
SE0300365

Restructuring of Values and Probabilities:
Psychological Processes in Human

Decision Making under Risk

Ola Svenson (1) and likka Salo 1,2)
(1) Risk, Social and Decision Research Unit

Department of Psychology, Stockholm University
S 106 91 Stockholm Sweden

(2) Department of Psychology Lund University
S 221 00 Lund Sweden

Abstract

According to Differentiation and Consolidation Theory (Diff Con), the decision
maker's representations of values and probabilities are interdependent and changing
over time in risky decision making. This is a clear violation of most normative
theories of decision making. The present contribution will present Diff Con and
provide empirical illustrations of how mental representations of values and
probabilities change over time. The paper concludes with a discussion of the
implications of these findings concerning expert and lay people decision making
about risks and hazards.

1. Introduction

The present contribution represents a descriptive approach to human decision
making. Decision making is a mental process that leads to a final decision, and the
purpose of the present paper is to describe this process, as it proceeds through
preliminary evaluations of choice alternatives, towards the final decision and the
processes that follow after the decision. Both experts and lay people use the same
psychological processes but the information processed may differ between the two
categories as well as some characteristics of the psychological processes. Many
decisions are part of adaptation and control in dynamic environments requiring a
sequence of interrelated decisions, but in this paper we shall focus on just one of the
decisions in such a sequence.

When decision theory is applied in the area of risk, it has been the rule that
non-native theories like the Expected Utility Theory and the Subjective Expected

Utility Theory are used (von Winterfeldt & Edwards, 1986; Keeney, 1992). This is
the case not only in normative analyses but also in descriptive analyses, in which, the
normative theory is used as a benchmark to evaluate human or organizational
decision making (Hogarth, 1991).
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From a decision aiding perspective, it is necessary that a decision analyst and a client
can communicate using the same mental models of a decision situation. If the analyst
makes incorrect assumptions about a client's decision process and/or decision
structure and asks for information according to these assumptions, it becomes hard
or impossible to aid the client. To elaborate, if the client answers in his/her own
framework (different from the analyst's) and the answers are interpreted in the
analyst's framework, it is hard for the analyst to give good advice that the client can
use. The experts understanding of the situation is only superficial in this case. To
exemplify the problems in the situation, the analyst may ask for value trade-offs that
the client cannot or does not want to apply. Or the analyst may ask questions about
interval scaling of the utility of attributes that the client can only rank order.

Because of the normative model's domination also in descriptive decision research,
the focus of interest has been on deviations of human and organizational decision
making from normative theory. The findigs have often been interpreted without
deeper analysis or relation to models of the psychological processes leading to the
results. From a psychological perspective, the description of decision making
processes should be as close as possible to the underlying psychological processes
with less attention to the normative aspects. Therefore, the present approach models
human decision making as close to the psychological processes as possible and yet
within a decision theoretic famework. Differentiation and Consolidation Theory
(Diff Con) developed by the first author will be used in this effort (Svenson, 1996,
2001).

2 A descriptive approach to human decision making

2.1 Quick holistic decisions

There are two ways in which decisions can be made. The first of these is in
automated processes leading to a decision very quickly. In fact, most of our daily
life decisions are made in that way. To illustrate, when you buy milk in the
supermarket, you do not always think about the quality of the milk. Instead, you
typically use the color of the container, a symbol or the brand of the milk to guide
your purchase decision. The characteristics of the quick automated processes are
often not conscious to the decisionmaker. Actually, the decisionmaker is often not
aware of having made a decision. The second way of making decisions involves
more elaborate mental processes that take more time. In contrast to holistic
decisions, some characteristics of the longer decision processes may be conscious to
the decisionmaker. To illustrate, the decision to buy a new home is often an elaborate
and timeconsuming process. Decision processes of this kind will be treated below in
the section presenting Diff Con theory.

A quick automated decision can be based on recognition of a decision problem that
triggers an automatic decision response. These automatic decisions are the result of
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prior learning. Therefore, such decisions are rather frequent and they have been
processed in the past in other decision processes or the decisions have been followed
by some kind of feedback guiding the decisiotimaker. It is important that in this case
it is a complete decision problem that is recognized and not just the alternatives In
most of these cases, the decisionmaker does not experience any emotional/affective
reactions. The decision problem is through past learning connected to a solution in
the terrns of a choice.

In such cases, a quick automated decision can be based on quick emotional/affective
reactions to the alternatives. The affect heuristic describes how aternatives in a
decision problem have been coupled with emotional/affect reactions in the past.
Those reactions immediately tell the decisionmaker if an alternative is good
(approach) or bad (avoid) (Zajonc, 1980; Benthin, Slovic, Moran, Severson, Mertz
& Gerrard, 1995; Peters Slovic, 1996; Slovic, 2000; Slovic, Finucane, Peters 
Mac Gregor, 2000;). Damasio's 1994) somatic-marker hypothesis is related to the
affect heuristic, "Somatic markers are special instances offeelings generatedfrom
secondary emotions. Those emotions and feelings have been connected, by learning,
to predicted future outcomes of certain scenarios" (Damasio, 1994, p. 174) A
scenario corresponds to a decision alternative in the present context.

Affect is a strong predictor of many decisions with alternatives that are equal or
similar to alternatives that the decisionmaker knows well before the decision. But,
some of these reactions can relate to e.g., social norms or they can be even be part of
human evolution, such as reactions to snakes and spiders that trigger very negative
affective reactions in some people. The affect heuristic may lead to biases but it is
also a very efficient way of making decisions when fast decision making is required.

2.2 Differentiation and Consolidation Theory

Even though most decisions are fast and requiring little or no conscious attention,
there are decision problems that cannot be readily solved in such quick processes.
Diff Con models the more elaborate processes needed in such situations. Diff Con
also includes quicker processes like those treated above as subprocesses of the more
elaborate processes elicited in difficult decision situations. In fact, many of the quick
holistic decisions have their origin in prior elaborate decision processes.
Differentiation and Consolidation Theory treats both pre- and post-decision
processes (Svenson, 1992, 1996, 2001).

Differentiation is the process in which a preliminarily chosen alternative is first
selected and then differentiated from its competitors to reach the final decision.
Sometimes a preliminary alternative is rejected and replaced by a new preliminary
alternative. The differentiation process may involve initial quick holistic decisions
for selecting a preliminary alternative. To exemplify, the affect heuristic may be used
in this process. Differentiation is performed through applications of different
decision rules, restructuring of the decisionmaker's representation of the alternatives,
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and decision problem restructuring that can generate new alternatives A necessary
condition for differentiation and consolidation is that the decisionmaker is personally
involved in the decision (Svenson, 2001). If the decisionmaker is not sufficiently
involved, there will be no strong incentive to drive differentiation before and after
the decision (post-decision consolidation of the decision).

According to Diff Con theory, the goal of a decision process is to find or create a
sufficient degree of differentiation between a preliminary chosen alternative and its
closest competitor, to enable a choice. It is not enough to select the best option. This
is both because of cognitive reasons (the chosen alternative should stand out as a
"gestalt" or unit against the "background"), and because a sufficiently superior
alternative makes the decision less vulnerable to changes of the decision makers
mind, to poor outcomes and post decision regret. Application of different decision
rules is part of the differentiation process as well as the restructuring of the mental
representation of the decision alternatives. After a decision, follows differentiation
now called consolidation, which continues to support the decision. In some cases the
support is not sufficient and the decisionmaker regrets or changes his or her decision.

Diff Con theory represents decision alternatives (e.g., jobs) through aspects (e.g.,
SEK 15500 per month, 38 hours week) on attributes (e.g., "salary", "work hours")
ordered according to the importance of the attributes for a decision (Svenson, 1996,
1999). However, Diff Con theory does not require all decision alternatives to be
represented by aspects from the same set of attributes for all participants and
alternatives. DiffCon treats the aspects according to the importance of the attribute
to which an aspect belongs. According to Diff Con regularities in decision making
can be found if the attributes are ordered according to their importance for each
individual decisionmaker. Another possibility is to use spontaneous associations to
decision altenatives and to order them according to the order in which they appeared.
That is, all first associations are grouped and treated together in the same way as the
most important attribute etc. The content or "label" of the most important or first
association attribute may vary across participants. To exemplify, one participant may
consider "salary" as the most important attribute and another participant "work
hours" as the most important attribute. In Diff Con theory the ratings from these two
participants on their most important attributes are combined and treated as ratings on
the most important attribute. Diff Con theory research has shown that regularities in
decision making processes, otherwise hidden, can be found if data are treated in this
way rather than according to attribute labels (Svenson, 1996). This is because
decisionmakers tend to process aspects, on what they consider the most important
attribute, in the same way irrespective of what characteristics the attribute represents.

There are four different kinds of differentiation processes, which can be activated in
the process of reaching a decision, namely, holistic, process, structural and problem
restructuring processes. As mentioned above, differentiation that takes place in the
post-decision phase, tis is called consolidation. Consolidation involves the same
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sub-processes as differentiation, with exception for some parts that are not relevant
after a decision has been taken.

(1) Holistic differentiation is a quick non-analytic process that was already
introduced above. It often involves sub-processes that are not conscious to the
decisionmaker him or her self. Emotion/affect can be directly evoked by an
alternative as a whole without specific conscious reference to aspects characterizing
the alternative.

(2) Process differentiation involves the processing of available information using
one or more decision rules (Beach, 1990; Svenson, 1979). To exemplify with the use
of one rule, the conjunctive rule. This rule implies the setting of a criterion level on
one or more attributes (e.g., price) and going through the available alternatives,
rejecting those who fail to pass the criterion level. The lexicographic rule prescribes
a choice of the aternative that is best on the most important attribute (or if this is a
tie on the next attribute in order of importance and so on). Expected utility rules type
rules are not among the intuitively most available rules.

(3) Structural differentiation includes three kinds of differentiation, (a) attractiveness
restructuring, (b) facts restructuring and (c) attribute importance structuring. These
are the kind of differentiation and consolidation processes that will be in focus in the
present study.

Attractiveness restructuring means that, in order to achieve a sufficiently superior
alternative, the attractiveness of the decision alternatives are gradually changed in
support of a preliminary chosen aternative. To exemplify, the perceived beauty of an
expensive carpet may be gradually improved in an attractiveness restructuring
process until the decision to buy the object becomes possible. Different aspects
(images or scenarios) may also appear during the decision process to support a
preliminary preferred alternative. Correspondingly, the same process can be used to
support a final choice in the post decision stages.

Facts restructuring concerns the change of representations of facts to support a
decision alternative. To illustrate, the perceived probability of failure of a preferred
alternative is decreased when a decision has been made.

Finally, attribute importance restructuring means that attributes with aspects
supporting the chosen alternative are given increased importance. For example, the
importance of the probability attribute is gradually increased until the final decision,
when the preliminary decision was based primarily on probability considerations.

(4) Problem restructuring is another type of differentiation, which means that new
decision alternatives are created in processes also involving problem solving. Here,
the set of the given decision alternatives is rejected and new options are created.

308



2.3 Empirical illustrations of value attractiveness and probability facts
restructuring

Attractiveness and facts restructuring have been noticed early in decision research
and often been referred to as "biased" information processing. Festinger (957;
1964) introduced cognitive dissonance and the value restructuring of decision
alternatives driven by the dissonance following a decision. Janis and Mann 1977)
extended the interest to cover pre-decision information processing as well. Thus, the
biased information processing started already before a decision was made. Frey
(1986) illustrated this bias in favor of the chosen alternative in his empirical studies.
Biased infon-nation processing has been given many names in the decision theoretic
tradition. To exemplify, "value as a determiner of subjective probability" (Slovic,
1966), "selective exposure to information" (Frey, 1996), "wishful thinking" (e.g.,
Hogarth, 1987), "outcome bias" (Cohen Wallsten, 1992), "desirability bias"
(Olsen, 1997), "value bias" (Yates, 1990), "dominance structuring" (Montgomery,
1983), "comparative advantages" (Shafir, Osherson & Smith, 1989), "constructed
preferences" Payne, Bettman and Johnson, 1992; Slovic, 1995) and "distorted
information processing" (Russo, Medvec & Meloy, 1996).
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Figure I Restructuring of attractiveness differences from T I to T4. For the conflict
groups, the mean values of the attractiveness differences on the two conflict
attributes were averaged to represent the total impact of value conflict on
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attractiveness restructuring (squares). The other attribute with no conflict (diamonds)
was also computed in the same way.

In a study by Svenson and Hill 1977) university students made decisions about their
own futures in terms of what professional direction to choose during their last year of
education. The alternatives were specialization courses in psychology, economics,
personnel administration etc. Svenson and Hill measured the attractiveness of the
alternatives on different attributes 4 times during about months before the students
had started their respective courses. About half of the students had a value conflict
(chosen alternative worse on that attribute) on one of the two most important
attributes. The results showed how the alternatives were restructured during the time
before and after the decision so initial disadvantages were restructured in such a way
that they in the end appeared as advantages supportin g the chosen alternative. This
change on a conflict attribute took place on the two most important attributes (e.g.,
interest). Figure I shows the same -cross over" effect for a group of nursing students
making job specialization decisions - and by that the courses required for a
specialization (Salo Svenson, 2001). The figure shows how an initial
disadvantages of a chosen alternative in the conflict group (bottom curve) was
restructured into an advantage on one of the two most important attributes during the
period before and after a decision. The upper curve represents the nonconflict group.

Salo 2000) asked participants to rate the importance for a decision of the chance to
win attribute. The decision concerned lotteries for a free vacation trip (to Vierma or
Helsinki). Initially, there was a first lottery for those who wanted to go to Vienna. In
this first lottery there was a 33% chance of getting a ticket to the main lottery in
which the Vienna free trip ticket was the prize. For those who wanted to go to
Helsinki (not so attractive) the probability was 100% in the first lottery, so all
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participants who preferred the safe Helsinki alternative could take part in the final
lottery. The chance to get a win ticket was high and equal in the final Helsinki and
Vienna lotteries. Thus, the options differed on the probability dimension. The trips
were real and the final winners were later given money check to cover their trips.

Figure 2 The importance of the probability attribute in a decision before (TI) and
after the outcome of a participant's own decision (T2 and T3). Participants, who
experienced positive outcomes after their decisions, "winners, are represented by
squares and losers" by diamonds. Triangles denote decision makers who preferred
a certain alternative (with a 100% chance of a positive but less valued outcome).

Figure 2 shows how the participants rated the importance of the probability
dimension after their decisions (to go for the Helsinki or Vienna lottery) and after the
first outcome of that decision and two weeks later. For those preferring Helsinki
nothing happened because they were guaranteed a ticket in the main lottery for
Helsinki (open triangles). The figure shows that the importance of the probability
dimension is about stable and greater than the ratings of the other groups. Only one
third of the participants who decided to try to get to the Vienna lottery got a ticket in
that lottery and for them the importance of the probability dimension was stable too.
However, the effect of loosing the chance to get a free trip to Vienna made those
participants devaluate the importance of a decision of the kind they just had made
and the importance of the probability dimension in the evaluation of the Vienna
33%/67% option. Svenson and Mahnsten 1995) asked their participants to rate their
individual chance of winning in a lottery before the lottery was run. They were later
asked to replicate their ratings. Those who won rated their initial ratings higher than
they were in reality, while those who lost rated their earlier ratings as lower than they
were. This result, called the hindsight effect by Fischhoff 1975), has been replicated
in many experiments since 1975.

To conclude, attractiveness values are restructured in order to reach a decision and to
support a decision after it has been made. The effect is very strong and can turn
advantages into disadvantages. The probability dimension is also restructured. First,
the importance of the probability dimension changes from before to after a decision
depending on the decision outcome. Second, the values on the probability dimension
are misrepresented after the outcome of a decision. If a predicted outcome did
happen, then the memory of the earlier probability estimate was increased in
comparison with the actual estimate given earlier. If the predicted outcome did not
happen, then the probability is decreased in hindsight.

3 Implications

Generally speaking humans have made intellegent decisions according to the past
evolution of the species. Those decisions were made in an environment that was only
marginally, locally or very slowly affected by human activity. Presently, the situation
is different because of the globalization of decisions and actions affecting the
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environment. In this perspective it is interesting to reflect on human decision
processes and risk perception, decisions under time pressure and expert decision
making.

Risk perception is a term used to describe how people mentally represent risky
activities, exposures, events, outcomes etc. In the present context, the normative
definition of risk will be the probability, uncertainty or likelihood that a negative
event will occur. Risk perception is studied when a situation involves normative risk.
Perceived risk depends to a certain extent on the subjective probabability of an
outcome or the belief that it will happen. But in addition, a great number of other
factors make up the quality of a risk and its perceived magnitude (Slovic, 2000).

Affective reactions to risks can lead to a holistic and very quick decision or
judgment. In the risk area the affect heuristic plays a dominating role in litat it can
determine how a risk is perceived in fractions of a second. Paul Sovic and his
colleagues (Finucane, Alhakami, Slovic Johnson, 2000) have shown how affect
can form both beliefs and values in risk perception. This line of research is
elaborated further in Slovic's contribution to this conference.

Decision makers who experience that they have been sufficiently involved in a risky
decision will restructure both beliefs and values. Positive aspects will become more
favorable and negative aspects less negative for the chosen risky alternative. The
belief that the negative outcome will occur will be downgraded and the belief in the
positive outcome upgraded. In addition, the absence of negative outcomes can
support the restructuring process. The information searched and processed is biased
in support of the preliminary or final choice (Frey, 1984). This is part of the
confirmation bias, which means that once we have found a hypothetical solution we
have a tendency to test the solution by searching for supporting information and not
in a search of facts that could falsify the hypothesis.

If a negative outcome happens this will be in sharp contrast with the decision maker's
expectations, and for example, the negative aspects may be denied, ignored or lead
to a total change of the perception of the risk.

Decision making under time pressure takes place when there is a time limit and the
decision maker experiences that the time available is too short for the time he or she
would need for a decision. There are different ways ofcoping with time pressure.
One is to speed up the process, another to change the information search and a third
way of coping is to leave the process when time is out. Time pressure may also
affect the emotional state of a decision maker, but we will not go into that area in this
context. Speeding up the process typically affects the information input part of the
process usually making it more superficial and shallow. Holistic decisions that are
very quick are less affected by time pressure than slower differentiation processes. In
general, the differentiation process is shortened or compressed in response to time
pressure making final decisions more dependent on preliminary choices and aspects

312



on which preliminary choices are based. Decision makers are less likely to change
their preliminary choices under time pressure than when given ample time. On the
other hand, decision makers under time pressure have less time to differentiate their
decisions, which makes the decisions more vulnerable to post decision threats and
regret.

Expert decision making is often advocated as a means of avoiding lay people's
representations of risky decision making. In general, expert decision making is better
than decisions made by lay people. Experts who get proper feedback (e.g.,
meteorologists) or have access to more information that they can use (e.g., "inside
traders" on the stock market) are usually superior to the unaided layman. However,
experts who do not have sufficient infon-nation (e.g., those making business cycle
predictions over a couple of years) or feedback (e.g., poor physicians who never see
their patients more than once) do not have the proper environment for developing
real expertise.

Experts often use fewer but more valid cues than lay people when making judgments
and decisions.
Expert decision making is often fast and experts'knowledge about how to use a few
but crucial cues is important for the quality of the decisions. However, experts are
also quicker to arrive at a preliminary judgment or decision than lay people. This is a
valuable asset in the majority of cases. However, when the first preliminary decision
has been made, this alternative will be strengthened in the following differentiation
process and the preliminary alternative will not be easily rejected. Empirical tests
have shown that when contradicting information became available, experts did not
change their initial decisions as fast as relative novices in the same field (Carlson 
Russo, 1999). Probabilities are very well handled by some experts like
meteorologists, and are more difficult for experts dealing with rather or very small
probabilities, e.g., human relative error probabilities. In those situations, structuring
of subjective probabilities may lead to significant biases in relation to normative
theory (Svenson, 1989).
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