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The Exchange of Voting Positions: An
Object-Oriented Model of Policy Networks

In chapter 4, Bueno de Mesquita presented his expected util-
ity theory of forecasting political decisions. In his theory,
each actor is assumed to be an expected utility maximizer —
that is, each actor evaluates different strategies and pursues
the one that he or she believes gives the highest expected
utility. His theory allows actors to evaluate strategies solely
on one issue at a time. Actors are not given the opportunity
to maximize expected utility by connecting their voting po-
sitions on one issue to their respective positions on other
issues. In this chapter it will be demonstrated that, under
certain conditions, two actors can gain expected utility si-
multaneously by exchanging voting positions on two deci-
sions or issues. Subsequently, a model is presented to predict
the exchange rates of such potential trades, to compute the
expected utility gains for the actors, and to simulate the re-
alization of exchanges and their effects on the outcomes of
decisions in a system of N actors and M decisions.

Our exchange or logrolling model is based on many of the
same fundamental assumptions as the Bueno de Mesquita
model. In particular, we assume single-peaked utility func-
tions and the unidimensionality of each issue. We focus, how-
ever, on the multidimensional linkage across issues rather
than on compromises within each separate issue. As our ex-
change model opens new strategies for actors over several
decisions, it can be seen as an extension of the Bueno de
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Weesie, Allen Whitt, and Evelien Zeggelink for their extensive com-
ments on earlier drafts. The computer implementation of the model was
supported by 1BM under a study contract between 18M and the Inter-
university Center for Sociological Theory and Methodology of the Uni-
versity of Groningen, 1CS.
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Mesquita model. Our model deviates considerably from earlier exchange
models of collective decision-making processes that are conceptualized in
terms of exchange of control.!

Previous Exchange Models

In the early 1970s, Coleman (1972, 1973) presented his well-known social
exchange model. Coleman applies Walras’s model of economic exchange
on a perfectly competitive market to more general exchange processes in
decision making by assuming that actor preferences are consistent with a
Cobb-Douglas utility function (see Coleman 1990, pp. 674-75). His model
is built on a simple conceptual framework consisting of actors and events.
Actors vary in their control over and interest in events. Coleman shows
how changes at the collective level stem from the exchange between actors
of control over one event for control over other events. Exchanges are
motivated by differences in the distribution of control over events among
the actors compared to their interest in the events. Actors are hypothe-
sized to exchange control over events in which they are less interested for
control over events in which they are more interested.

The resources of each actor are defined as his or her amount of control
over valued events, whereas the value of an event is defined in terms of
the interests of resourceful actors in the event. If the distribution of control
over actors and their interests in events are known, the values of the
events, the resources of the actors, and the distribution of control at
equilibrium can be computed.

Coleman’s exchange model is very simple for divisible and private
events without market restrictions. Control represents the proportion of
that event in the actor’s possession. A recent study by Coleman (1990)
shows that the model can be fruitfully used for and adapted to a wide
variety of social phenomena. One of the most important extensions of his
exchange model is its application to indivisible goods in collective decision
making. Even in cases of constitutionally fixed sets of rights and multistage
procedures of decision making (as in the American Constitution), Coleman
states that the system can be modeled in terms of transactions of control
among actors:

The fact that there is generally a stream of collective actions
rather than an isolated action means that individuals might
be given rights which extend over a class of those actions
and allowed to allocate them as they see fit within that

The development and application of the model were facilitated by the availability of a
modern computer technology, object-oriented modeling, where actors are represented
by objects. Like actors in the physical world, they have an internal structure that
enables them to reason and to communicate with other objects.
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class. . . . [Tlhis would constitute a means by which the
constraint of indivisibility of actions would effectively van-
ish: One person would use his resources to gain control of
those collective actions that most interested him, another
would gain control of those collective actions that most in-
terested him, and so on. (Coleman 1990, p. 373)

The extension of Coleman’s model to indivisible goods, however, is
neither simple nor straightforward. First, it requires redefinitions of con-
trol and interest. Control can no longer be defined as the proportion of an
event in the actor’s possession if events are indivisible. Instead, control
is now defined as the actor’s ability to effect an event outcome consistent
with his or her preference. In a similar way, interest is linked to the actor’s
preferences by defining it as the extent to which the well-being of an actor
varies with the outcome of that particular event (Podolny 1990, p. 361).
Second, Weesie (1987) and Coleman (1990, pp. 822-25) show that interest
does not operate in the same way when the interests of actors in an
indivisible event are complementary or opposed. This is the first point for
which it becomes clear that the extension of the model is not straightfor-
ward. In the extension, actors exchange a good (control), the ideal of
which lies for all actors in the same direction, characterized by a non-
decreasing preference function (the more control, the better). In collective
decision making, however, we are dealing with the possibility of opposed
preferences and consequently different effects for exchanges among ac-
tors depending on whether they have interests that are opposed. More-
over, we are often dealing with single-peaked preferences. For example,
when the event concerns a decision on the height of a new public building,
actors will have different preferences on the ideal height, and they will
oppose a building that is either too high or too low. Therefore, we develop
a new model in which opposed and single-peaked preferences are ex-
plicitly dealt with, The exchange of control over events remains the heart
of all of the adaptations of the original Coleman model to collective deci-
sion making. Again, this focal concept is not straightforward in social
systems where rights to control are constitutionally fixed and decision
making is a multistage procedure.?

. That adjustment of a wrong model might have serious consequences can be seen in the
study of Podolny (1990). He — like Marsden (1983) — is primarily interested in the
question of which exchange relations among actors are actually established in a collec-
tive decision-making situation. He investigates whether such exchanges primarily take
place among actors with like interests or opposed interests. In his experiments, he
rewards the simple collection of votes by the participants without differentiating be-
tween pro and con votes and concludes that exchange relations are more likely to occur
among actors with like interests. One may wonder, however, whether any significance
should be given to the collection of like votes and, by implication, why the total number
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The above observations lead us to the position that Coleman’s ex-
change model is not appropriate for decision making on collective goods.
In our opinion, an exchange model is required that takes seriously the
following elements of collective decision making and, by implication, uses
these as cornerstones in the model;

I. Control is fixed and often embedded in a multistage decision-
making procedure. The control of actor i on the outcome of
decision « in such procedures is denoted by his or her voting
power (Vig).

Actors differ in their preferences for outcomes over collective

decision-making issues. At the highest level of abstraction, actors

are assumed to have monotonically increasing utility functions
related to universal goals — like physical well-being and social
approval — but they have different instrumental preferences for

the means that lead to the ultimate goals (Lindenberg 1999,

p. 741). In this perspective, outcomes of collective decision mak-

ing can be perceived as instrumental goals: whereas one outcome

can produce social well-being or social approval for one set of
people, another outcome can be better for others, In other words,
each actor orders outcomes in terms of the contribution the out-
come makes to the actor’s universal goals. These outcomes are
not necessarily dichotomous, but they may well consist of a cer-
tain amount of an outcome (e.g., the size of a budget, the height
of a new building, or, in the example below, car emission rates).

The most preferred position of actor ¢ on decision « is calied his

or her policy position (x§).

3. Actors differ in their interests in decisions. The interest of actor

i in decision ¢ is denoted by the salience of decision ¢ for the
actor i (s:,).
4, Actors ultimately are willing to vote for less preferred policy
positions on less salient issues in exchange for a vote for their
policy position by other actors on more salient decisions. The
final stance of actor [ on decision a is called his or her voting
position (xig).?

L

of collected voles has any relevance, What matters in collective decision making is the
number of voles that have been reversed so as to favor an actor's own preference on
the basis of an exchange.

The reader should be aware that our notation differs from Coleman’s. He used the
symbol v 1o denote the interest of an actor and the symbol ¢ to denote the control of
an actor. The reason for our deviant notation is that the symbol ¢ is used {o denote
dyadic control relations between actors in the Stokman-Van den Bos model, as is
commonly done in social network research, whereas voting powerisa relation between
an actor and an cvent. In the Coleman models with opposed interests, the symbol y is
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In other words, in collective decision making, outcomes of decisions
are instrumental goals for actors, and actors try to maximize their utilities
by searching for outcomes that are as close to their policy position as
possible. If actors have different saliences and policy positions on deci-
sions, they can produce more utility by exchanging voting positions. This
makes sense only when actors have voting power on decisions in which
they are willing to support a position other than their own policy prefer-
ence. This implies that in collective decision making actors do not ex-
change control, but rather exchange voting positions.

The exchange — or logrolling — model is based on pairwise exchanges
between two actors on two decisions. In a larger system of N actors and
M decisions, each actor investigates his or her potential exchanges with
all other actors on any pair of decisions. Subsequently, which potential
exchanges are realized is modeled in such a large system by assuming that
each actor tries to realize his or her best potential exchanges. In order to
model this exchange process, four simplifying assumptions are made. The
first assumption specifies the utility functions of actors on the outcomes.
The second is related to the information actors possess during collective
decision making. The third excludes strategic behavior, and the fourth is
related to the exchange equilibrium the actors aim at. The assumptions
are:

ASSUMPTION 1: SPECIFICATION OF UTILITY FUNCTIONS. On each issue
a, actors have single-peaked preference functions. The expected utility of
actor i on some issue a is a function of the salience of the issue for the
actor, S, and the distance between the outcome of decision a and the
policy position of actor i on decision a. Denoting the expected outcome
of decision a as O,, the expected utility for actor i on decision a is given
by the following linear function:*

EUiOu = =Sia |0a - -xl'{ll- (1)

The total expected utility for actor i over all M issues is assumed to be the
sum of his or her utilities over all issues:

EUO=73,U0,. )

often used to denote the signed interest x. In our model, however, we need an extra
symbol because the voting and policy positions of actors are unrelated to their interests
in events. For that reason x* and x are used to denote respectively the policy and voting
position of an actor and the symbol s to denote his or her salience or interest,
Decisions can have very different ranges, For that reason, all decisions are normalized
between 0 and | by dividing the policy and voting positions of actors through the range.
The expected utility function is therefore defined on the normalized decision. Note
that, except for the risk factor, this function is similar to the expected utility function
of Bueno de Mesquita in chapter 4.
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AssuMPTION 2: FuLL INFORMATION. Policy and voting positions, voting
powers, and the saliences of all actars are assumed to be common knowl-
edge. On the basis of these elements and the decision rules, all actors are
able to compute the expected outcomes of decisions when no exchanges
of voting positions take place.

AssuMPTION 3: No STRATEGIC BEHAVIOR. Strategic behavior of actors
is not allowed. This has two implications:

1. Exchanges of voting positions on two issues a and b between
two actors | and | are restricted to actors with policy positions
on opposite sides of the expected outcomes of both issues:
(xﬁl - Ou)(xjffr - Ou) < OfOI‘ u= a’b‘

2. After the exchange, actors take voting positions in the interval
[xi,xj] for u = a,b.

ASSUMPTION 4: SYMMETRY EQUILIBRIUM AFTER EXCHANGE. When an
actor exchanges voting positions with another actor, she or he accepts no
smaller gain of expected utility than the other actor.

Assumption 1 specifies the same loss function as that in the Bueno de
Mesquita model if we disregard the risk-taking component. The risk-taking
component makes it possible to model all kinds of strategic behavior. Its
elimination from our loss function is justified because we purposely aim
to exclude strategic behavior in our present, first elaboration of the model
in order to investigate the effects of mutually beneficial exchanges be-
tween actors on pairs of decisions. Therefore, assumption 3 restricts the
exchanges to those between two actors on opposite sides of the expected
outcomes. For such pairs of actors, exchange of voting positions on two
decisions is the sole possibility for a joint increase of utility, whereas actors
on the same side have possibilities to increase their utility on only one
decision without having to give something away on another decision (e.g.,
by choosing more extreme voting positions that are advantageous for both
actors). In combination with assumption 3, assumption 2 is not very re-
strictive because incomplete information is primarily relevant for effective
strategic behavior that will not immediately be observed and compensated
for by other actors,

The fourth assumption specifies the symmetric effects that the actors
aim to achieve through the exchange. Although the assumption of equal
expected utility gain for both actors seems intuitively appealing, two ob-
jections can be made.

The first objection is that the assumption seems to imply a comparison
of utilities between actors which is problematic and not allowed. Each
actor does not compare his expected utility gain with that of the other, but
with his perception of the expected utility gain of the other actor. By
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as;gmptipn 2, however, this perception is equal to the actual expected
utmty gain by the second actor. Here, but also later, we see that our model
maximizes expected utilities of actors and not utility itself. It implies,
however, that any extension of the model to include strategic behavior
requires the explicit reformulation of assumption 4 in terms of the percep-
tions of the actors and not in terms of their actual utilities,

The second objection is that this equilibrium is based on intuitive rea-
soning and is not derived from a theory of the underlying micro-process.
If we solely had to deal with the micro-process, a better alternative would
have been available, but that alternative gives too many complications at
the next stage of our model, namely, the selection of the realized ex-
changes from the pool of potential exchanges in a system of N actors and
M decisions. That alternative is the Raiffa~Kalai-Smorodinsky solution
given in bargaining theory (Friedman 1990, pp. 218-23). Reformulated in
the context of our own research problem, actors compare their utility of
the expected outcome without exchange (the so-called status quo sitna-
tion) with the ideal situation, that is, the expected outcome if the other
actor is prepared to vote for his or her policy positions on both issues.
From a number of desirable axioms, an equal percentage of utility gain —
instead of equal utility gain — is derived as the equilibrium after exchange.
This solution is proven to be Pareto optimal for both actors, and it does
not involve intersubjective comparison of utilities. In future extensions of
our model, we aim to investigate the possibility of incorporating this ex-
change rate in our model, but we do not see the possibility to do so now.

In actual practice, the four assumptions are, of course, unrealistic. How
serious this is can be observed when we apply the model to actual decision
making and use our model to predict outcomes of decisions. If the model
results in wrong predictions, we can relax the assumptions to build more
complicated models according to the method of decreasing abstraction
(Bueno de Mesquita 1981; Lindenberg 1990). The simplifying assumptions
are therefore not essential for the chosen approach.

Collective decision making quite often consists not only of taking de-
cisions on a set of prior issues, but also of the inventive creation of new
choices. This is accomplished by splitting issues into a number of choices
so as to provide for optimal compromises across the divergent interests
of actors (Riker 1986). By properly specifying the salience actors attach
to underlying dimensions instead of on the issues as a whole, our exchange
model is able to predict the generation of these new choices.

Voting Power and Outcomes in Multistage Procedures

In general, the outcome of an issue depends on the policy positi.ons of‘the
actors, the decision rules, and the weights of the actors. In this section,
we present a definition of voting power that takes into account both the
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weights of the actors and the decision rules. In the previous section we
dealt with single-peaked, unidimensional decisions. The voting power
measure is based on the assumption that such decisions in the formal
voting procedure are converted to pro and con votes and that actors vote
for the alternative that gives them the highest expected utility. The pro-
posed voting power measure can be aggregated over different phases of a
decision-making procedure. As such, the measure can fully represent the
constitutional arrangements of the collective decision-making process,
even when these are based on a multistage procedure.’ Such a definition
should be independent of more informal ways to influence outcomes of
decisions or of exchanges of voting positions among actors. An appropri-
ate definition of voting power was given by Stokman and Van den Bos
(1992) who develop their concept of voting power precisely to represent
the institutional settings as a separate element in their two-stage model of
the political process.® They define the voting power of an actor as the
proportion of collective decisions that is consistent with the policy position
of the actor over all possible combinations of policy positions of the actors
who participate in the decision process. According to this definition, the
voting power of actors varies from .5 for actors without voting power to
1 for a dictator. For computational reasons, we rescale the voting powers
to the interval from 0 to 1, resulting in a voting power of 0 for all actors
without voting power. Actors with positive voting power are denoted as
public actors.

As an example, let us consider the West German Bundestag after the
1987 general election. The simple majority criterion is 249 votes. As the
German parties are rather homogeneous, we may consider them as

Such an aggregate measure is particularly useful for a global analysis of the decision-
making process. In specific analyses of subprocesses with given policy positions of
actors, prediction of the outcomes of decisions on the actual number of votes of actors
and the specific decision rule might be preferable.

Their definition of voting power relies on the concept of decisional power of Hoede
and his collaborators (Hoede and Bakker 1982; Hoede and Meek 1983; Hoede and
Redfern 1985), Hoede and Bakker (1982) define the decisional power of an actor as the
proportion of collective decisions that is consistent with his or her inclination over all
possible combinations of inclinations of the actors. It depends on the decision rule
(simple majority, qualified majority, or unanimity), the weights of the actors, and the
control relations among the actors by which certain inclinations are converted to other
preferences because of the existing control relations. The voting power of an actor in
the Stokman~Van den Bos model deviates from Hoede and Bakker by modeling the
conversion of certain inclinations via existing control relations to other preferences
separately in the first stage of their model. Their definition of voring power is equivalent
to that of decisional power in Hoede and Bakker when no influence relations among
actors are taken into account. It is comparable to the Shapley-Shubik power index
(Shapley and Shubik 1954).



