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PARAMETERS IN COLLECTIVE DECISION MAKING MODELS:
ESTIMATION AND SENSITIVITY!

Tom A.B. SNIIDERS?Z, Evelien P.H. ZEGGELINK?
Frans N. STOKMAN?2

RESUME — Pasambtres des moddies des processus de formation de décisions collectives

Les modéles de simulation des processus de formation de décisions collectives sont fondés sur des apergus
théorigques el empirigues du processus de décision mais contiennent des paramétres dont ley valeurs sont
détermindes ad hoc. Certains de ces paraméires, du modele d'accés dynamigue sont discutés et il est proposé de
compléter {a fonciion d'utilitd par un terme aléatoire dont la variance serait un paramétre inconnu. Ces
paramétres peuvent éire estimés en confrontant aux données les prévisions du modéle qui peuvent étre des
décisions mais aussi des structures relationnelles générées comme un diément du processus de prise de décision.
Etant donné la nature stochastigue du modéle, 'estimation de ces paraméires peut éire obtenue par
I'algorithme de Robins Monro, Cer ajusiement n’esi pas absolument direct. I faur choisir les statistiques sur
lesquelles se fonde Uestimation des paramétres. Il n'esi pas certain a priori que I'équation d’estimation admette
une solution er gue algorithme de Robins Monro converge. La méthode est illusirée par des données
concernant la restructuration financiére d'une grande spcidté.

SUMMARY - Simudation madels for collective decision making are based on theoretical and empirical
insight in the decision making process, bur sull contain a number of parameters of which the values are
determined ad hoc. For the dynamic geeess model, some of such parameters are discussed, and it is propesed fo
extend the utility functions with a random term of which the varignce also is an unknown parameter. These
parameters can be estimated by fitting model predictions 1o data, where the predictions can refer to decision
outcomes but also 1o network structure generated as a part of the decision moking process. Given the stochastic
nature of the model, this parameter estimation can be carried out with the Robbins Monro process. Such fitting
is not completely siraighiforward: statistics must be chosen on which to base the parameter estimation, it is not
certain a prion that there will be a solution to the estimating equation and that the Robbins Monro process will
converge. The method is illustrated with dara from the financial restructuring of a large company,

1. INTRODUCTION

In recent years, several formal models have been developed for collective decision making.
The primary aim of these models has been to yield predictions for the decision made. Early
models were developed by Coleman (1972) and Laumann & Knoke (1987). Building on their
approaches, the idea was claborated that the actors who participate in decision making
processes should be regarded as members of policy nesvorks. The policy network idea was
incorporated in the Two Stage Model (28 model, Stokman & Van Den Bos, 1992; Stokman,
1994; the model also is explained in Degenne & Forsé, 1994) and the Dynamic Access Model

! We thank Mikko Mattila ang the NETMET group for their comments on carlier versions.
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(DA model, Stokman & Zeggelink, 1996). The last-mentioned model is the focus of this
paper, and it is explained below.

The evaluation of these decision making models has focused up to now on the correctness of
the predicted decision ouicome. The DA model, however, pretends not only to give a
reasonably trustworthy prediction of the decision, but also to model the relation forming
process associated with the decision making. From this point of view, it becomes important to
consider the details of the specification of the decision-making models. These models can be
reparded as translations of political insights into mathematical formulae. Diverse insights
correspond to alternative formulae and to alternative values of the crucial parameters in the
formulae. However, there always remain a number of parameters of which the specification is
not dictated by available political insights and theory. In the past, values for these parameters
have been determined ad Aoc, often by trial and error. In this paper we consider the sensitivity
of the madels for the values of these parameters, and a method for estimating these values so
that certain results of the model (e.g., network characteristics) correspond optimally to the
empirical observations. Such an estimation method was proposed for the case of one
parameter in Snijders, Stokman & Zeggelink (1996). The present paper elaborates the
simudtancous estimation of several parameters for dynamic simulation models. The estimation
method was proposed for other network models in Snijders (1996), and can also be used for
other computer simulation models. In this way, the collective deciston making models obtain
a second aim: to predict and explain the influence network that is generated by the decision
making process.

The starting point for each decision making model is that one or more policy issues are given,
on each of which a decision has to be taken. The 25 model can be applied to one or more
issues; if several issucs are treated, the 25 model is applied to these independently. In this
model, it is assumed that each actor has a given policy position on each issue, and that he
prefers the decision to be as close as possible to this position. The safience of the issue
indicates how important this issue is to him. The power of each actor is distinguished in three
elements: his resources, his access to other actors, and his decision or voting power. The
decision process is modeled as a process with two stages. In the first stage (influence srage),
actors iry to convince other actors and influence their policy positions. Whether this is
possible depends on the access between the actors; the success of an influence attempt
depends, a.o., on the actors’ resources and on the salience of the issue for the actors. This
stage can be iterated. In the second stage, the decision stage, the actors with voting power
take the decision, voting according to the policy positions obtained during the first stage. The
decision taken depends on the voting rule; e.g., it can be the weighted mean of the final policy
positions, weights being proportional to voting power.

To apply the 25 model, it is necessary to have empirical data on the following elements:
policy positions, saliences, and voting power of actors on each issue; the resources of the
actors; and the access network. The 2S model has been tested extensively. Its explanatory
power has been investigated by predicting decision outcomes and comparing these to the real
decisions. Predictions have been made on a local level (Berveling & Roozendaal, 1992;
Berveling, 19943}, on a national level (Schonewille, 1990; Stokman & Van Den Bos, 1992;
Stokman, 1994; Berveling, 1994b) and on the European level (Van Den Bos, 1991).

When applied to decision making about several issues, the 28 model treats the issues
independently. It was extended to models for jointly taking decisions on several issues, where
"give and take” and mutnal influence processes operate between the actors. Such models are
the Exchange model (Stokman & Van Oosten, 1994; not treated here) and the Dynamic
Access model.
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The access network is regarded as fixed in the 28 model. In the DA model, on the other hand,
account is taken of the fact that actors actively shape their networks, trying to increase their
influence on other actors. Stokman & Zeggelink (1996) developed dynamic simulation
models in which actors can establish as well as terminate influence relations. Actors base
their influence activities on the limited information and limited foresight they have about the
consequences of their actions. Stokman & Zeggelink specified two alternative basic models,
each corresponding to a known view on the political process. In the Control Maximization
(CM) model, actors simply iry to create relations with the most powerful actors in the
network. In the Policy Maximization model, actors are more sophisticated and make a rough
estimate about the effects of their possible relations on the expected decision outcomes. The
present article presents only the Policy Maximization version of the Dynamic Access model.
This version appeared the most promising in Stokman & Zeggelink (1996) and Stokman &
Berveling (1996).

The structure of the paper is the following. First a basic description is given of the decision
making process with respect to the restructuring of the AVEBE company; this case is used as
an example to illustrate the proposed methods. Subsequently the DA model is specified in its
Policy Maximization version. In Section 4, some alternative specifications are mentioned.
These specifications contain parameters of which the value is not dictated by political insights
but should be made on empirical grounds. The addition of some random elements is
imporiant in one of these aliernative specifications. The Robbins Monro process can be
utilized in an algorithm for estimating the unknown parameters; this is explained in Section 5.
Finally the application to the AVEBE compaay is claborated, and conclusions are drawn
about the parameter estimation method and the decision making process.

2, EXAMPLE: THE AVERE

We illustrate the Dynamic Access model with a small empirical example, namely the
Jinancial restructuring of a large Duich company (AVEBE). The explanation of this decision
making problem is taken from Stokman & Zeggelink (1996). The issue domain consists of
eighteen actors and three decisions. The AVEBE is a cooperative company of farmers in the
northern part of the Netherlands that produces potato derivatives. The company, already in
financial problems since the mid-Sixties, got serious financial problems in the mid-Eighties.
Its survival was of very high importance for the northern part of the Netherlands. Not only did
it employ a large number of people, but its financial bankruptcy would have serious financial
consequences for the {farmcrs because of their unlimited liability in the cooperative firm.
Three main issues were at stake. The company's own capital was almost completely lost and
had to be restored. Moreover, its survival required a considerable rcduction of its debt.
Finally, the company was seriously polluting the environment and high investments had to be
made 1o adapt the peliution to the more stringent norms of the Dutch government. In January
1986, the company asked the Dutch government for an interest-free and redemption-free loan
1o reduce its debt by Dil 200 million. Morcover, it asked for a financial arrangement for
environmental investments of Df]1 8) million. These matters were delegated to an Advisory
Committee for Financial Restructuring, called (after its chairman) the Committee
Goudswaard. In actual practice, this Committee had the ultimate power to decide on the
matter. The Committee came with its advice in the Summer of 1986,

I our model, the Committee Goudswaard was given full voting power as it was de facto the
final decision making body. The other data were obtaired by interviewing two experts. These
data concern the actors with their resources and mutual access relations, and the policy
positions and saliences of the actors regarding the three issues. The two experts generated the
same list of actors with only one exception. They agreed to a very large extent on all variables



to be used in our models. We therefore use the mean values of the two experts on the
variables {see Tables 1 and 2). Clear differences in reports were obtained only in the access
networks., As the specific knowledge of the two experis was complementary (one had
expertise at the national, the other at the regional level), their access data were combined.
This means that we assume an access relation between two actors to exist in the empirical
network if at least one of the experts reported such a relation,

3. SPECIFICATION OF THE DYNAMIC ACCESS MODEL

From Stokman & Zeggelink (1996) we repeat the basic definitions for the DA model. Further
background motivations are to be found in the mentioned paper.

Starting point of the model is an issue domain consisting of asetof nactors (i, j, k=1, ..., n}
and a set of m issues or decisions (f, g = I, ..., m}. The decision process is time dependent,
with discrete time parameter (# = 1, 2, ..., T). The final decision is taken at time T. (Time-
dependence of variables always is indicated explicitly by the index ¢.) It is assumed that
decisions are made according 10 a given proceduore characierized by the actors’ voting powers,
the voting power of actor { on issue f is denoted vyr. If vyr> 0 for some f, actor § iscalled a
public actor. In most cases there are only few such actors. All other actors are called private
actors (although they may be public actors in other meanings of this term). Voting powers are
normalized in the sense that for each issue f,

vir2 0, i vir= 1.
=l

The possible decisions on each issue are assumed to be one-dimensional, ie., they are
characterized by real numbers, The most extreme possibilities are represented by the numbers
0 and 1. Actors have preferences regarding the outcomes of the decisions. The preferred
outcome of a decision for an actor is called his policy position, and is a number between O

and 1. The initial policy positions of the actors, x,7 ., are supposed to be given. Actors
influcnce each other during the decision making process, so that their preferred policy

positions are time-dependent, denoted by x;j. The final decision yr on each issue is supposed
{0 be the weighted mean of the final policy positions of the actors:

n .
Y= 2 vipxg (O

i=}

This also is a number between Q0 and |,

Influence activities of the actors spring from the utility they attach to the various possible
outcomes. On each issue f, actors have a single-peaked utility function, depending on the

distance between the hypothetical outcome yr and the actor’s policy position x;} In order to
obtain comparability of the utilitics for different issues, the model also includes salience
parameters sjr that indicate how important issue fis 1o actor i. These are not time-dependent.
Saliences for each actor are restricted by

S,;(?O. E S@fﬁi .
f=1

{The total salience for an actor may be less than 1, becausc his main interests may be outside
the issue domain under consideration.) In this article, the utility function is assumed to be
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U "= - sip L xp-xe b

The 1otal utility over all m issues for actor 7 is assumed to be the sum of his utilities over all
issues (cf. Baron, 1991):

Uj' (x) m% Ui (xp. (2)

The last two formulae are not used directly in the model, but indirectly via the expected
utilities defined below in Section 3.1,

The actors base their influence requests on the expected outcomes of the decisions, Access
relations are assumed to be established when one actor makes an access request, and this
request then is accepted by the other actor. It is assumed that actors are aware about the
current policy positions of all actors, and at time ¢ (1 €1 < 7) the expected outcome for issue
f. in accordance with (1), is given by

y=3 v ®

Actors have different capabilities to influence each other in the stage before the final vote.
One element of this capability consists of the actor's access to other important actors and the
resources he can mobilize in these relations. The resources actor § can mobilize in the
influence stage are denoted i (0 <r; < 1), Resources can include, e.g., information and funds.
Resources often result from long term investments, and therefore are not seen as time-
dependent. Access relations, however, are time dependent in our models. They are
purposively changed by the actors in the course of the decision process in order o exert
influence. How this is done will be explained below. The access network is defined by the

matrix A’ with elements ¢, with value I if actor i has access 1o j at timet, and 0

otherwise. It is assumed that actor § has full access to himsell (af = 1). The access network
is not necessarily symmetric. The access network is assumed to be issue-independent. In
practice this means that the issue domain must be sufficiently homogeneous.

The effect of cstablished influence relations depends on the salience of the issue for the
influencing actor as well as on his potensial control (or potential influence) over the target
actor. It is assumed that the potential control of actor / over actor j depends on the relative
size of i's resources, compared to the resources of others who have access to j:

ol
t Ty ay

o = )

i n p
2 Tk ag
k=1

It is assumed that within each time period, influence requests are made simultaneously. Each
actor's policy position is the weighted mean of the positions of those influencing him
(including the actor himseif), where the weights are the product of the potential control
coefficients and the saliences for the influenacing actors:

5 xf il sif
+ f=1
it =B ®)

bt

il

i=1
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Actors, issues, voting power, initial policy positions, saliences, and resources are exogenous
elements in our models. Voting power usually is determined by investigation of the formal
decision making procedures. The other elements are usually obtained either by interviewing
experts or representatives of the actors involved in the issue domain. For this purpose special
interviewing technigues have been developed (see Bueno de Mesquita and Stokman, 1994).

Access relations among actors are generaied as endogenous clemenis in the model. In the
present versions of the models, the actors start from scratch when requesting access relations.
This article assumes that no access relations exist at 1 = 0, but an interesting extension would
be to consider certain institutionalized access relations as being given at ¢ = (. Establishment
and shifts of access relations and their consequences for outcomes of decisions are the main
focal points in the DA model.

3.1. Decisions about access requests

In the influence stage, the actors try 1o realize a more favorable decision outcome by getting
access 10 other actors and thereby shifting, directly and indirectly, the policy positions of
public actors, Qualitatively, the process can be sketched as follows; a more precise
description is given below.

The influence stage consists of consecutive rounds (or iterations, or time periods). In
each round, some access relations may be established. Each round consists of three steps. In
the first step, actors make those access requests that would have the highest utility if accepted
and that arc most likely 1o be accepted. Since access requests and access relations require time
and resources, actors are able to make only a limited number of access requests to other
actors, In the next step, actors evaluate the access requests they received. If the number of
requests is larger than they can handle, they accept only some of them. We assume that actors
learn through experience. Successes or failures of previous access requests are used to adapt
their estimate of the likelihood of acceptance of new requests. The third step is that actors
shift their policy positions according to formula (5).

Limiwations are set to the number of access requests made, and the number of access
requests accepted. Stokman & Zeggelink (1996) gave three considerations that set limits to
these numbers: attempted influence requests and established infiuence should be in balance;
influence attempted as well as accepted increases with resources; and public actors must
accept more influence when their voting power is higher. To express the last effect, relative
voring power is defined as

Vip = et
if maxjvjf‘

The upper bound to the number of access requests made in time period 7+ depends on the
resources and the number of established relations in the previous round. For actor §, the sum

of already established outgoing relations and the number of new access requests may not be
higher than

al (max) = {0.5nr;+0.5ak]. )

Each actor is required to accept a given number of access reguests, if this number of requests
is made;

alt! (norm) = [0.25 nri + 0.25 Ve + 0.5 ] . 7
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In these formulae, [x] denotes x rounded to the nearest integer. In the applications
considered, voting power is not issuc-dependent, so the required number (7) does not depend
on the issue f (in spite of the f occurring as a subscript).

Of several models for the decisions about which access requests are made, the Policy
Maximization Model turned out in Stokman & Zeggelink (1996) to give the closest
correspondence between predicted and observed decision outcomes. In this specification,

actors use their knowledge on others’ policy positions and the expected ouicome y; of the
deciston. Due to limitations on the information available to actors and on their capability for
predicting the effects of their influence requests, the access part of the model is based on
heuristic rules followed by the actors rather than on the assumption that they carry out a
fullblown utility maximization. The set of access relations is reconstituted in each round, i.e.,
access relations that exist in round ¢ are not automatically renewed in round 141,

Inround r+1, the access relations established in the previous round, given by those (i,j) for
which af =1, have a priority but not an absolute one. Denote by A} the set of actors j for
which af=1. This sethas 4 clements, In the first step of round 47, access requests are
made. If the current out-degree @ is equal to (6) (case A), then actor { does not propose
any changes, and makes requests to the actors in A{ If g is less than (6) (case B), requests
will be made to all actors in A,f and to some additional actors; if it is more than {6) (case C;
this is very rare}, requests will be made to a subset of A} In cases B and C, actor i makes

requests to those actors outside {for case B) or within (case C) A{, from access requests 1o
whom he expects the highest utility. The expected vtility is given by formula (9) below, and
explained as follows.

It 15 assumed that actor § evaluates the direct effect of a succesful access request from i toj
on Jj's policy position as sy (xi7- ¥p (7~ X This is positive if moving x;j into the
dircction of x;; would also move yf into the direction of x;}, and negative otherwise. The

effect on the final decision also depends on j's total control ¢;f and his voting power vj.

These effects are combined in the factor (¢l + wy). Further, the perceived utility of the

access request is weighted by the control ¢ of 7 over j. Together, this leads to the
perceived utility given by

PU{ (uj) = ¢ ;i sip ey + v Of - ) G- xp) (8a)
]

‘There is one exception to this formula, namely for actors whose policy position is equal to the
expected outcome on all issues. If this exception were not made, such actors would not make
any access requests at all. It is assumed that these actors wish to obtain support for the
decision by obtaining access to exireme aciors, hoping to moderate their preferences. This is
realized by the modification

PU gy =c} X sylcf +vp Lo - xid i xf=y7. (8b)
=1

The expected utility of an access request, pj} is the product of the perceived utility and the

perceived likelihood of success. Actor § estimates the likelihood of acceptance of an access
request by actor j attime r= 0 as foliows:
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py =max {0.1[10(1 "?nL ﬁ Voix? - xf1)], 017 .
=1

Note that possible values of this formula are 0.1, 0.2, ..., 1.0. Further it is assumed that actors
learn through experience. If an access request of actor { to actor j is not accepted by actor j,

actor { will reduce p} in the next iteration step by 0.1 until pj} reaches its lower bound of

0.1. In all other cases, pf =pf! for 1>0.
As a conclusion of these considerations, the expected utility of an access request is perceived
by actor { tobe

EU{ (ay) = p;} PU{ (ap) . (%)

The rule for accepting access requests is simpler. At iteration step r+/, if the number of new
requests plus the number of incoming relations at time ¢ is less than the norm (7}, all
incoming requests are accepted. If this sum is higher than (7), the actor accepts the requests
made by those whose policy positions are closest to his own. The various issues are combined
by the function

i

E .S‘g'(i - 1.1';]'—.1‘1{% ) . (10)

-

Actor i accepts the new access requests made with the highest values on this function, up to
the number of new requests that he has to accept, a’%! (norm) - a); .

Both in making and in accepting access requests it is possible that there occur ties in the
values (9) and (1) that determine which requests are made and accepted. If ties occur, a
random selcetion is made among the tied values. This gives a small degree of randomness to
the model.

4. ALTERNATIVE MODEL SPECIFICATIONS

The DA model as presented in Section 3 is based on political insights and theory, but also
contains elements that are based on ad hoc choices. This article considers the following
alternative specifications:

i.  The coefficients in the bounds (6) and (7) are aliowed to vary,
i. A further random clement is included in the models for making and accepting access
FeGuests.

These specifications introduce additional parameters in the model that are a priori unknown
and have to be estimated from data about the final outcome and of intermediate outcomes of
the decision making process. The most relevant intermediate outcome is the access network

that has formed at the end of the process. The unknown parameters are denoted by 6),.

In Snijders, Stokman and Zeggelink (1996), extension (i) was claborated, allowing only of a

one-dimensional parameter 8. Parameters are included in (6) and (7) because the values of
the coefficients in these bounds were determined in Stokman & Zeggelink (1996) in a rather
arbitrary way. The present article allows several unknown parameters, but it is not advisable
to make their number too large. This would lead to imprecise parameter estimates and 1o a
nsk of overhitting (i.e., of finding parameter estimates that reflect unimportant peculiarities in
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the data rather than the structure of the decision making process). In view of this restraint, one
parameter is included in each of formulae (6) and (7). The following bounds are considerad:

aly! (max) = (8 (nri + a D], (1

a it (norm) =8, (0.5 nr; + 0.5V jp+ai})] . (12)

Of course, every actor can make and accept no more than n-J access requests. Therefore, if
the right hand sides of (11) and (12) are greater than or equal to n-1, further increase of 8; or
8: will not lead to any real changes in the specified model,

Extension (ii) is based on the idea that formulae (9) and (10) capture only incompletely the
determinants of the access process. Other, unknown factors can also play a role. These other
factors can be represented as random terms added to (9) and (10), respectively. This leads to a
model in the spirit of random wility models, cf. Maddala (1983, chapter 3). Of course, (9) and
(10} are not utilities in a strict sense, but they do guide actors’ behavior at intermediate steps
in the decision making process and therefore may be viewed as "intermediate utilities”. Those
access requests are made which have the highest positive values of

pi PU (ag) + Vi, (13)

up o the maximum given by (6) or (11). Here VI-} arc random disturbances. Further, those
access requests are accepied which have the highest peositive values of

S syl Ixg- i ) + Wi (14)
=1

up to the maximum given by (7) or (12), The W,-} also are random disturbances. If the
disturbance tcrms have probability distributions that can assume arbitrarily large values, the
effect of adding the disturbance term is that any of the access requests could be chosen, but
the probability of choosing them is an increasing function of the value in (9) or (10},
respectively. Tt will be assumed that the random terms V,j- for different ,j, and 1, are
independent and wdentically distributed with an expected value of 0. The same is assumed for
the W,-}_ I{ the variance of V,f,‘ ,or of W,-;- is large compared (o the variability of (9) or (10),
then there are important elements in the access process not capiured in (9) or (10),
respectively. The preeise form of the distribution of V,} and W,-j will not have very great
consequences for the modeling resuits. One possibility is to assume normal distributions with
means {) and variances 83 for V;} and 8¢ for W;. Values 83 = 85 =0 yield the original
model with access requests made and accepted according to (9) and (10). Very high values for
83 and 84 mean, respectively, that making access requests, or accepting them, happens at
random.

4.1, THE GENERATED ACCESS NETWORK

In each iteration step ¢ from 7 to T, a new access network is generated. There are several
possibilities {or defining the total network generated by the process (the stochastic "predicted”

network). One possibility is to tuke the last ::1,-,-:::1,-}r . Another possibility is to take the



union of all step-dependent networks: aj; = max, ag . This can be interpreted in the following
way. Contacts are being established during each step in the decision making process because
actors try to influence each other, and a number of these access requests are accepted. Each
time that an access request is succesfully made, this contributes to the relation between the
two actors involved. However, in order to obtain correspondence with earlier applications of
the DA model to the AVEBE data, this paper follows the first possibility.

The data collection may be formulated in such a way that the observed network is necessarily
symmetric, i.e., ajj= a; .This was also the case for the AVEBE data, This can be reflected in

the model by symmetrizing the predicted network. Therefore, the final matrix generated by
the dynamic process is defined here as  a;; = max {a,-} . aj?"}. it should be noted that this
symmetrization does not play a role in the modeled influence process.

5. PARAMETER ESTIMATION

The extension of the Dynamic Access model preseated above has four unknown parameters.

The original specification of the DA model corresponds to 8y = 8, + 0.5, 83 =84, =0. These
parameters can be estimated {rom available data; if the data is not informative enough, some
of the parameters couid be given fixed values while the others are estimated. In this article we
treat moment estimarion, based on a set of selecred statistics. The idea is that if & parameters
are 1o be estimated the researcher selects & statistics observed for the decision process. These
can he outcomes on one or more issues as well as characteristics of the access network that
has been formed during the decision making process. If several decision making processes
have heen observed that are so similar that it rnay be assumed that they are governed by the
same parameters (note that this is indeed assumed by the original DA model), then the
statistics can be averaged over the various decision making processes. The parameters
are estimated so that a good {it between prediction and observations is obtained with respect
to these statistics. More specifically, indicate the statistics by 2y to Z;, with observed
values z; 10 zx. The distibution of the vector Z=(Z,, ..., Z;} depends on the parameter

8=(8,,.. 8. Thechoice of the vector of statistics Z will be discussed below.

One of the basic methods for constructing statistical estimators is the method of moments

(see, e.g., Bowman & Shenton, 1985). The moment estimate for 8 is the value of & that
solves the equation

Eg Z); =2Ii Ut = 1,....k) . (15)

This estimated value is denoted 6. Under the assumption that the specified model correctly
describes the deciston making process, an approximate expression for the covariance matrix

of 8 can be derived using the delta method (see, e.g., Bishop, Fienberg & Holland, 1973,
section 14.6) together with the implicit function theorem. The result is

Covi8)= (D, ) Za Dy (16)

where
Zg=Covg(Z) .

ng—a— Egz=(aEaZ;/aaj)fj .
a8
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5.1. Robbins-Monro process

The problem with this moment estimator is that EgZ cannot be calculated in a
straightforward way, because Zj, is the stochastic result of a stmulation model. However, the
Robbins-Monro method (1951) (for an introduction see, e.g., Duflo, 1990 or Ruppert, 1991),
or variants of it, can be used to compute approximations to the moment estimates in
arbitrary precision. This was proposed for other dynamic network models by Snijders
(1996). To explain the Robbins-Monro method, first consider the case where no stochastic

element is involved. If our simulation model were a deterministic one, we could write Z(8)
for the value of Z for a given parameter value 8, and we would have to solve the equation
Z/8) = z. This could be done by the well-known Newton-Raphson method, starting at a
suitable starting value 8(1) and with iteration step

g+l = g™ _ 1 D8t (Z(8WVy - )

where ID{8) = dZ(8)/ 08 . In the Robbins-Monro method, the exact value Z(8 (V) s
replaced by a random variable Zaf8 (V) which has the distribution of Z for parameter

value & = 8N, The randomness is dealt with by a factor I/N in the iteration step. The
iteration step is defined as

g+ - gV 7\};? DN-I (Zy (B{N)) -z}, (17

The matrix Dy is a suitable matrix. The optimal choice is Dy = D(8 (¥), It is discussed
below how Dy can be chosen in practice,

As a good approximation for the moment estimate, one can use 8™ for a value of N when
convergence may be assumed. Because of the random nature of the Robbins-Monro process,
a more efficient approximation is the average of &M 1o 8(V). supposing that the iteration

process has been "circling around” the true value from at least the M'th step onwards, for a
sufficienty large value of N - M.

5.2. Sclection of statistics

For the efficiency of the moment estimator and good convergence properties of the Robbins-
Monro process it is important that statistics Z; (h =1, ..., &} be chosen that carry information
about the parameters 8, (h = 1, ..., k). With an incorrect choice of the statistics, it is possible
that the moment equation (15} does not even have a solution, Sufficient statistics as defined in
mathematical statistics are impossible to find in this model. Even proving, e.g., that EgZy is
an increasing function of one of the parameters 8, when the other parameters have fixed

values, will often be next to impossible. The selection of statistics must be made in a heuristic
manner.

In this article we do not use the decision outcomes for estimating, but only the structure of the
generated access network. Two global network characteristics stand out as candidates: the
density,

n

2 ;s

J=1

e

da= 0Ty
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and the variances of the in- and the out-degrees (cf. Snijders, 1981),

3 (@si - (n-1) da)?

i=

VA.in =

:S{v--*

Vaou=1 z (iv - (1-1) da)?

(Note that the definition of the density implies that the mean in-degree as well as out-degree
is given by (n-1)ds). However, other statistics can be used that may be closer to the roles of
the parameters 8, in the model. Formulae (11) and (12) indicate that parameters 8, and 8,
moderate the degree to which resources r; and voting power v; set limits on influence
obtained and influence accepted. This suggests that the following covariances, or the
corresponding comrelation coefficients, based on the components of (11) and (12), can be used
as statistics for estimation:

Clawr) =L 3 rfaic - (1) d);

=}

Clan) =3 3 rasi- (1) d);

Claiwy =1 3 vias - -1 d) .

i

et

{The voting power here is assumed to be issue-independent).

With respect to 84 and 8 , the amount of "randomness” in the access network is important;
this notion of randomness refers to not being determined by the "input variables” consisting
of resources r, voting power v, salicnces s, and inidal policy positions x9. Except for the
density, all mentioned statistics reflect this randomness in some measure: the degree
variances and the various covariances all may be expected to become lower when the amount
of randomness in the system (measured by 83 and 8;) increases. Other statistics that may
be viewed as reflecting randomness are the degree covariance (in view of the third term in

(12)),
Clainas) =+ _E (@is - (-1} dp) (@4i - (n-1) da);
the graph autocovariance between the access network and the inital policy positions,
measured by a Geary-type statistic (cf. Sprenger and Stokmar, 1989, chapter 18),
Fijs 2.
53 ai (50 - )%
=1 f=l

and the degree 1o which the powerful actors get what they want, measured by the inner
product between resources and utilities,

3 U,
f=1

The available network data for the AVEBE access network are symmetric. The networks
predicted by the simulation model are therefore symmetrized, as described in Section 4.1.
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This implies that in-degrees are identical to out-degrees and that some of the statistics
mentioned above coincide. Further, only one actor has voting power, namely, the Commitice
Goudswaard. The covariance between degrees and voting power therefore is of limited value,
and it will not be used in the analysis presented below. We explore the use of the following
three statistics for parameter estimation: the density d, , the degree variance V, , and the
covariance between degrees and resources, Cla;..r).

In Section 6.1 we will explain that preliminary simulations suggested, however, that
these statistics are rot directly appropriate. Since the set of possible values f{or the degree
variance V4 is highly related to the density d,, and since the covariance between degrees
and resources Clag,.r} on its turn depends on the degree variance V, , normalized versions
of these statistics secem better candidates, Instead of the degree variance Vi , We use

Vi - EVd,), where EV(dy) is the expected value of the degree variance in a random graph
with # vertices and density ds . Snijders (1981) shows how this value can be computed.

Similarly, we use the correlation r(a,r) between degrees and resources instead of its
corresponding covariance,

3.3. Practical implementation of the Robbins Monro algorithm

For the practical use of the Robbins Monro method, a good starting value is important and a

good choice of the matrix Dy is crucial. The derivative matrix D{8) would be the optimal
choice for Dy Since this matrix, however, is unknown, Dy has to be determined adaptively
on the basis of provisional knowledge.

For a preliminary and approximative reconnaissance of the function EgZ, it is advisable to
determine a region of likely values for 8 and define a grid of G-values in this region. For
each &-value in this grid, the simulation model is run once or several times. The outcomes of

the statistics £y arc averaged over the runs for each fixed value of 8. These averages serve
as approximations of EgZ, and yicld a preliminary impression of the behavior of EgZ asa

function of &. Inspection of these resuits can indicate whether indeed a solution to the
moment equations {14} is to be expected within this region of values for 8, and whether EgZ

is a sufficicntly smooth function of 8. Ifit is not a reasonably smooth function, then Z may
be an unsuitable statistic for the method of moments.

The matrix Dy may be chosen as follows. Suppose that the reconnaisance indicated above
resulied in a k--dimensional interval

[8={8) 18< 8, £8,; forall h)

for which it is provisionally assumed that the solution to the moment equations lies in this
interval. Let e; be the A'th unit vecior and define 8, = 8y -85p. Now define the vectors 8

O =(8y9) and 8 =60+ &, ¢, for h=1,... k. Run the simulation model M times for

each of the parameter values 8(W (h = 0, ..., k) and calculate the average outcomes of the
statistics Z; these averages are denoted =% (h = 0, ..., k) . Then for the first steps of the
Robbins Monro algorithm, Dy is chosen as the corresponding matrix of difference quotients
dy; . defined by

2 - (O
dy; = 4—h..

9
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With this value of Dy, a number of steps of the form (17) are taken. When it may be
supposed this has led to a smaller k-dimensional interval of which it may be assumed that it
containg the solution to the moment equations, a new value of Dy can be similarly
determined, and further steps of the form (17) are taken. This process is repeated a number of
times.

Implemented in this way, the Robbins Monro algorithm consists of several series of iteration
steps, each series having the same value for Dy. Convergence must be determined by

monitoring moving averages of the generated values Zy (&N and deciding whether these
are sufficiently close 1o the target (observed) value z.

This descriptior of the implementation is admittedly not very precise. Convergence properties
of adaptive versions of the Robbins Monro algorithm are difficult to give in a way that is
completely satisfying for practical purposes (see, e.g., Pflug, 1988). The implementation still
needs some "trial and error” by the investigator. However, experience has shown that a
practical implementation is indeed possible.

6. PARAMETER ESTIMATION FOR THE AVEBE DATA
In this section, parameters are estimated for several alternative specifications of the DA

model, applied to the AVEBE example. The data were collected by Schonewille (1990), and
are summarized in Tables | and 2. The model was used with 7= 10 iterations.

Actors Resources Voting Power
Executive board AVEBE 0.18 b
Supervisory board AVEBE 0.18 0
Farmers 0.20 0
Farmers workgroep Veenkolonien 0.04 0
Regional trade union 0.04 0
Board of Employees AVEBE 0.06 0
Farmers bank RABO 0.76 0
National Investment bank 0.24 0
Province Groningen 0.10 0
Ministry of Agriculture (.34 0
Ministry of Economic Affairs 0.12 0
Ministry of Finance 0.12 0
Ministry of Environment (.18 0
Second Chamber Cie Agriculture 0.08 0
Second Chamber 0.08 0
Committee Goudswaard 0.60 1
Political Party CDA 1.00 0
Green movement 0.80 0

Table 1. Actors and Resources AVEBE Policy Domain



85

Policy peosition ﬁ Salience
own reduction | investment Own reduction | investment
Actors ﬂ capital® gebt® | eavironm? Il capita debt | environm,

Executive Board AVEBE | 30 200 7125 036 038 0.25
Supervisory Board 30 200 71.25 n 0.36 038 0.24
AVEBE

Farmers 10 300 375 || 04 0.40 032
iﬂi;:}‘i’ggm” 2 700 75 0.32 036 0.12
Regional Trade Union 40 200 75 (.32 0.36 0.14
Employees AVEBE 27.5 175 36.25 0.36 (.30 0.22
Farmers Bank RABO 35 175 unknown 0.30 0.24 .12
National Investncant Bank as 175 unknown 0.06 0.12 0.12
Province Groningen 20 350 95 0.20 Q.26 030
Ministry of Agriculture 35 150 78.125 '! 0.28 0.26 0.14
f;;‘;j‘:" of Economic 35 150 65.625 0.20 0.18 0.14
Ministry of Finance a5 150 65.625 H 0.20 0.18 Q.14
Ministry of Eavironment 35 150 95 " (.20 (.18 0.24
i‘;‘::igfé‘mm Cic 30 150 56.2 n 0.32 032 | 024
Sccond Chamber 30 150 562 u 032 0.32 0.24
Commitice Goudswanrd 35 150 65.63 n 0.16 0.18 0.12
Poi Pany CDA 40 200 75 u 0.6 0.20 0.12
Green Movement nil nil 110 0.32 0 (.40

A Percentage of whote capital

D Mittion Dt

Table 2. Policy positions and Saliences in AVEBE Policy Domain

The empirical values of the three statistics are

dy=0.50, Vy - EV{dy) =66, and r{a;,, r) =0.00.

The simulated values of these statistics in the standard DA model {corresponding to
81 =86;, =05, 8;=84=0) arc

da=021, V4~ EV(dy}=10.1, and rfa;., r} = 0.50.

This shows the standard DA model generates access networks that are less dense than the
observed network, and much more centralized in the sense that the relations are
predominantly with the actors who have voting power and/or many resources, The
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expected values of these statistics, which cccur in the moment equation (15), are denoted
Epda, Eg{Va - EV(dy)), and Egr(a;, r). First the estimation of 8; and 8, is discussed, and
next the estimation of &3 and 85 .

6.1. Bounds for making and accepting access requests

The first alternative model contains parameters 8) and &; that play a role in the upper
bounds (11) and (12} to, respectively, the number of access requests made and accepted.

We mentioned in Section 5.2 that our initial choice of statistics was inappropriate. For
illustrative purposes we show now how we came to this conclusion, and why we decided to
take pormalized versions of the statistics. To explore the possibilities of estimating the
parameters 8; and 8, , each combination of two out of the three initial statistics dy , V4,
and C(a;,, r) was considered as a possible basis for the moment estimators. The original DA
model has 8; = 8, = 0.5. Plausible values for these parameters are considered 1o be values
between (1.5 and 1.5. First a rough investigation was made of the dependence on 8 of the

expected values of the three statistics. A grid of values of (8, 82) was considered with step
sizes 0.1 in the square with boundary values 0.5 and 1.5. For these parameter values the

model was run once, and the statistics were calculated. It turned out that for values of 8
where the simulated density is less than 0.8, the simulated degree variance and degree
resource covariance are much too large, while the latier two mcan values quickly drop to 0
when the simulated density approaches 1. This implies that it is doubtful whether a solution to
the moment equations exists at all for these statistics, and if it exists it might lie in a region of
8 values where the derivative matrix D(8) has large and fast changing elements. Such an

instability of the matrix D(8) is inauspicious for the Robbins Monro algorithm. Indeed it
appears that the algorithm does not converge when it is based on any two out of these three
siatistics,

These numerical problems, however, hide conceptual and statistical problems. The degree
variance and degree-resource covariance are strongly related to the density, E.g., they tend to
0 when the density approaches 0 or . It scems conceptuaily preferable to transform the
statistics so that they are not so strongly related. This was done for the degree variance by
subtracting the expected value for a random graph with the given density, and for the degree-
resources covariance by using instead the correlation. In both cases this is only one of the
possibic transformations, and other transformations will have 1o be studied in future research.

Accordingly, we now consider dy, V4 - EV(dy), and r(a;,., r). Tustll appears impossible to
obtain convergence when da and V4 - EV(dy) are used as the pair of statistics. For very
small or very high values of Egdy, Eg (Va - EV(d4)) gets close to the empirical value 6.6 of

Va - EV(ds), but this statistic is much too large when dy approaches its empirical value of

0.30. Apparently, even when playing around with the parameter values of 8, and &, inthe
restrictions (11) and (12}, the whole model is such that the simulated network, when it has a
density close te (.50, still is much more centralized than the empirical one.

We do obtain results close 1o convergence, however, for the two other combinations of the
statistics. With 8 =1 and & =0.5, we obtain:

Eg dy =0.17, Eg (V4 - EXdy)) =6.1, and Eg r(a;,. r) =0.12,
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This is about as close as we can get to the empirical values of V4 - EV(d;)=06.6 and
rlaiy, r) = 0.09. It is especially difficult to obtain small values of the correlation between
degrees and resources. The expected density with these parameter values is far below the
observed density.

With 8; =2 and & =0.7, we obtain
Egdy =0.50, Eg(Vy - EMds) = 12.6, and Egr(ay., r)=0.11.

This is also as close as we can get 10 the empirical values of dy=0.50 and r(a,,r)=0.09. 1t
is again difficult to obtain smaller values of the correlation between degrees and resources.
The expected valee of Eg(Vy - EV(dy)) is far above the empirical value.

Preliminary conclusion and interpreration

It is impossibie to obtain the empirical values of degree variance and density simultaneously
given the specification of the restrictions (11) and (12}, even when we allow the parameters

8; and B85 1o vary. For a simulated network with the empirical density value, the simulated
networks are always over-centralized. Qur models produce a 100 strong positive relationship
between voting power, resources, and the number of access relations.

The observed low correlation hetween degrees and resources can be reproduced rather closely
{but not perfectly), combined with the density and also combined with the degree variance but
not with both together. The reason that a better correspondence is not produced, is that our
model assumes that there is an important relationship between degrees and resources, not only
in the restrictions (11) and (12), but implicidy also in the hehavioral rules determined by (8).
This might be improved upon when the assumptions on the behavioral rules are relaxed, and
random disturbances are inchuded in (1) and (12) just as in (13) and (14).

6.2. Randomness in making and accepting access requests

The second alternative model contains parameters 83 and B85 in (13) and (14). These
represent the variances of random disturbances in the perceived utilities of making and
accepling access requests, respectively.

A number of unforeseen problems arise, so that more can he reported about sensitivity than
about cstimation. With the introduction of a random disturbance in making access requests,
the behavior of most actors in the first rounds differs dramatically from that in the standard
DA model. In the latter model, actors do not make access requests te actors if they expect
zero utility from soch a request. Since no actor initially has any control over other actors, the
only actors to which access would have any ulility are those actors with voling power (see
{8)). Since in this example the Committee Goudswaard is the only actor with voting power,
this is the only actor to which actors initially like to have an access relation. This
initial situation is highly influential for the further process of the formation of access
rclations. However, with the addition of a random disturbance to the expecied utility of
an access relation (13), actors expect positive utility of access relations to many more actors
{on average half of the total) than just the Committee Goudswaard. As a result, the
process deviates t0o much from the process of the standard DA model, even for the smallest

valugs of 85 .

The cxpected values Egdy, Eg (Va - EV(dA)) . and Egr(ai., r) increase with the
introduction of a positive 8y . Therefore it is even more difficult to reproduce the small
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observed value of r{a;,. 7). Intuitively, one would first expect lower values of the correlation
between resources and degrees after the introduction of random disturbance in the expected
utility. However, as soon as behavior gets more random, the restrictions (11) and (12)
determine more and more strongly the structure of the resulting simulation network. By
definition, these restrictions entail high correlations between degrees and resources unless the
density is extremely low or extremely high, A similar story holds for the increasing value of
Eg(Va - EVdp)).

With regard to the introduction of a random disturbance term 84 in the determination of
which access requests to accept, in our experience up to now, little happens to the network
parameters. This probably means that restrictions on accepting requests are less important
than restrictions on making requests. Actors whose requests are initially not accepied if

8; = 0, may now initially be accepted, but for 84=0 they might as well have become
accepied in later rounds.

Given these obstacles, it is undersiable that we did not obtain any convergence for the
estimation of the parameters 83 and 8 for any combination of the fitting statistics.

6.3. Conclusion

It appears feasible 1o modify the DA model in such a way that networks are generated that are
more realistic than the extremely centralized networks predictes by the DA model specified
in Stokman & Zeggelink (1996). However, the standard DA model appears to be so rigid, and
especially dominant in its restrictions for requesting access, that it is very difficult to produce
simulated networks that resemble the empirical access network, by the adaptation of
parameters as reported in this paper.

Future research activities shall concenirate on the relaxation of the definition of the
restrictions (11) and (12). Morcover, in the determination of the expected utility of access
relations to other actors, the initial dominant effect of voting power should be attenuated.
Finally, more empirical data should be used, in particular, decision situations with more than
one actor with voting power.

The methed of moments combined with the Robbins Monroe algorithm is promising for the
estimation of parameters in extensions of the DA model, but the behavior of the algorithm is
(of course) sensitive to the choice of network statistics for the fitting process. In our initial
attempts, the complicated association between the network density on one hand, and the
degree variance and degree-resource covariance on the other hand, led to non-convergence of
the algorithm, Further investigations about the choice of suitable fitting statistics are
NeCcessary.

BIBLIOGRAPHY

BERVELING, J., ROOZENDAAL, P. van, (1992), "Amsterdam in hoger sferen. De invioed
van organisatics op de bouwhoogie in het centrale deel van de 1J-oevers”, in Jansen, W,
Witenboer, G.L.H. van den (eds.)}, Sociale netwerken en hun invioed, Meppel, Boom.
BERVELING, I., (1994a), Het stempel op de besluitvorming, Mach:, inviced en
besluitvorming op twee Amsterdamse beleidsterreinen, Amsterdam, Thesis Publishers.



BERVELING, 1., (1994b}, Over beeld- en beleidsvorming, Groningen, ICS (ICS Occasional
Papers and Documents Series, nr. 1),

BISHOP, Y.M.M., FIENBERG, S.E., and HOLLAND, P.W., (1975), Discrete Multivariate
Analysis, Cambridge, MA, MIT Press.

BOS, LM.M. van den, (1991), Durch EC Policy Making. A model-guided approach to
coordination and negotiation, Utrecht, Thesis Publishers,

BOWMAN, K.O,, and SHENTON, L.R,, (1985), "Method of moments”, in Encyclopedia of
Statistical Sciences, vol. 5, S. Kotz, N.L. Johnson, and C. B. Read {eds.), New York, Wiley,
467-473.

BUENOQ DE MESQUITA, B., and STOKMAN, F.N,, (eds.) (1994), European Communiry
Decision Making. Models, Comparisons, and Applicarions, New Haven, Yale University
Press.

COLEMAN, James §., (1972) "Systems of social exchange”, Journal of Mathematical
Sociology, 2, 145-163.

DEGENNE, A, FORSE, M., (1994), Les Réseaux Sociaux, Paris, Armand Colin.

DUFLO, M., (1990), Méthodes Récursives Aléatoires, Paris, Masson.

LAUMANN, E.O., KNOKE, D., (1987}, The Organizational State. Social choice in national
policy domains, Madison, The University of Wisconsin Press.

MADDALA, G.S., (1983), Limited-dependent and Qualitative Variables in Econometrics,
Cambridge, Cambridge University Press,

PFLUG, J.Ch., (1988), "Stepsize rules, stopping times and their implementation in stochastic
quasigradient methods”, in Yu. Ermoliev & J. R.-B. Wets (eds.), Numerical Techniques for
Stochastic Optimization, Berlin, Springer, 353-372.

ROBBINS, H., and MONRO, S., (1951}, "A stochastic approximation method", Annals of
Mathematical Statistics, 22, 400 - 407.

RUPPERT, D., (1991), "Stochastic approximation”, in Handbook of Sequential Analysis, eds.
B.K. Gosh and P.K. Sen, New York, Marcel Dekker.

SCHONEWILLE, 1., (1990), Herstelfinanciering van AVEBE, Groningen, Masters's Thesis,
Department of Sociology, University of Groningen.

SNIJDERS, Tom A.B., (1981), “The degree variance: an index of graph heterogeneity",
Social Nerworks, 3, 163-174.

SNIIDERS, Tom A.B., (1996), “Stochastic actor-oriented models for network change.”
Journal of Mathemarical Sociology, 21: 149-172,

SNIIDERS, T.A.B, STOKMAN, F.N,, & ZEGGELINK, E.P.H., (1996), "Parameterschatting
in actor-georiCniecrde besluitvormingsmaodellen”, in H. Ganzeboom & S. Lindenberg (eds.),
Verkiarende Sociologie: Opsiellen voor Reinhard Wippler, Amsterdam, Thesis Publishers,
129-143.

STOKMAN, F.N,, (1994}, "Besluitvormingsmodellen binnen beleidsnetwerken”, in Hubers,
LW.J.C., & Kleinnijenhuis, J. (eds.), Methoden van Invioedsanalyse, Mepel, Boom.
STOKMAN, F.N., BERVELING, 1, "Predicting outcomes of decision making”, in press.
STOKMAN, F.N,, BOS, I.M.M. van den, (1992), "A two-stage model of policy making:
With an empirical test in the U.S. Energy Policy Domain”, in Moore, G., Whitt, J.A. {eds.),
The Political Conseguences of Social Networks. Volume 4 of Research and Society,
Greenwich, Conn.

STOKMAN, F.N., ZEGGELINK, E., (1996), "Is politics power or policy oriented? A
comparative analysis of dynamic access models in policy newworks", Journal of Mathematical
Sociology, 21, 77-111.



