteria or Multiattribute Utility Theory - “MAUT” [16]. The construction
of a strict and harmonic mathematical theory of utility under multiple criteria was a
great merit of R. Keeney and H. Raiffa. The theory is constructed axiomatically,
where the general axioms of connectivity and transitivity on a set of alternatives,
etc., are complemented by the axioms (conditions) of independence. There exist
many conditions [12] which conceptually define the possibility of comparing
alternatives in one criteria, while the estimates in other criteria are being fixed (at
different levels). For example, the condition of the preference independence states
that comparisons of alternatives in two criteria are valid if their estimates in other
criteria are fixed at any level. If the conditions of such a kind are met for all pairs of
criteria, then the existence of a utility function in different forms is proved. We note
that the Multicriteria Utility Theory is directed to the problems where existence of
many alternatives justifies great efforts that are required to construct a utility (value)
function.

After the development of “MAUT”, critical comments were made about
possibilities of validating all axioms and conditions needed for the existence of a
multicriteria utility function in one or other form. For example, the sum of the
importance coefficients of the criteria is to be equal 1 for the existence of a utility
function in the additive form [17]. The question is: if we take into account the
possible small errors in the measurement, which value of the sum is close to 1? [51].

In the construction of one dimensional utility functions the lotteries were
used as the preferences elicitation tool. But human behavior in a lottery choice is
inconsistent [5].

Again there is an evidence of a gap between the requirements of the
decision methods (normative) and the possibilities of the human information
processing system (descriptive).
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5.2.4 Multicriteria counterparts of the well-known problems of operations research
The second root of Decision Making as a branch of research is Operations Research.

The introduction of multiple quality criteria enables one to obtain
multicriteria counterparts of the well-known problems of the operations research.
For example, additional criteria are readily built into the generalized transportation
problem [49] which can be formalized as a multicriteria problem of linear
programming for which multitude of methods were developed [46]. Also, there are
multicriteria assignment problems [22], multicriteria bin packing problems [24]
which are counterparts of the well-known Operations Research problems.

There exist a great deal of the man-computer procedures enabling DM to
examine the domain of the admissible decisions and at the same time to establish a
compromise between the criteria [46].

The man-computer procedure consists of alternating phases of analysis
(performed by the DM) and optimization (performed by the computer). Each phase
can consist of more than one step.
Optimization phase (computer):
• using the information received from the DM at the preceding step, a new

decision is computed and auxiliary information for the DM is generated.
Analysis phase (DM):
• the presented decision (or decisions) is estimated and its admissibility is

determined. If the answer is positive, then the procedure terminates; otherwise,
auxiliary information is considered;

• additional information is communicated to enable computation of a new
decision.

The man-computer procedures differ in content and execution of the above steps.
Their efficiency depends mostly on the nature of the DM-computer interaction that
is represented in terms of the quality and quantity of the information.

Together with the development of many man-computer procedures, there
appeared papers with the evaluation of such procedures from the behavioral point of
view [18, 25]. The analysis demonstrated that many operations required from people
in the framework of the man-computer procedures are difficult for the human
information processing system. People show intransitivity in the process of choice,
show suspiciously fast convergence to the solution and so on.

Again we witness here the evidence of a gap between descriptive and
normative.

All the gaps mentioned above lead us to the question: what could be said
about a human being as a DM?

5.3 THE QUALITATIVE MODEL OF THE HUMAN DECISION MAKER
On the level of the existing knowledge it is possible to summarize the evidence
about human behavior in the decision processes in the following way.

5.3.1 The features of the human information processing system
A. Limited span of the working memory.

According to cognitive psychology [45], human beings have a limited span
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of the short -term memory. In repeated tasks the span of the working memory could
be enlarged [9] but it takes both time and efforts.

That is why the DM cannot simultaneously pay attention to many factors
(or evaluations of alternatives upon criteria) in the new decision tasks. As a matter
of fact, for the new tasks DM has no possibility to create the internal structure of the
necessary knowledge.

This limitation manifests itself in such known facts as:
The DM is trying to simplify the description of the decision situation by replacing
some of the criteria by limitations, by eliminating some of the criteria, by grouping
the alternatives and so on [25]. Such behavior is the unconscious desire to decrease
the load on the short-term memory.

Experienced DMs have usually the skill of simplifying the decision
situation in the best possible way. For inexperienced DMs a significant increase in
the number of contradictions for more complex decision tasks is typical [25]
B. Limited exactness in quantitative measurements.

According to the existing knowledge, a human being is not an exact
measurement device producing quantitative measurements. The famous experiment
of A.Tversky [47] demonstrated that people neglect small differences in the
evaluations. It is the reason for the intransitive behavior in some problems of choice.
Inability to take into account small differences in the evaluation leads to the
elimination of the dominating alternatives by the conservation of the dominated
ones [19].

The experiments demonstrated that people can poorly measure the
probabilities in the quantitative way (see above). The change in the method of
measurement, the transfer from the quantitative to the verbal probability allows one
to decrease significantly the number of the preference reversals [13].

It was demonstrated in the experiments [28] that slightly different
procedures of the quantitative measurements for the same variables give quite
different results.
C. Human errors and contradictions.
It has been known since the time of antiquity that "To err is human". People err
when processing information. There could be different reasons for such a behavior:
weariness, lack of attention, habitual heuristics and so on.

5.3.2 The features of human behavior in the decision processes
A. Absence of preconceived decision rules in new decision tasks.

As many researchers supposed, the DM has no preconceived decision
rules. As noted in [52] it can be hardly expected that the utilities and numbers
expressing the subjective estimates of the objects and situations are just stored in
our minds until elicited.

To develop a decision rule the DM needs time and some learning
procedures. Usually people use some kind of a "trial and error " approach in such
procedures.

B. Search of the dominance structure.
At every step of the decision making procedures people pay attention to a
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limited number of objects. This is a possible explanation to the psychological theory
of human behavior in the decision tasks-the search of the dominance structure [32].
According to the theory, in the case of the limited number of alternatives people
make a preliminary selection of the potentially best alternative and compare it pair-
wise with other alternatives , trying to check the fact of dominance.

In the case of a larger number of alternatives, people use initially the
strategy of eliminating by aspects and after that utilize a more elaborated process
(like the search of dominance) for a smaller number of alternatives.
C. Minimization of human efforts.

J. Payne et al. [35] suggested and substantiated another theory of human
behavior upon choosing the best multicriteria alternative(s) that can be called the
theory of the constructive processes.

When comparing multicriteria alternatives, people can use various
strategies. The studies of J. Payne et al. [35] have demonstrated that in the process
of the decision making subjects often choose a strategy depending on the specific
features of the alternatives under consideration (their evaluations by criteria). Here,
the human preferences of the alternatives and criteria are very unstable. At the local
stages of the comparison, rules (or their parts) can vary depending on the relation
between the required human effort and the accuracy of choice.

As J. Payne et al. notes, such a behavior is a characteristic of the untrained
subjects. People experienced in the decision making, as well as regular decision
makers have their preferable strategies for solving problems.

5.3.3 The features of human behavior in organizations
A. Satisfactory decisions.

The studies of economists and psychologists provided an insight into the
human decision making in large organizations.

Ch. Lindblom [31] notes the officers organizations try to make as small
changes in the existing policy as possible to be able to adjust to the environmental
changes. It is not only easier to work out such changes, but also to coordinate them
within an organization. The sequence of changes is mostly the means for forming
the current policy. Lindblom also believes that this way of solving problems is more
realistic because it requires less effort and is more customary for the managers. On
the other hand, this approach is more conservative and is not adjusted to dramatic
changes in the policy.

Similar discoveries were made by H.Simon [41] who introduced notion of
satisfactory decisions as a counter to the optimal ones. In organizations, the life
itself brings people to seek satisfactory decisions - the environment is too
complicated to be described by a model, the multiple criteria are defined
incompletely, there are many active groups influencing the choice, etc. This natural
behavior of the personnel resulted in the loss of the strategic objectives amid the
petty, everyday routine.
B. Taking the power in the hands.

The desire to have the decision situation under control is typical for the
behavior of a DM in organizations. It means that the DM is trying to control all
stages of the decision making, all transformations of the information influencing a
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decision.
Speaking differently, the DM is trying to have the power in the hands. In

the case when it is necessary for him/her to take into account the interests of
different active groups, the DM is looking for a mutually satisfying decision. [27]
but he/she is always trying to implement the principal components of own policy.

5.4 HOW TO REDUCE THE GAP BETWEEN DESCRIPTIVE AND
PRESCRIPTIVE
The above features of human behavior define the numerous gaps between the
requirements of the different normative methods and the possibilities of human
beings to meet such requirements. The discrepancy manifests itself in human errors
and contradictions badly influencing the results of an analysis, as well as in mistrust
in the results of the DM to the results presented by an analyst and so on.

There are several remedies to save the situation. First, it was the idea to
improve the human performance in the process of choice: to teach people how to
use the axiomatic methods or to train them to make the quantitative measurements.

Unfortunately, we do not have any evident confirmation of success for this
approach. Even more, it became clear that many features of human behavior could
be explained by the basic organization of the human information processing system
[42].

The second reaction to the gaps is the following: human behavior is not
important factor in the decision processes. One could take evaluations in the
qualitative form but transform them quickly in the qualitative form appropriate for
many decision methods. On the final stage of the decision process it is possible to
use the so-called sensitivity analysis to check the influence of the different factors
on the output of an the analysis.

Unfortunately, the task of sensitivity analysis is very complex. It is an
independent difficult problem and only the skill of an analyst could shed light on the
influence of the different factors.

The approach we have taken [26, 30] differs from the others. From our
point of view it is necessary to adapt the decision methods to human behavior.

A possible way to close the gaps consists of taking the behavior finding
concerning human behavior as constrains for the normative decision aiding methods
[26]. By going on such a way it is possible to use the qualitative DM model
described above as a base for the construction of the decision aiding tools and the
decision support systems.

In other words, on the basis of the behavior findings it is possible to
formulate special requirements to the characteristics of the decision aiding methods
[30].

5.5 BEHAVIORAL REQUIREMENTS ON THE METHODS OF DECISION
MAKING
The knowledge about human behavior in the decision processes allows us to define
the requirements for the methods for the decision making [26].
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5.5.1 Measurements
The methods must be adjusted to the language of the problem description that is
natural to the DM and their environment. To be socially acceptable, the decision
method must be readily adjustable to the accepted way of discussing problems in a
particular organization.

The kind of a “natural language“ depends on the type of the problem. For
so -called ill-structured [40] problems the combination of the quantitative and
qualitative variables is typical. It is true, for example, for the multicriteria
counterparts of the well-known problems of operations research. One has usually an
objective quantitative model for such problems. The criteria for the evaluation of the
decision’s quality are some functions from the quantitative variables. Therefore, for
such problems the quantitative language of measurement is natural.

There are many ill-structured and some unstructured problems where main
variables (or criteria) have an objective quantitative nature like distance, money, a
number of residents and so on [16]. Here also the quantitative language is natural
and widely accepted.

For typical unstructured [30] problems, this usually means that the
estimates of the criteria and, consequently, the estimates of the variants by the
criteria are presented in a verbal form. The verbal estimates are located usually on
the ordinal scales of the criteria. Such estimates create an adequate language for
describing unstructured problems.

The decision method must be adjusted to such a description. Hence, by
defining one or another form of verbal scales the DM defines the "measurer" for the
experts estimating alternatives on these scales. The same verbal estimates are used
by the DM to define the requirements to alternatives, that is, the decision rule.

Additionally to the kind of a problem, the methods of measurement are to
be defined by an uncertainty level of evaluations upon criteria. The uncertainty level
demonstrates itself in the ability of having an exact measure of the variable. In the
case of exact measurements made by a measurement device one has negligible level
of uncertainty. In case of the human measurements, levels of uncertainty are defined
by the possibilities of a human being to give the information in a different form and
with different reliability.

5.5.1.1 Quantitative human measurements
For the situation where the quantitative language of measurement is accepted it is
necessary to take into account the characteristics of a human being as a
measurement device.

The estimates on the criteria scales must reflect changes in the value
(utility, preference, importance, distinctness, etc.) of an alternative with a
corresponding change of the estimate by a given criterion. It is known that people
can poorly estimate and compare objects of close utilities. With the continuous
scales, slight distinctions in the estimates can result in different comparisons of the
alternatives. Indeed, all other estimates being equal, the preferableness of an
alternative will be defined by one insignificant difference.

The experiment of A. Tversky [47] that demonstrated the stable
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intransitivity of choice was based precisely on this property. The subjects were
given successive pairs of alternatives where the gain slightly increased with a slight
increase in the payment. And they persistently preferred to get a higher gain for a
slight increase in the payment. Yet, when given the alternatives from the first and
the last pairs, they persistently preferred the first one, because they could not admit
such a great increase in the payment even for a corresponding increase in the gain.
In our view, the continuous scale of the estimates prevented the subjects from seeing
the gradual transition from quantity to quality. If the same subjects were given the
same task but with the ordinal (qualitative or verbal) estimates of the payment and
the gain, then a transitive relationship could easily result.

Some of the results of our experiments in choosing a summer country-
house [33] are indicative for the inconvenience of the continuous scales. Two
continuous-scale criteria, the cost and the size of the territory, were used in these
experiments. It was noted that for insignificant discrepancies in the evaluation of the
country-house the subjects do not necessarily find the alternatives that dominate the
remaining ones. The subjects sometimes eliminated from the subset of the best
alternatives (even if their number is only in the range from four to seven) an
alternative dominating one of the remaining alternatives. This observation can also
be attributed to the fact that insignificant (5-7%) variations in the cost do not affect
appreciably the values of the alternatives. Though the subjects assert that `the
cheaper the better' if this difference is pointed out, on the whole they agree that both
variants have the same utility.

The experiments suggest that the quantitative measurements are the most
sensitive to small errors and differences in the DM answers, which gives rise to the
question of the accuracy of human measurements, especially under indefiniteness. It
is well known that in physics the accuracy of measurements depends on the
precision of the instrumentation. The same applies to human measurements. The
available results of the experiments are indicative for the fact that man cannot make
precise quantitative measurements.

It means that while performing the quantitative measurements it is much
better to replace the continuous scales by the ones with discrete evaluations. Such
evaluations could represent some intervals on the continuous scales which have a
meaningful interpretation for the DM. Sometimes it is preferable to use for such
intervals verbal labels like “expensive”, “cheap” and so on for the cost evaluation.

5.5.1.2 Transition from qualitative notions to numbers
For the situations where qualitative language of a problem’s description is natural
(unstructured problems) let us discuss the attempts to combine the qualitative
measurement scales and the quantitative representation of the results. First of all, we
should mention the simple means of establishing a mutual correspondence between
the primary qualitative measurement scale and the quantitative scale of scores where
the primary measurements are carried out in a qualitative form and (independently
of the expert's will) are assigned certain numbers which are then used to estimate the
variants of the decisions. This method of measurement is not reliable because no
logical basis underlies the assignment of one or another numerical value to the
primary estimates. The worst of it is that the numbers are further treated as the
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results of the objective physical measurements. For example, when estimating the
quality of the objects by multiple criteria, the scores by criteria are regarded as the
results of the quantitative measurements and are often multiplied by the weights of
the criteria and summed up.

When considering the problems of a political choice, Dror [6] drew
attention to the fact that people assign different numerical estimates to the same
verbal definitions. We do not think that this necessarily means that one person
believes that this event occurs with 70% probability and that 70% refers to a highly
probable event, whereas another person believes that this event occurs with 90%
probability and that 90% refers to a highly probable event. Both experts are,
possibly, sure that this event is `very probable,' but when they are asked to evaluate
this probability numerically (for example, in terms of a percent or somehow else)
they replace their ignorance of this number by some (rather arbitrary) number.
Human estimates corresponding to the same verbal definition on the scale were
experimentally shown to have a rather great dispersion [50] which is especially
great for the estimates representing the mean `neutral' level of the quality.

The second popular approach is that of the theory of fuzzy sets where
measurements are carried out in terms of the descriptive qualitative values which are
then transformed to the quantitative form by the means of a given membership
function assigning numbers to any word.

To what extent is this transformation reliable? To what extent is man error-
free? It is obvious that a person constructing the membership function performs
approximately the same operation as when establishing the correspondence between
the qualitative and the quantitative scales where the DM cannot evaluate the effect
of small deviations in the estimates on the resulting comparison of the alternatives.
The references to the check for sensitivity after quantitative measurements are of no
avail. Indeed, in the presence of the multiple quantitative parameters the sensitivity
check becomes an independent involved problem that can be solved only by
eliciting from the DMs information that they hardly can provide.

5.5.1.3 Comparative verbal probabilities
Some experiments focus on the relationship between the language of measurement
and the degree of indefiniteness of the events [8]. For example, the subjects were
asked to estimate the chances of basketball teams to win in games between them.
The experimenters noticed that in the case of an unknown team (higher
indefiniteness) the experts were able to discriminate only two levels of verbal
probabilities in comparative forms — for example, ‘it is believed that the host
always plays better than the guests’.. It is stated [8] that compelling people to
quantify the probability estimates in the situations where only a few levels of
indefiniteness can be discriminated can result in erroneous estimates. This example
shows that some measurements can be carried out only in a verbal form with the use
of the `more probable than' relationships. Methodical studies of the comparative
probabilistic estimates [11] demonstrated that the comparative probabilities are
much more frequently used by the common people (both adults and children) than
quantitative estimates of the probabilities of events. The experiments used tasks
such as the estimation of the probabilities of hitting the sectors of a rotating disk and
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estimating the winners in competitions and games. The authors of this work
formulated six mathematical principles for comparative probabilities in the form of
axioms representing the mathematical concept of the qualitative probabilities. The
main experimental result obtained with adults and children above five is as follows:
human comparisons follow completely the principles of the mathematical theory of
the qualitative probabilities. The authors of this work conclude that the six
principles provide a more reliable foundation for describing human behavior than
the laws of the quantitative probability.

5.5.1.4 Qualitative measurements
We regard decision making in the unstructured problems as the domain of the
human activity where quantitative (the more so, objective) means of measurement
are not developed, and it is unlikely that they will appear in the future. Therefore, it
is required to estimate the possibility of doing reliable qualitative measurements.
Following R. Carnap, we turn to the methods of measuring physical magnitudes that
were used before the advent of the reliable quantitative measurements. Before the
invention of balances, for example, objects were compared in weight using two
relationships — equivalence (E) and superiority (L), that is, people determined
whether the objects are equal in weight or one is heavier than the other. There are
four conditions to be satisfied by E and L [3]:
1.E is the equivalence relationship,
2.E and L must be mutually exclusive,
3.L is transitive, and
4.For two objects a and b either (i) a E b, or (ii) a L b, or (iii) b L a.

One can easily see that the above scheme enables one to carry out
relatively simple comparisons of the objects in one quality (weight). It is required
here that all objects be accessible to the measurement maker (expert).

Two more remarks are due. It is obvious that the thus-constructed absolute
ordinal scale cannot have many values; otherwise, they will be poorly
distinguishable by the measurement makers. To come to terms easier, it is required
to identify commonly understandable and identically perceived points on the scale
and explain their meaning in detail. Therefore, these scales must have detailed
verbal definitions of the estimates (grades of quality). Moreover, these definitions
focus on those estimates on the measurement scale that were emphasized by the
persons constructing the scale (for example, they could be interested only in very
heavy and very light objects). Thus, the estimates on the ordinal scale are defined
both by the persons interested in one or another kind of measurement (in our case, it
is the DM) and by the distinguishability of estimates, that is, the possibility of
describing them verbally in a form understandable to the experts and the DMs.

There is no reason to question the fact that before the coming of the
reliable methods of quantitative measurement of the physical magnitudes, they were
already measured qualitatively. Today, these methods could seem primitive because
we have much more reliable quantitative methods. Yet, there is no doubt that the
pre-quantitative (qualitative) methods of measuring physical magnitudes did exist.
When they were superseded by the quantitative methods, they were treated with
negligence as something `unscientific' and obsolete. The progress of physics gave
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rise to the well-known statement that the science appears wherever the number
(quantity) occurs. To our mind, these declarations refer mostly to the natural
sciences, but in the sciences dealing with human behavior qualitative measurements
were and will be the most reliable.

5.5.1.5 How to measure
For the conclusion, we could put the following requirements to human
measurements in decision processes.
1. The measurements must be made in a language that is natural to DMs and their
environment.
2. In the case of quantitative variables (criteria) it is preferable to use discrete scales
with the evaluations representing some intervals meaningful for “measurement
makers”.
3. In the case of qualitative measurements the ordinal scales with verbal evaluations
are the best way of measurement.
4. For the cases with big uncertainty the comparative verbal measurement (better,
worse and so on) are the most correct way of receiving information from human
beings.

In the general situation, one could take as the output of measurement
process the discrete evaluations on criteria scales. Very often such evaluations have
verbal labels or verbal descriptions.

5.5.2 Information elicitation for the construction of a decision rule
The next problem after the measurements is the construction of the decision rules
for the evaluation of the alternatives. The problem for the DM is to construct the
decision rules using the kind of criteria evaluations described above.

The operations performed by the DM in the process of constructing the
DM’s decision rules are to be psychologically correct. We shall differentiate
between two types of measurements. We discussed above measurements of the main
factors influencing the decision. We shall refer to them as the primary
measurements. In some normative methods, the primary measurements suffice for
reaching the final decision. In the method of the subjective expected utility, for
example, the quantitative measurement of the utility and subjective probability
allows one to calculate the expected utility of every alternative.

Yet, for a large majority of the normative methods this is insufficient, and
some cognitive operations of the information elicitation are needed to construct a
decision rule. We will call them the secondary measurements. For example, one
needs to measure weights of criteria to decide whether the utility function is additive
or multiplicative [16].

Analysis of the different normative techniques enables one to distinguish
three groups of the information processing operations such as operations with
criteria, operations with the estimates of the alternatives by criteria, and operations
with the alternatives. Let us refer to an operation as elementary if it is not
decomposable into simpler operations over to the objects of the same group, that is,
to criteria, alternatives, and alternative estimates by criteria.
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In the survey [26] the results of psychological experiments demonstrating
the validity of different cognitive operations used in the decision methods were
collected. Below is a group of the information processing operations which are
admissible from the psychological point of view for the construction of a decision
rule [26, 30].
1. Ordering criteria by importance.
2. Qualitative comparison of two estimates taken from two criteria scales.
3. Qualitative comparison of the probabilities of two alternatives.
4. Attribution of alternatives to decision classes.
5. Comparison of two alternatives viewed as a set of estimates by criteria and
selection of the best one.
6. Comparison of two alternatives viewed as something whole and selection of the
best one.
7. Determination of a satisfactory level by one criterion.

Let us note that the operations 4 and 5 are admissible in some limits
defined by the parameters of a problem. For the operations 6 and 7 we do not have
enough of the psychological research demonstrating the validity of the operations, it
is a preliminary conclusion.

The admissible operations, reduce to qualitative comparisons (of the type
"better", "worse", "approximately equal") of criteria, pairs of estimates on two
criteria scales, holistic images of alternatives. Also, we may assign satisfactory
values, exercise a simple decomposition of criteria, alternatives. Given a relatively
small number of the criteria, we may compare two alternatives. With a not too big
number of criteria, decision classes, and estimates on scales we may assign
alternatives to the decision classes. All this together seems to be an essential
constraint for a researcher working on the prescriptive [2] techniques. But
psychologically valid methods give the reliable output. To avoid the gaps between
normative and descriptive only a psychologically correct operation of the
information elicitation are to be used.

5.5.3 Consistency test
One of the inherent characteristics of human behavior is proneness to error. In
transmitting and processing information, people make errors. They make less and
sometimes considerably less errors when using the psychologically valid
information elicitation procedures, but all the same they do make errors. The latter
may be caused by the distraction of human attention, a person's fatigue, or other
reasons.

Errors are observed both in practice and in psychological experiments.
They differ essentially from the human errors in psychometric experiments which
are known to follow the Gauss law and have the greater probability for the greater
deviations from the true value. The human errors in the procedures of the
information processing are of a different nature. For example, our studies of the
multicriteria classification demonstrated that in the problems of small dimension
(which are simple for man) gross errors leading to many contradictions are rare — 1
or 2 out of 50 cases [25]. These errors are obvious. Errors of the same kind are met
when comparing pairs of the estimates by the criteria, ranking criteria, etc. Stated
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differently, man can once and again commit essential errors. Therefore, the
information elicited from man must be validated and not used uncontrollably.

In other words, an individual can make unavoidable errors from time to
time. Hence, information obtained from a person must be subject to verification,
rather than to be used uncontrollably.

How to check the information for consistency?
The efficient methods are so-called closed procedures [20, 30] under which

the earlier collected information is subject to an indirect rather than direct test. The
questioning procedure is built so that the questions are duplicated, but the
duplication is exercised implicitly, through other questions logically associated with
the former.

The following closed procedure was first suggested for the method
ZAPROS [20]. Let there be Q criteria with ordinal scales and a small (2-5) number
of estimates. It is required to order the estimates of all criteria, that is, to arrange
them on the joint ordinal scale. To this purpose, it was suggested to perform pair-
wise comparisons of the criteria scales.

All 0.5Q(Q-1) pairs of criteria were pair-wise compared, which enabled a
rather reliable validation of the DMs' information. We note that as the number of
criteria (hence, the complexity of the problem) increases, the potential amount of the
redundant information generated by this comparison increases as well. A closed
procedure of this type has been employed to advantage in the ZAPROS method.

Note that pinpointing a logical inconsistency should not lead, in general, to
the automatic exclusion of an error but to the creation of the premises for a logical
analysis.

The decision methods must incorporate means for checking the DM's
information for consistency. No matter what method is used to elicit information
from DMs, one must be aware of the possibility of occasional errors and of the
stages of the DM training. In this connection, the procedures for checking the
elicited information for consistency are required, as well as the methods for
detecting and eliminating contradictions in the DM's information.

The need for consistency checks is not eliminated by the psychologically
correct methods of the information elicitation from the DM’s. This checking is
extremely important because it improves the efficiency of the training and compels
the DMs to recognize their errors and work out a reasonable compromise.

5.5.4 Learning procedures
As was noted above, learning is a part of human behavior. It is one of the inherent
properties of human behavior, and the trial-and-error approach is the most
characteristic human feature. Learning involves the study of a multicriteria problem
and gradual working out of the DM's policy (decision rule).

One can hardly expect that the needed information is just stored in human
minds until elicited [52]. Despite the fact that such expectations were not made
explicitly, they were implied. Indeed, in many decision methods people are required
to give immediately all parameters of the decision rules. It can hardly be expected
that at the initial stages of the decision making an individual can define sensibly and
consistently the decision rule. It can be assumed that an experienced DM
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(especially, that who dealt previously with such a problem) has some elements of
the policy such as a (possibly incomplete) list of criteria, comparative importance of
some criteria and estimates, etc., but usually all this is specified in the course of the
decision making where all tradeoffs are defined.

To allow the human ability of learning to manifest itself, the decision
method must comprise special procedures for a gradual, rather than instantaneous,
working out of the DM's policy. These procedures must allow the individuals to err
and correct themselves, to work out partial compromises, and go on to the next
ones. This process must allow the individuals to challenge their own decisions and
return to the beginning.

5.5.5 Possibility to receive explanations
From a behavioral point of view, one of the requirements for any method is
explainability of its results. The DM making a responsible decision would like to
know why alternative A is superior to B and why both are superior to C. This
requirement is quite legitimate. The stages of the information elicitation from the
DM (measurements) and presentation of the final results are separated by the
information’s transformation. Understandably, the DMs want to make sure that the
assessments of alternatives are based, without any distortion, precisely on their own
preferences. To meet this requirement, the decision method must be `transparent,'
that is, allow one to find the one-to-one correspondence between the DM's
information and the final evaluations of the alternatives.

The DMs must have an opportunity to check whether there is a
correspondence between the resulting estimates of the alternatives, on the one hand,
and their own preferences, on the other hand. This check allows the DMs to make
sure that it is precisely their preferences that uniquely define the results of using this
method. Consequently, the DM must get explanations from the method in an
understandable language. Only after that DM can receive the feeling of power in the
hands and would like to use the results of the analysis.

5.5.6 New decision methods adapted to human behavior
The requirements formulated above create the possibility to develop new decision
methods adapted to known features of human behavior.

First, the statement of a multicriteria decision problem in an organization
gives the chance to make a step forward from the usual satisfactory behavior. It was
demonstrated in many practical cases of the multicriteria decision methods
application: the choice of a pipeline route [34], the location of an airport [16].

Second, the utilization of the ways of measurements adapted to the human
information processing system gives the possibility to justify the decision methods
from the psychological point of view. Using the natural language strongly increases
the chances of a successful practical implementation.

Third, new methods of the decision rules’ construction reduce the load on
the human short-term memory and give the chances to reduce significantly the
number of human errors, contradictions, biases.

Fourth, the special procedures for checking the information and eliminating
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the contradictions give the decision methods the new quality of the reliable tools.
Fifth, the process of a gradual development of a decision rule gives the DM

the time for learning, for careful development of a compromise between the criteria.
Finally, the possibility to get an explanation increases the chances for a

successful implementation of the multicriteria decision analysis.

5.6 PRACTICAL IMPORTANCE OF BEHAVIOR ISSUES
How important are the requirements given above for the practice? How big is the
influence of the incorrect measurements and human errors on the possibility to get a
practically valid output of a decision method? Are behavior issues important only
for theoretical reasons or do they define the practical value of the decision analysis?

The partial answers to these questions are provided by the results of the
comparison of three decision aiding methods implemented as decision support
systems. One of them was the method of the Verbal Decision Analysis -ZAPROS,
satisfying the requirements given above [21, 29].

5.6.1 The decision problem
The experimental study was done to compare three methods of the decision making
[28]. The subjects were college students nearing graduation, which were in a job
search process, facing opportunities similar to those given in the study.

Let us suppose that a college graduate has several offers (after interviews)
and he (or she) is to make a decision. These jobs are very similar in quality (that is,
every variant is acceptable, but of course, one variant is better upon one aspect and
the other - on the other). So, the student has to present this task as a multicriteria
problem and try to solve it with the help of an appropriate multicriteria method.

Four criteria are used as the focus of the study: salary, job location, job
position (type of work involved), and prospects (career development and promotion
opportunities). The following alternatives were used:

FIRM SALARY JOB LOCATION POSITION PROSPECTS
a1 $30 000 Very attractive Good enough Moderate
a2 $35 000 Unattractive Almost ideal Moderate
a3 $40 000 Adequate Good enough Almost none
a4 $35 000 Adequate Not appropriate Good
a5 $40 000 Unattractive Good enough Moderate

It is easy to note that in this case there are three possible estimates upon the
scale of each criterion. The greater the salary the more attractive an alternative
would be to a rational subject. Thus, we have four criteria with three possible values
each and the values of each criterion are rank-ordered from the most to the least
preferable one.

It is evident, that there are no dominated alternatives. Therefore, the
comparison of these alternatives required some value function, which would take
into account the advantages and disadvantages of each alternative upon each
criterion.
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5.6.2 Two decision support systems based on numerical measurements
Two decision support systems based on the Multiattribute Utility Theory (“MAUT”)
[16, 17] were used for the solution of the problem given above. These systems are
LOGICAL DECISION [44] and DECAID [36]. The third DSS was one based on
the Verbal Decision Analysis (see below).

Both decision support systems LOGICAL DECISION and DECAID were
used to solve this task. Both systems implement ideas from multiattribute utility
theory, providing possibilities for the construction of an additive utility function for
the case of the risky decisions, and an additive value function for a decision making
under certainty. In our study, we used only additive value functions.

The value function obtained from both systems would therefore have the
linear additive form of the weighted sum of the criteria estimates. The coefficients
of importance for the criteria (the weights of importance) are used.

Both systems are easy to use, have a flexible dialogue and graphical tools
to elicit the decision maker's preferences.

The main difference in the systems (besides interface) is the way of the
determination of the numerical values for the evaluations upon separate criteria. In
DECAID a pure graphical (direct) estimation is used (a point on the line of the size
1). In LOGICAL DECISION there is a possibility to use a special function for the
criterion values. To determine the parameters of this function it is enough to mark
the "middle" value for the criterion (sure thing for a lottery with 50% possibility for
the best and the worst estimates).

The criteria weights are also defined in a different manner in these two
systems. In LOGICAL DECISION criteria weights are defined on the basis of the
trade-offs in a rather traditional way [17]. In DECAID weights are elicited directly
(in a graphical way - point on a line), though the system provides also the possibility
to make trade-offs, but after that the result is presented as points on the lines.

Taking into account the commonness of the approach implemented in both
systems and also the similarity of the information, received from the DM in the
process of the task solution, one could suppose that the attempt to solve the above
described task with the help of these systems must lead to very close results.

5.6.3 Decision support system ZAPROS
The third DSS is one from the family of Verbal Decision Analysis [29]. Only verbal
measurements are used on all stages of this method. ZAPROS uses ranking rather
than rating information, but the additive overall value rule is correct if there is an
additive value function. In ZAPROS the additive rule does not provide the
summation of the verbal estimates, but rather the means of obtaining a pair-wise
compensation between the components of the two alternatives.

For the preference elicitation from the subjects the following procedure
was used.

Subjects were asked to compare several specially formed alternatives by
pairs. For each pair two alternatives differed on evaluation according to two criteria
only (one evaluation was best for each alternative) and had equal evaluations (best
or worst) on other criteria.



5-20 NORMATIVE AND DESCRIPTIVE ASPECTS OF DECISION MAKING

For the task presented above it was necessary for the subjects to compare
the pairs of the alternatives different on each pair of the four criteria. The example
of a typical question is:

“What do you prefer: the firm giving salary $ 40 000 with an adequate
location or the firm giving salary $35 000 with a very attractive location? Please,
take into account that on the criteria “Position” and “Prospects” both firms are
good”.

Comparing these alternatives, subjects were to choose one of the following
responses:
1. alternative 1 is more preferable than alternative 2;
2. alternative 2 is more preferable than alternative 1;
3. alternatives 1 and 2 are equally preferable.

The implementation of a such simple system for the comparison of the
pairs of the alternatives gives us a possibility for a simple check of the received
comparisons on the basis of transitivity.

The method provides a verification of the received comparisons for the
transitivity and allows to change some of the responses on the request of the user to
eliminate the intransitivity. It also guarantees that the comparison of each pair of the
alternatives from this set is supported by at least two responses of the user.

Let us note that such a way of the preference elicitation is psychologically
valid (see above). The received information allows one to build joint ordinal scale
combining all evaluations on the separate criteria scales. The joint ordinal scale
provides the possibility for the construction of a partial ranking for every given set
of the alternatives.

Thus, this rank-ordering may be used for the comparison of the initial five
alternatives because in our task the additive value function is supposed to be the
right one and the criteria were formed to be preferentially independent. This
algorithm does not guarantee the comparison of all alternatives because for some
pairs of the alternatives ZAPROS gives only the incomparability relation.

5.6.4 The comparison of three decision support systems
Each subject from the group used all three DSS for the solution of the problem
presented above. The difference in the outputs of the methods consisted in
following: some pairs of the alternatives have not been compared with the ZAPROS
method. Simple method of the preferences elicitation used by ZAPROS gave no
possibility (in general case) to compare all given alternatives. ZAPROS gave only a
partial ranking of the alternatives.

In contrast to it, two other methods give the complete ranking for the given
alternatives. Also, LOGICAL DECISION and DECAID gave numerical values of
the utility for all alternatives.

The results of the experiment were analyzed in a different form: the
ranking of the given alternatives, the ranking of the specially formed alternatives
used in ZAPROS, the ranking of the criteria weights and so on.

First of all, it was found that the correlation between the outputs of
LOGICAL DECISION and DECAID was very low. The ANOVA test demonstrated
that for the group of subjects the outputs of LOGICAL DECISION and DECAID
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have not been statistically significant in the measurements of the criteria weights
and the ranking of the alternatives.

The following results were very interesting: the outputs of the pairs
LOGICAL DECISION-ZAPROS and DECAID-ZAPROS were correlated and were
significantly correlated. It means that only for the alternatives compared by
ZAPROS the relations were essentially the same.

It is possible to give the following explanation of the results.
The alternatives that could be ordered by ZAPROS are in the relations

closed to the ordinal dominance. Such relations are more stable. Moreover, they
were constructed in a very reliable way: verbal measurements psychologically
correct way of preference elicitation, a possibility to check information and
eliminate contradictions.

Two complete orders constructed by LOGICAL DECISION and DECAID
were based on the numerical measurements and the weighted sum of the alternatives
estimations by criteria. The difference in the utility (even small) defined the final
order of the alternatives. The errors (even small) made by people while performing
numerical (primary and secondary) measurements resulted in quite different orders
of the alternatives.

5.7 CONCLUSIONS
The fact that a DM can not perform some cognitive operations in a reliable way is
very important. It is the starting point for the development of a new decision theory
where behavioral issues play at least the same role as the mathematical ones.

This new theory is needed not only for the decision analysis. The
economists still believe in the myth of the existence of a rational person who
behaves like a robot in the mathematical models of economics. But the facts
demonstrate that consumers’ behavior is far from rational [10]. The same is true for
investor's decisions.

Behavioral issues are very important for political science [7]. We witness
many errors made by leading political figures in different countries. Some such
errors are difficult to explain. But a lot of them could be explained by the behavior
factors. To describe how politicians make decisions, to help them choose the better
strategies one must take into account knowledge about human behavior.

The reason of gaps between prescriptive and descriptive is basically the
lack of the joint work between psychologists and sociologists engaged in the
behavior research and mathematicians developing normative methods. The members
of different research communities have different goals that generally do not
coincide. Only joint multidisciplinary work could change the situation.

The understanding of the importance of research directed to the elimination
of the gap between normative and descriptive is constantly increasing.

It is a good sign, the sign of the formation of a new image for the decision
theory. New multidisciplinary research will give the important theoretical and
practical results.
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