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Abstract
According to a descriptive approach of rationality, choice reveals a preference relation that must integrate all kinds of individual preferences, since
it is assumed that rational individuals do "what they prefer". On the other
hand, normative approaches such as Expected Utility or Game Theory reduce preferences to consequential preferences. As a result, discrepancies
between descriptive and normative approaches will emerge when procedural preferences combine with consequential preferences to motivate rational
behavior. This paper presents a conceptual and formal framework that integrates both consequential and procedural preferences. The Allais paradox
and the Prisoners' Dilemma are analyzed in light of this new perspective.
Instead of being interpreted as paradoxes, these situations reveal how utility
or disutility for gambling (Allais paradox) or the influence of a social norm
for cooperation (Prisoners' Dilemma) influence rational behavior.
*This paper benefited from the comments of Peter Wakker, my discussant at the Economic
Science Association annnual meeting held in Mannheim, June 1998, as well as from discussions
with Reinhard Selten and Robin Pope during the same meeting. I also thank Mark Machina and
my INSEAD advisors Anil Gaba, Christoph Loch and Ludo Van der Heyden for helpful discussion. Ideas and terminology presented kn this paper should be seen as exploratory and subject
to modification. Comments, critique and discussion addressed to the author are welcomed.

1. Introduction
Rationality is a central notion for the understanding of human behavior. Its empirical and formal study has lead to distinguish between different methodological
approaches, among which are the descriptive and normative ones (Bell, Raiffa,
Tversky: 1988).
Descriptive approaches of rational behavior start from the empirical observation of what individuals do, and then infer individual preferences. Because the
individual is assumed to be rational, what he does is supposed to correspond to
what he prefers. In other words, rational behavior reveals individual preferences.
On the other hand, normative approaches of rational behavior formally assume
preferences, and then deduce behaviors that are consistent with such preferences.
When a non-consistent behavior is observed, it is referred to as "irrational".
Experimental investigations have shown a "discrepancy" between these two
approaches of rationality. In particular, behavior violating Expected Utility theory or Game Theory as normative frameworks has been observed repeatedly. Two
examples of such violations are the Allais paradox (Expected Utility theory) and
the Prisoners' Dilemma (Game Theory) 1 . This paper presents exploratory elements of an integrating approach that sheds some light on these discrepancies. It
introduces the notion of procedural preferences and provides meaningful interpretation to behaviors otherwise qualified as irrational.
The philosophical stance of this approach is that individual rationality is not
only concern by the consequences of actions, but also by the processes by which
these consequences are reached: the actions themselves. Individuals might prefer
some actions per se over others and in practice, these preferences combine with
preferences over consequences. We propose the idea that treating procedural
concerns as preferences provides a meaningful integration of consequential and
procedural views'.
In order to formalize and develop this argument, we postulate that the object
of choice is composed of two fundamental and irreducible dimensions. The first is
the action itself, or what the individual does, and the second is the consequence
of such an action, or what the individual expects to get from his action. Through
Selecting references on this issue is a difficult task. To name a few that also provide excellent bibliographic references: Bell, Raiffa, Tversky (1988) gathers key papers on the distinction
between descriptive and normative approaches; the review papers of Machina (1987a, 1987b)
surveys problems of Expected Utility Theory; teaching notes from Kreps (1988) offers an excellent compilation on axiomatic choice theory; Binmore (1994) evokes the issue of consequentialism
within Game Theory in his treatment of the Prisoners' Dilemma; Luce (1992) analyzes the experimental failure of Expected Utility Theory in view of representational theory of measurement.
2 According to Sen (1995:15): "the need to combine procedural concerns with those of actual
events and outcomes is quite strong" .
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a consequence function, actions and consequences combine as couples to compose acts. Actions, consequences, and acts are the basic entities. They give rise
to three types of preferences. Preferences over actions per se or processes (procedural preferences), preferences over consequences (consequential preferences),
and preferences over acts. We provide a definition of rationality based on these
concepts3.
Since actions and consequences always combine together through the consequence function, preferences over acts are analyzed as a combination of consequential preferences and procedural preferences 4 . However, by considering a preference
relation over the range of the consequence function, Expected Utility theory and
Game Theory preclude the consideration of procedural preferences in their traditional construction. As a result, these normative approaches tend to restrain their
formal analysis to consequential preferences 5 . Since descriptive approaches reveal preferences over acts, there will be a discrepancy with normative approaches
to the extent procedural preferences influence rational behavior. As examples,
the integration of procedural preferences helps to interpret the empirical results
observed for the Allais paradox (Allais, 1953) or the Prisoners' Dilemma. These
"paradoxes" are no longer revealing irrationality, but the influence of procedural
preferences over the actions taken by individuals. The experimental setting of the
Allais paradox then reveals utility or disutility for gambling, a type of procedural
utility that could not take place in the Expected Utility theory 6 . As a game, the
Prisoners' Dilemma reveals the influence of a preference for cooperation, a procedural preference that depends on the individuals and their interpersonal relations
or the social context within which they act. By construction, such preferences
could not have been integrated beforehand in a game theoretic experiment built
on consequential preferences only.
One of the interesting aspect of this approach is that it does not invalidate
Expected Utility theory or the basic solution concepts of Game Theory such as the
Nash Equilibrium. These normative approaches continue to address the particular
case where individuals are procedurally indifferent. We build on these theories in
order to encompass considerations which could not have found a place in them
by construction. In other words, we propose to embed these formal systems in a
3 Rationality becomes composed of different and irreducible dimensions. This idea is present
in different forms in the literature, in particular in sociology and philosophy: see for instance
the seminal work of Weber (1978) and the more recent book of Nozick (1993).
4 1n other words, we address here practical rationality, whereby individual do something
intentional and substantial.
5 1n other words, these theories formally reduce utilitarianism to consequentialism.
6 "Thus a suitable definition of utility [...] eliminates in this case the specific utility or
disutility of gambling, which prima facie appeared to exist" (von Neumann and Morgenstern,
1953: 629). See also Fishburn (1989) and Pope (e.g. 1995).
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social context7.
The paper is organized as follows: section 2 explains the basic concepts and
provide the necessary definitions. Section 3 applies them to a procedural view to
Expected Utility theory with the example of the Allais paradox, and section 4 to
Game Theory and the analysis of the Prisoners' Dilemma. Section 5 presents our
conclusion.

2. Integrating Procedural Preferences into Rationality
2.1. Actions, Consequences, and Acts

When an individual acts, he takes an action while anticipating some consequence
for this action. We want to reflect this duality between actions and consequences
in our formalization because we think that they are both fundamental and of an
essentially different nature. An action is a transformation of the world, carried
out by the individual. A consequence is the outcome of this transformation. In
other words, actions correspond to what people do, while consequences correspond
to what they obtain. In Figure 2.1, we depict an individual with a square and
we depict consequences as circles. Actions are the link between individual and
consequence8 . We propose thus to consider couples composed of an action and
its consequence the primitive empirical entity of analysis. When an individual
acts, he takes an action a, anticipating some consequence c. The relationship
between actions and consequences is reflected by a consequence function g with
domain A and range C, g : A -- C, a ►--- g(a) = c9 . The consequence function
reflects the anticipation of the specific consequence of an action by an individual
when he takes the action. The couple (a, g(a)) is called an ace° . The set of acts
F is included in the Cartesian product of the set A of actions and the set C of
consequences. We denote Fc Ax C, and f = (a, g(a)) E F. .
'It seems that Granovetter (1985) first proposed this idea of embedment.
8 Actions are a relation between the subject and the consequence. It has no "substance" but

an "intensity" .
9 The terminology consequence function seems to be largely accepted, although "function"
should not be restrictive: it can be a set-function (i.e. a correspondence). The notation and
terminology we use is inspired by the text book on Game Theory of Osborne and Rubinstein
(1994).
10We have to stress the fundamental difference between this definition of an act and the one
by Savage (1954). We consider necessary to reflect in the primitive entity the simultaneous
consideration of both consequences and actions. We have chosen to use the terminology act for
the formalization of this dual entity. In sociology, this corresponds to the terminology of social
action (Weber, [1956]1978). But the duality has been perfectly described by Herbert Simon
speaking of means and ends of a social action. Such wording appears too removed from the
traditional terminology of formalized approaches.
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Figure 2.1: The Object of Choice as a Dual Entity
Action

0
Consequence

Individual

Act = (Action, Consequence)

Having defined the entities of analysis, what can be said when observing a
particular behavior?
2.2. Revealed Preferences over Acts
When an individual rationally chooses to take a particular action, then we say
that he preferred to take this action over an other one. This is the principle
that rational individuals do what they prefer. In other words, rational behavior
reveals individual preferences. However, we must answer the question: a preference among which entities? Does rational behavior reveal a preference among
actions, among consequences, or among combinations of both, i.e. among acts?
According to the idea of rationality, if rational individual do what they prefer,
revealed preferences must include any preference relevant for behavior. As a result
of our definition of acts as dual entities composed of actions and consequences,
empirically revealed preferences must be over acts. When all acts are valued, and
their valuation is transitive, a preference relation >-. over the set of acts F results.
As we will see, such a preference relation is not necessarily similar to preferences
over actions (what individuals choose to take) or preferences over consequences
(what individuals expect to get) since each one of these two types of preferences
might be influential, but not uniquely so.
2.3. Consequential and Procedural Preferences
Now that we have considered revealed preferences over acts as combinations of
actions and consequences, we propose to separate such preferences into two preference relations: one over consequences, and another one over actions. Although
preferences over acts are empirically revealed, such preferences over consequences
or over actions are not observed separately. They are properties of a formalization
aimed at better understanding rational behavior. We call preferences over consequences consequential preferences. They induce a preference relation >.Cover the
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Figure 2.2: Types of Preferences
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set C. Consequential preferences reflect the extent to which consequences are valued independently of the action implemented to reach them. We call preferences
over actions procedural preferences. They induce a preference relation J P over the
set of actions A. Procedural preferences reflect the extent to which an action is
valued independently of its consequence. The action is valued as a process to reach
some specific consequence. This separation which is depicted in Figure 2.2 is a
tool to better understand the reasons behind rational behavior".

2.4. An Integrated Definition of Rationality
When an act is observed and some states are represented as consequences, we
tend to draw the erroneous conclusion that the act is rational if and only if the
consequences are preferred. Of course, some consequences are better than others,
but consequential preferences are only one dimension of the preferences revealed
by behavior. There remain procedural preferences. It might be the case that such
procedural preferences overcome consequential preferences, and that the consequence corresponding to the preferred act is not itself the preferred consequence.
"We consider that rational behavior can be motivated by two types of reasons: procedural
ones and consequential ones. For an approach to rationality that distinguishes different types
of reasons, see Boudon (1996). In Sociology, Boudon always maintained that rationality could
integrate the influence of social norms while still following methodological individualism. For
more details about the present approach and its link with sociology, see Le Menestrel (1997).
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Naturally, when procedural preferences are neutral, i.e. when the individual does
not favor any action over any other, then preferences over acts and preferences
over consequences coincide. In such situations, only results matter. We can reason similarly when consequences are equivalently valued. Then, preferences over
acts are simply procedural preferences: only the process matters. These two
limit-cases draw a link between the empirical observation of behavior and its
formalization. They show an equivalence between revealed preferences and consequential or procedural preferences for situations where only one of them matters.
Although of different nature, another link can be supposed. When an action that
is procedurally preferred leads to the preferred consequence, the act composed of
such a combination is said optimal and should be preferred'. We can summarize
these features of rationality in the following definition using the three preference
relations
>-- c , and j':
Definition 2.1. An individual is acting rationally if and only if he takes action
a* E A such that (a*, g(a*))
(a, g(a)) V a E A, while requiring
Pl. Procedural Indifference:
a* : g(a*)
g(a) < > (a*, g(a*)) t (a, g(a));
V(a,g(a)) E F such that a
P2. Consequential Indifference:
a < > (a*, g(a*))
(a, g(a));
V(a,g(a)) E F such that g(a) tiC g(a*) : a*
P3. Optimality
g(a) and a* et, P a
V(a, g(a)) E F : g(a*)
(a*, g(a*)) r (a, g(a)).

t,

The first part of the definition states the principle that rational behavior empirically reveals what an individual prefers. The second part of the definition
states three properties: two equivalences or limit-cases, and an implication in
case of optimality13.
It is essential to note that preferences over acts cover all alternatives available
to the individual. Preferences over acts are complete. However, the properties
stating the links between empirical preferences over acts and formal preferences
over actions or consequences do not cover all situations. There might be situations
where both actions and consequences matter and where the procedurally preferred
action does not lead to the preferred consequence. In these situations, individual
rationality is not formally determined by considering separately consequential and
procedural preferences. We propose that such a formal indeterminacy reflects the
volitional character of rational behavior'. The volitional character of rational
12 This last property is only an implication, since an act might be preferred, while not being
optimal.
13 When such an optimal act exists, it is sufficient that it is strictly preferred, either for its
action or its consequence, to be unique.
14 Sen (1997) indeed identifies process as one of the dimension responsible for the volitional
character of choice.
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behavior means that the act of choice is the expression of the will of an individual,
who acts as a subject. His behavior also expresses his own subjective values, and
therefore it is not necessarily determined a priori. In the particular case of a
dilemma between consequential and procedural preferences, rationality remains an
inherently empirical primitive: at the individual level and for a specific behavior,
it can only be observed, not predicted'.
It remains to be shown how such separation remains operational in understanding practical situations. The consequence function plays a major role to this
purpose.
2.5. The Consequence Function in Expected Utility and Game Theory
Consequences and actions are not "independent". They are related to each other
by way of a consequence function. The consequence function separates actions
from consequences and gives acts a particular qualitative structure. Although
they ignore the procedural dimension in terms of its specific preferences, the two
formalizations of Expected Utility theory and Game Theory assume such a consequence function. However, they assume a preference relation only over its range.
For instance, Expected Utility theory considers a preference relation over probability distributions of consequences. In that case, the consequence function is
one-to-several, whereby each action can lead to several consequences with respective probabilities. Considering such probabilistic consequences enables a cardinal
measurement of consequential preferences, which underlies the formalization of
Expected Utility theory. However, probability distributions do not correspond to
the reality of the object of choice and their consideration as primitive entities excludes procedural preferences. As we will see, the definition of acts as a dual entity
combining both an action and its consequence enables us to complement Expected
Utility theory with procedural preferences. For instance, the Allais paradox stems
from the failure to take into account a procedural utility (or disutility) for Gambling, according to which individuals reveal a preference for actions leading to
probabilistic (respectively non-probabilistic) consequences.
In the basic construction of Game Theory, the consequence function is severalto-one, in the sense that each consequence is determined by several actions, each
one taken by each individual or player of the game. In these situations, individuals
interact and consequences are interdependent of these interactions. Consequences
are not determined by one individual action but by profiles of actions, i.e. vectors composed of one action per individual. In the formalization of its solution
15 In a sense, we only make explicit the hypothesis about procedural preferences that is implicit
in current normative frameworks. It is always possible (although sometimes difficult to justify)
to make such an assumption in the present approach, and then return to the case of procedural
indifference.
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concepts, Game Theory has assumed a preference relation over consequences as
determined by profiles of actions. Considering that individuals have preferences
for the process by which they reach consequences obliges us to distinguish these
preferences over consequences from preferences over acts which must integrate
procedural preferences. However, we will see that such an integration is particularly simple and provides an intuitive interpretation to the empirical results of
the Prisoners' Dilemma.
3. Expected Utility and the Allais paradox
3.1. Probabilistic Consequences and the Measurability of Preferences'6

Since von Neumann and Morgenstern (1953), we know that we can cardinally
measure transitive preferences when they are complete over a set of probability
distributions (for details about the axioms, see for instance: Fishburn 1982). The
cardinal measurement enables us to treat the utility of probabilistic consequences
as the expected utility of these consequences. Such a result corresponds directly
to the present approach when procedural preferences are neutral and only consequences matter (procedural indifference). In such situations, preferences over
acts are thus also cardinally measurable, since they are equivalent to consequential
preferences.
When we want to also integrate procedural preferences in the numerical representation, we propose to weigh these von Neumann Morgenstern utilities in order
to reflect the influence of the procedural dimension. In other words, we represent preferences over acts by weighted von Neumann Morgenstern utilities. The
weights reflect procedural preferences and the von Neumann Morgenstern utilities represents consequential preferences. When the numerical measurement of
the utilities takes only positive values, its combination with the weights verifies
the properties P1, P2, and P3 of rationality stated above. More formally, consider a utility function u(.) with u(6(c)) > 0 V6(c) E 6(C), the set of probability
distributions on C. Consider also a weighting function a(.) with a(a) > 0 Va E A,
and EA a(a) = 1 that reflects the preference relation -- Pon A, then we use the
following representation for >-- over F:
( a* , g(a*)) ,,-., (a, (g (a))

<#.
a(a*) x u(g(a*))

a(a) x u(g(a))

(3.1)

16 A more detailed treatment of the measurement issue of our approach can be found in Le
Menestrel (1998).
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Figure 3.1: Utility Representation
u (c1)

a (a1 ) x u (c 1 )> a (a2 ) x u (c2)
Individual

u (c2)

We call a(a) the procedural utility of action a, and we call u(g (a)) the consequential
utility of consequence g(a)' . The weights on each action account for a processdependence of the utility for acts since they reflect the utility attached to actions
as processes 18 . Our proposed utility representation is summarized in Figure 3.1.
3.2. Utility and disutility for Gambling in the Allais paradox

There is little need to present the Allais paradox (Allais, 1953). The experiment is
composed of two choice situations. In the first one, individuals reveal a preference
over two lotteries, or combinations of amounts of money with probabilities. We see
this descriptive step as enabling the experimenter to deduce a consistent preference
for the second choice. However, replicated results show a systematic violation of
this normative prediction for numerous individuals.
Considering the two situations depicted in Figure 3.2., a typical observation
is that action al is taken and also action a 4 . Such a pattern violates Expected
Utility theory because assuming a preference for the probability distribution generated by action a l over the probability distribution generated by action a 2 is
formally consistent with a preference for the probability distribution generated
17 Note that if if we still call "utility" the combination of procedural and consequential utilities,
then rational individuals maximize their utility, as a combination of consequential and procedural
utility. A recent paper by Kahneman, Wacker, and Sarin (1997) also proposes to introduce
another type of utility that would be of "intensive" nature: "Instant Utility", p. 376. Further
work should clarify the extent to which our approach is part of their general framework.
18 There seems to be close relationship between the influence of states on preferences and the
influence of processes as formalized in the present approach. Further work should clarify this
matter (see for instance Drêze,1987).
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by action a 3 over the probability distribution generated by action a 4 . However,
actions a3 and a 4 are differing qualitatively: a 3 implies that the individual gambles, while a 4 offers him a sure consequence of $1 Million without gambling. It
might be that the individual has a preference for gambling (utility for gambling)
or a preference for not gambling (disutility for gambling) but such a preference
can not be treated as a consequential preferences 19 . Indeed, assuming a preference relation over probability distributions amounts to allow the substitution of
one probability distribution for another, even if the latter is degenerate, i.e. is
indeed a certain consequence20 . The procedural approach is here of particular interest. Since actions are separated from probability distributions of consequences,
we can integrate utility or disutility for gambling has a procedural preference'.
Instead of rejecting the Expected Utility framework, we use it to make explicit
the influence of procedural preferences.
In the first choice, where both actions impose to gamble, we invoke property
P1 (Procedural Indifference) to reveal consequential preferences since they are
equivalent to revealed preferences. We then deduce consistent consequential preferences in the second situations. However, since one of the available action does
not impose to gamble in the second situation, such formally deduced preferences
must be combined with procedural preferences in order to maintain the rationality
hypothesis.
3.3. Set-up

We write for the consequence function:
c 1 with probability 0.10
c3 with probability 0.90
c 2 with probability 0.11
c3 with probability 0.89

{ci with probability 0.10
g(a3) = c2 with probability 0.89
c3 with probability 0.01
g(a4) = c2

19 See von Neumann and Morgenstern, 1953: 629, 632 for their discussion of the inability to
integrate utility for gambling in Expected Utility theory. More recently, Pope has insisted on
the impossibility to construct more elaborated outcomes that integrate utility for gambling and
still satisfy the axiomatic framework of Expecetd Utility (see for instance Pope (1995) and its
references). We provide in subsection 3.8. a simple argument rejoining this impossibility issue.
20 This is possible because of the independence condition (Fishburn and Wakker, 1995). Note
that here, this condition remains valid for combinations of probabilities and consequential utilities in the case of procedural indifference.
21 Note that we do not treat utility for gambling as a cardinal preference (like "a preference
for Gambling of x units") but as ordinal ("either a utility for Gambling "or a "disutility for
Gambling").
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Figure 3.2: A Procedural View at the Allais Paradox
a, (Gambling)

Individual

a2 (Gambling)

a4 (Not Gambling)

As we said, when an individual takes a l , a2 ,or a3 , he gambles. By taking a4,
he does not22 . Now, consider we observe an individual taking action a l . He is
revealing a preference:
(ai,g(ai))

((a2,g(a2))

(3.2)

Since both al and a2 show the qualitative distinction "Gambling", we suppose
procedural preferences do not influence behavior. By property P1, we have then:
<--> g (a l) >-- c g(a2 )

(3.3)

The von Neumann Morgenstern cardinal utility leads to:
> u(g(ai )) > u(g(a2))

(3.4)

> 0.10u(ci ) + 0.90u(c3 ) > 0.11u(c2 ) + 0.89u(c3)

(3.5)

<

<

<---> 0.10u(ci ) + 0.89u(c2 ) + 0.01u(c3 ) > u(c2)
<

u(g(a3)) > u(g(a4))
< > g(a3 ) >_ C g(a4)

(3.6)
(3.7)
(3.8)

Such a formal deduction, which characterizes Expected Utility, is still valid
according to the present approach. However, we can not make the normative
implication that the individual should take action a3 and not action a4 , nor say
22 1n the following analysis, we focus on gambling as the only procedural preferences influencing
behavior.
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after observing the choice of a 4 that the behavior is irrational. In order to move
from formal deduction to normative or descriptive implications, we have to take
into account that actions a3 and a4 are differing qualitatively in terms of gambling
versus not gambling. The individual might have a preference for Gambling or
a preference for not Gambling. We must take into account these procedural
preferences in order to formulate predictions or justify inferences23.
3.4. Possible Predictions with Procedural Preferences

Suppose the individual has a utility for gambling. Therefore, the individual
prefers, in the procedural sense, action a 3 over action a4 . Moreover, since he
took action a l which is consistent with preferring g(a 3 ) over g(a4), he then faces
a situation of optimality: the preferred action leads to the preferred consequence.
By property P3, we can then predict that the individual takes action a 3 and not
action a4 . In other words, the individual should gamble.
Suppose now that the individual has a disutility for gambling. The individual
procedurally prefers action a4 over action a3 . However, since he took action al
which is consistent with preferring g(a3 ) over g(a4), he faces a dilemma: the
preferred action does not lead to the preferred consequence. In such a situation,
we can not know if his disutility for gambling will "overcome" his preference for
g(a3 ) over g(a4 ). We do not have enough information in order to predict behavior
of the individual.
Correspondingly, if the individual had taken action a2 in the first choice, prediction would have been possible only when supposing for the individual a disutility for gambling. We would then predict that the individual takes action a4.
3.5. Legitimate Inferences with Procedural Preferences

Suppose now that we observe individual's behavior in the first and the second
choice. First, consider we observe the individual taking action a 3 after having
taken action al . Then, we can not infer whether the individual has a utility or
disutility for gambling. A utility for gambling is consistent with such behavior, but
also is a disutility for gambling, if it does not "overcome" his preference for g(a3)
23 Such procedural preferences might depend on the context: in a casino or in a laboratory
experiment for instance. It might also depend on whether the consequence of the first act has
been actually reached. When we inferred the individual's preference —equation (3.2), we have
done it ex ante: we considered that the individual didn't know at that time which consequence
he would reach. But since we observed his behavior, he might well have reached a particular
consequence and this result might modify his procedural preference for gambling or not gambling:
for instance, would you act the same just after having received $5 Million or lost the opportunity
to receive them?
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over g(a4 ). Such a behavior does not reveal whether the individual has a utility or
disutility for gambling. Second, consider we observe the individual taking action
a4 . Then, we can infer that the individual has a disutility for gambling. It is the
only possibility since his previous taking of action a l is consistent with preference
for g(a3 ) over g(a4). Such a pattern of choice does reveal a procedural utility of
the individual.
Correspondingly, if the individual had taken action a 2 in the first choice, only
the individual taking action a 3 would reveal a utility for gambling. Observation of
the individual taking action a4would not reveal procedural utility of the individual.
3.6. Limit-cases

Suppose we can observe that the individual is indifferent between taking a l or a2.
Supposing the representation is neutral, his behavior is then consistent with an
indifference among g(ai ) and g(a2 ) and thus among g(a3 ) and g(a4 ). As a result,
any assumption about his utility or disutility for gambling enables prediction.
Similarly, behavior in the second choice will reveal such utility or disutility for
gambling.
Another limit-case is when the individual takes either a l or a2 , but shows
indifference between taking action a3 or a4 . With such a pattern of choices, the
individual always reveals his procedural utility: disutility for gambling if a l has
been previously taken; utility for gambling if a 2 has been previously taken.
We have tried to show the extent to which our approach can help to predict
behavior or carry out inferences about the values of the individual. We have seen
that not all cases are 'equally informative'. Moreover, we would like to point that
the consideration of procedural preferences induces a sort of asymmetry between
ex-ante analysis (prediction of behavior given hypothesis about consequential and
procedural utilities) and ex-post descriptive analysis (inferences about procedural
utility or consequential utility given behavior). We believe that such reasonings
capture the 'volitional' character of rational behavior.
3.7. Limits of analysis

Although this approach does not always produce precise predictions of rational
behavior, the reasonings it supports are still subject to contradiction. When we
observe action al and we suppose that the individual has a utility for gambling,
then observation of the individual taking action a 4 contradicts the reasoning. Such
a pattern of behavior is not consistent with the qualitative and formal assumptions that are proposed here to study rational behavior. The contradiction might,
however, come from different types of reasons. First, the assumption about utility or disutility for gambling might not be correct. The observation of action a4
14

then supports this modified assumption. Second, our study of the influence of the
procedural preferences might not be correct: there are other qualitative distinctions among choices that influence rational behavior and that are not expressed
by the dichotomy "gambling, not gambling". Then, we have to better analyze the
context of choice in order to integrate these other qualitative dimensions. That
is, we have to model the procedural dimension of choice more finely. Third, the
individual might not be rational in the sense proposed in this paper.
3.8. Why Gambling is not an attribute of the consequences?
We would like to end this section by stressing the absence of meaning in treating
utility for gambling with Multi-attribute Utility theory (see for instance Keeney
and Raiffa, 1976). Consider a cardinal utility function with two attributes: one
corresponds to amounts of money, and the second is either Gambling (probabilistic
consequence) or NotGambling (non-probabilistic consequence). The observation
of an individual taking action a l would lead to the relation:
0.10u(c i , Gambling) + 0.90u(c3 , Gambling)
> 0.11u(c2 , Gambling) + 0.89u(c 3 , Gambling)

(3.9)

or, equivalently:
0.10u(c i , Gambling) + 0.89u(c 2 , Gambling) + 0.01u(c3 , Gambling)
> u(c2 , Gambling).

(3.10)

But the last term is not meaningful. It designates the consequence of receiving
$1 Million with probability 1 and the attribute Gambling. Since the meaning of
Gambling is to characterize a probabilistic consequence, we have a term which
designates something and its contrary. This "other" Allais paradox shows the
logical difficulty in considering a preferences for Gambling as a characteristics of
the consequences24.
4. Game Theory and the Prisoners' Dilemma
4.1. Interdependent Consequences and Rationality in Games
24 We do not find it convincing to avoid the paradox by accpeting to define preferences over
an entity like u(c2 , Gambling), since such expression is not meaningful. Although I don't know
of any logical explanation of such a paradox, I think it arises from a misrespect of the different
logical stages at which each set-theoretic entity (action and consequence) is formed.
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The essential characteristic of situations where several individuals interact in a
social context is that consequences are interdependent. In other words, consequences are not determined by one individual action but by profiles of actions,
i.e. vectors composed of one action per individual. As a result, Game Theory
does not characterize directly the rationality of choice but proposes solution concepts characterizing the result of interactions. In particular, the solution concept
of Nash Equilibrium characterizes a profile of actions to the extent it leads to a
steady-state, whereby no individual would have preferred to choose another action
given the actions of others.
The consideration of procedural preferences does not raise any particular difficulty in adapting the solution concept of Nash Equilibrium. We refer to individual
i as a member of a set N of n individuals. We say that individual i takes an action
a i belonging to the set A i of all available actions of individual i, and we denote
a = (a 1 , ..., an) a profile of actions 25 . The set of profiles of actions is a Cartesian
product of the sets of individuals' actions and is denoted A = We denote g a consequence function whose domain is the set of profiles of actions and
whose range is the set of interdependent consequences C. Consequence of profile
of action a is noted g (a) E C. The definition of acts remains as couples of actions
and consequences as represented by the consequence function g and are denoted
(ai , g(ai , a_ i )). The set of acts for individual i is denoted Fi C Ai x C and one
of its members fi = (a i , g(ai , a_ i )), fi E
We write the definition of a Nash
Equilibrium with preferences for acts:
Definition 4.1. Nash Equilibrium with Preferences for Acts.
A profile of actions (4, a* i ) is a Nash Equilibrium if and only if, for all i E N :
(ai, g(ai, a*_i)).
V ai E
(a7 , g ( a i , a*_ i )
When procedural preferences do not matter, the definition matches the traditional definition used in Game Theory 26 . As we have proposed the property of
optimality for a single individual, we can refine such a solution concept in order
to select only one equilibrium. Consider a situation where, for all individuals, the
procedurally preferred action leads to the best consequence each individual can
reach at equilibrium. In this optimal case, we think that there are "good reasons"
to reach such an equilibrium and we propose to call such an equilibrium an Optimal Nash Equilibrium. As in many real life situations, and as recognized in the
case of a single decision-maker, such optimality between procedural and consequential rationality may not exist. There are therefore strategic games without an
25 0r equivalently a = (a i , a_i ) when we want to specify the action a i of individual i versus
all other actions a_ i of all other individuals —i, with —i i
26 Without procedural preferences, a Nash Equilibrium is defined by: V i E N, Vai E
g(ai,aLi).
Ai , g (a i ,
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Optimal Nash Equilibrium. However, when an Optimal Nash Equilibrium does
exist, it is sufficient for one of the preferences (procedural or consequential) to
be strict for such an equilibrium to be unique'. Besides, such an equilibrium is
always Pareto-efficient 28 . Formally, denoting A* the set of profiles of actions that
are Nash Equilibria, we can define an Optimal Nash Equilibrium as follows:
Definition 4.2. Optimal Nash Equilibrium with Preferences for Acts.
A profile of actions a* = (4, a* i ) is an Optimal Nash Equilibrium if and only
4 ›-- 1- ai.
if, ViEN: Va i * E A*, g(a*)
g(a'*), and Va i E
Such a definition provides a sharp criterion to single the 'focal' or 'salient'
equilibrium in case of coordination issues29 . It will be of interest for the treatment
of the Prisoners' Dilemma.
4.2. The influence of a social norm for cooperation in the Prisoners'
Dilemma
In the Prisoners' Dilemma, each individual can take two actions: Cooperation and
Defection. Consequences depend on which actions are taken by each of the individuals. If both individuals cooperate, they reach a consequence that is preferred
to the consequence resulting from mutual defection. If only one defects, he reaches
a consequence that is preferred to the consequence resulting from mutual cooperation, and the other reaches a consequence that is not preferred to the consequence
resulting from mutual defection. Analyzing such a game in terms of consequential preferences is straightforward. Cooperation is dominated and the only Nash
Equilibrium is when both individuals defect.
The difficulty is that we might intuitively think of both individuals 'Cooperating' as the rational choice, since they would end up in a better state. However,
this state is not a steady-state and thus, it is not recognized as an equilibrium
in the classical treatment of this game. However, the occurrence of such a state
(both individuals cooperating) is high in experiments attempting to reproduce
the idealized situation of the Prisoners' Dilemma39.
27 There might be situations where a unique non-Optimal Nash Equilibrium exists (the following treatment of the Prisoners' Dilemma provides such an example).
28A profile (4, a* i ) is a Pareto-efficient Equilibrium if and only if (4, a* i ) >i (aii *, a'*i ) for all
i E N and (ai*, a'*i ) E A*. This condition is satisfied by P3 for any Optimal Nash Equilibrium.
29 Le Menestrel (1997) insists more on the proximity of this solution concept with the notion
of conventions introduced by Lewis (1969).
39 In a Meta-Analysis conducted over 1952 to 1992, the average rate of cooperation was found
to be above 40% (Sally, 1996).
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The approach proposed here formalizes the consideration that the game played
by the individuals is not merely a game of consequences. In other words, individuals may have procedural preferences to cooperate that lead them to act rationally
in a way that is not the one formalized with rationality of consequences. Moreover,
since such preferences affect the process itself, they could not have been measured
beforehand. Only the interaction reveals them. When the game is presented to individuals in experiments, its consequences can not include procedural preferences.
Procedural preferences are expressed when the game is played and each action actually chosen by each individual 31 . By introducing procedural preferences, we
provide a meaningful interpretation of empirical experiments of the Prisoners'
Dilemma. For weak procedural preferences, the game of acts indeed remains such
that mutual defection is the only equilibrium 32 . The interest is thus not to identify
a unique rational solution but to show how the integration of procedural preferences helps to reveal the extent of the perceptual transformation when the game
of consequences is embedded in a social context. Procedural preferences are thus
an interesting opportunity to render Game Theory more meaningful in a social
context (Schelling 1980: 285).
4.3. Set-up

A two-individual Prisoners' Dilemma with perfect information and preferences for
acts can be defined by:
(i) N = {1, 2} the set of individuals.
(ii) Two available actions for each individual: A i = {Co, De}, i E N. Profiles
of actions are (Co, Co), (Co, De), (De, Co), and (De, De) where the first action is
attributed to individual i, the second to individual —i.
(iii) A weak ordering ›- i of individual i over acts, represented by the weighted
utility function a i () x ui (.), i E N. Acts of individual i are (Co, g(Co, Co)),
(Co, g(Co, De)), (De, g(De, Co)), and (De, g(De, De)).
Individual i' consequential utility representation is given by:
ui (g (De, Co)) = wi ( i defects but — i cooperates),

(4.1)

ui (g(Co, Co)) = xi (both cooperate),

(4.2)

31 0f course, it remains to explain why a particular individual has particular procedural preferences. Such an analysis is not part of the present paper that restricts itself to the rationality of
acts given the procedural preferences of individuals (practical rationality). Our current research
explores the formalization of the choice of procedural preferences through communication.
32 It is therefore not a question of challenging the formal treatment of a Prisoners' Dilemma.
If the game remains structured according to a Prisoners' Dilemma when both consequential and
procedural preferences have been taken into account, defection remains the only dominating
action.
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ui(g(De, De)) = yi (both defect).
(4.3)
ui (g(Co, De)) = zi (i cooperates but – i defects),
(4.4)
We have wi, xi , yi , and zi E R. For the separation to hold and for the game
to be a Prisoners' Dilemma of consequences, we must have w i > x i > yi > zi > 0.

The game of consequences can be represented in its normal form by the following
matrix where actions of individual 1 are stated in rows and actions of individual
2 are stated in columns. In each box, utility of individual 1 is stated first:

Table 4.1: The Prisoners' Dilemma of consequences
Cooperation (Co) Defection (De)

Cooperation (Co)
Defection (De)

x1, x2

z1, w2

Wl, Z2

y1, Y2

Individual i' procedural utility is given by:
ai :

{ai (Co) = a i1
ai (De) = 1 – ai with —2 < a i < 1.

(4.5)

We can now represent the game as it is perceived or revealed, i.e. integrating
procedural concerns in the normal form:

Table 4.2: The Prisoners' Dilemma of acts
Cooperation (Co)
Defection (De)
al x x 1 , a 2 x x2
al x z 1 , (1 – a 2 ) x w2
Cooperation (Co)
2
x
z
2
l
1
(1
–
a
)
x
w
,
a
(1
– a l ) x yi , (1 – a2) x Y2
Defection (De)
4.4. Existence of Nash Equilibria:
Given the consequential utilities wi, xi , yi , and zi , the Nash Equilibria of this
game depend on the values of the individuals for cooperation a l and a 2 . Applying
definition 4.1. for the profile of actions (Co, Co), Cooperation of both individuals
is a Nash Equilibrium with preferences for acts if and only if:
Vi E N, (Co, g(Co, Co)) , ,-,i (De, g(De, Co)).
<

>

V i E N, ai (Co)

ui (g(Co, Co)) >
. ai (De) x ui (g(De, Co))
–> a 1 x 1 >(1 – a 1 )w 1 and a 2 x 2 >(1 – a 2)w2
x

(4.8)

w2 .
(4.9)
W2 + x2
Wi + Xi
Similarly, (De, De) is a Nash Equilibrium with preferences for acts if and only
4-4- a 1 >

if:

(4.6)
(4.7)

w

1

and
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a2>

Y1

>Y2
al and

yi +

y2 + z2

> a2.

(4.10)

This game may also include asymmetric equilibria. Individual i taking action
Co and individual —i taking action De, that is profile of actions (Co, De) is a
Nash Equilibrium with preferences for acts if and only if:
w_i

Yi

(4.11)
w_i + x_iyi + zi
Having determined the conditions of existence of Nash Equilibria, we characterize now situations where several of them coexist.
>a_, and az >

4.5. Multiple Nash Equilibria:

Firstly, we can see that asymmetric equilibria cannot coexist with symmetric
equilibria, conditions (4.12) being not compatible with either (4.10) or (4.11).
Secondly, symmetric equilibria can coexist. The conditions for such coexistence of symmetric Nash Equilibria are:
yi

>ai > wi , Vi E N.
(4.12)
+
wi + xi
Thirdly, asymmetric equilibria can also coexist. The conditions for such coexistence of asymmetric Nash Equilibria, i.e. (Co, De) and (De, Co) are both Nash
Equilibria are:
> a, > y2 Vi E N.
(4.13)
wi +
+
Finally, a special case arises where no Nash Equilibrium exists. The conditions
for absence of Nash Equilibrium are (pairs of indices (i, —i) being (1, 2) or (2, 1)):
7

yi + zi

> a, >

wi

+

and

w_i

>a_2> y- i
w_i + x_iy_i + z_i

(4.14)

4.6. Optimal Nash Equilibria:

When it exists, equilibrium (Co, Co) is always the unique Optimal Nash Equilibrium. The equilibrium (Co, Co) can coexist only with (De, De) and in such a case,
it is optimal while (De, De) is not. This is because of the construction w
>
V i E N. Therefore, ai > w+ixi , Vi ai > 2and as a result a i (Co) > ai(De).
Since we have also g(Co, Co) > g(De, De) by construction, it makes (Co, Co) an
Optimal and Unique Nash Equilibrium.
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Figure 4.1: Nash Equilibria in a Prisoners' Dilemma with procedural preferences
for Cooperation - Case 1
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Asymmetric Nash Equilibria of this game are never optimal. This is due to
the fact that the procedural condition a i (De) > a i (Co) is never satisfied in such
cases.
Finally, equilibrium (De, De) is the unique Optimal Nash Equilibrium if and
only if a i = -, which is the limit-case where individuals are procedurally neutral,
or purely consequential.
4.7. Graphical Summary of Solutions

As we have said, the interest of the approach is not to determine a unique rational
solution for the Prisoners' Dilemma but to make full use of empirical observation
of rational behavior to reveal procedural preferences. Once consequential preferences have been measured beforehand, we can express rational solutions of the
perceived game depending on procedural preferences. To this purpose, we represent graphically the existence of the different Nash Equilibria and their optimality
using the procedural values a l and a 2 of individuals 1 and 2 as coordinates. These
values reflect a procedural preferences for Cooperation and thus have a range from
1/2 to 1 excluded. Values of 1/2 are interpreted as neutral values while values of
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Figure 4.2: Nash Equilibria in a Prisoners' Dilemma with procedural preferences
for Cooperation - Case 2
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1 are interpreted as value-rational for the action of cooperation 33 . We distinguish
three representations corresponding to three classes of Prisoners' Dilemma games:
4.7.1. Case 1:

Yi+Zi

> wi

Wi +Si

for all individuals i :

As shown in Figure 4.1., a Nash Equilibrium always exists in this case. Symmetric
equilibria of Cooperation and Defection can coexist but as we have shown, only
the cooperation equilibrium is optimal. At each asymmetric corner, there exists
an asymmetric equilibrium which is not optimal for both individuals. For low
procedural values, only the Defection equilibrium remains, which is never optimal,
except for the limit-case of procedural neutrality of all individuals.
4.7.2. Case
2:>
for all individuals i :
wi-r-xi — yi+zt
As shown in Figure 4.2., a Nash Equilibrium also always exists in this case. The
symmetric and optimal equilibrium of Cooperation is restricted to stronger procedural preferences than in case 1. The symmetric equilibrium of defection holds
33 The terminology of value-rational was proposed by the sociologist Max Weber in order to
characterize rational acts that are not motivated by consequences at all (see Le Menestrel 1997).
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Figure 4.3: Nash Equilibria in a Prisoners' Dilemma with procedural preferences
for Cooperation - Cases 3
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for symmetrical procedural values close to neutrality but it never coexists with
the Cooperation equilibrium. At each asymmetric corner, the asymmetric equilibria exists similarly to case 1, but they also coexist for some values of the profile
(al, a2).
4.7.3. Cases 3: yi >
Yi-Fzi —

wiand

w_i >

Y--i
Y—i-Fz—i •

Figure 4.3 indeed represents two permutable third cases depending whether we
take i = 1(—i = 2) or i = 2 (—i = 1). These third cases are characterized by their
asymmetry, which entails the absence of equilibrium for some values of (a l , a2).
There is no coexistence of equilibria.

5. CONCLUSION
This paper proposed a modification of the object of choice by defining acts as
couples composed of an action and its consequence according to a consequence
function. It appears that descriptive approaches of rationality rely on the revelation of preferences over acts, while Expected Utility and Game Theory restrain
to preferences over consequences. As a result, when procedural preferences over
23

actions per se —as processes to reach consequence— influence behavior, a discrepancy between descriptive and normative approaches might emerge. Instead of
qualifying these discrepancies as irrational behaviors, we proposed an integrating
approach that provides a meaningful interpretation in terms of procedural preferences. For instance, systematic deviations from Expected Utility theory or Game
Theory in the Allais paradox or the Prisoners' Dilemma do not necessarily come
from irrational behavior but demonstrate the influence of procedural preferences.
Many theories have been developed to reconciliate experimental evidence but
it seems that none of them tried to integrate the procedural dimension with the
consequential one. We proposed in this paper an introductory exploration of such
an integration that builds on existing approaches of Expected Utility and Game
Theory rather than invalidate them. It remains to clarify and develop many
aspects of the approach, including its axiomatic foundations, the extent to which
it is empirically falsiflable, the links with the current literature and the possibility
of useful applications.
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