| WOBKSHOP TN POLITICAL THEORY -
AND POLICY ANALYSIS |
S13NORTH PARK -
INDIANA LINIVERSITY.
BLOGMINGTON, INDIANA 47406-3186

Fa s, s ey
¥ . ‘f}“{.f&:%.. .

THE SPATIAL MODEL OF CRISIS BARGAINING: AN EXPERIMENTAL TEST

T. Clifton Morgan
Rick K. Wilson
~ Department of Political Science
Rice University
P.O. Bax 1892
Houston, Texas 77251

Prepared (or delivery at the 1989 Annual Meeting of the International Studies Aséociation,

. London, March 28-April 1, 1989. -



THE SPATIAL MODEL OF CRISIS BARGAINING: AN EXPERIMENTAL TEST

international crises have received an increasing amount of attention in recent years from
students examining the causes of war. In large part this is due to the belief that, since some
crises end peacefully while others result in war, an understanding of the dynamics of crisis
behavior can lead to an understanding of why wars occur (Lebow, 1981). A crisis is often
characterized as "a sequence of interactions between the governments of two or more sovereign
states in severe conflict, short of actual war, but involving the perception of a dangerously high ]
probability of war" (Snyder and Diesing, 1977: 6)' Such a concern has led to a number of
approaches to the study of crises, with many of the more recent studies aiming to develop formal
theories of various aspects of crisis behavior (Snyder and Diesing, 1977; Morgan, 1984; 1986;
forthcoming; Powell, 1987; Brams and Kilgour, 1987; O'Neill, 1987;Leng, 1988). In general,
the purpose of this growing body of literature is to use deductive models in the determination of
the conditions under which crises escalate to war.

Although this research has produced a number of elegant theoretical explanations for crisis
behavior there have been relatively few attempts to test these theories against empirical evidence.
Snyder and Diesing (1977) evaluate a number of case studies to test their theoretical derivations,
but such tests fall short of satisfying any general explanatory claims for their theoretical
arguments. More recently, Leng (1983,1988) has utilized the behavioral Correlates of War data
set to test a number of propositions regarding crisis bargaining and James (1988a,b) has utilized
International Crisis Behavior project data to test hypotheses regarding crises derived from
expected utility theory and a model proposed by Brams and Kilgour (1987). These studies
clearly contribute to our ability to evaluate certain theoretical explanations for crisis behavior;
but, because the conceptual basis of some models is not entirely commensurate with the
operationalizations that guide the coding rules for the data sets, the models that can be tested are
clearly limited.

Researchers wishing to subject formal theories of crisis behavior to systematic tests have
three basic options when existing data bases do not provide variables that completely correspond to
the theoretical concepts. First, they can use existing data while recognizing the limitations and
remaining circumspect about their results. The major drawback of this approach is that one can
never be certain whether the results tell us more about the theory or the inadequacies of the data
(e.g. see Morgan and Ray, 1989). .Second, new data sets can be developed in which variables
corresponding to theoretical concepts are identified and measured. This can involve an enormous
commitment of time and resources and, if the data ere not useful for testing other models and
theories, the payoff may be minimal. Finally, laboratory experiments, using human subjects, can
be designed linking theory and measurement.

Classical experimental design allows for the careful manipulation of treatment conditions,
while current advances in laboratory experimental methods in the social sciences allow the
careful development of operational measures of theoretical concepts. Of course, the principal
drawback of this approach is the problem of external validity—generalizing from subject
- behavior in a highly constrained setting to a more complex natural setting. However, careful

! This definition is not the only one to be found in the literature (e.g., Hermann, 1969; Brecher
and James, 1986) and it is certainly open to question in that it omits a number of factors often
considered to be important (e.g., time pressure). It does capture, in some sense, the "lowest
common denominator" of most definitions of international crisis, however, and it does delimit the
set of cases for which the model outlined here is applicable.
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experimental controls ensure thet strong statements can be made concerning the congruence
"between theory and experiment. Such an approach can address important questions when seeking
10 test abstract, theoretical concepts. {f subjects in a carefully controlled laboratory setting do
nol behave in accordance with the predictions of a moge! i1 is highly untikely that ectors in
complex natursl settings will do so. At a very basic level experimental evidence can provide some
indication a3 1o whether a theary "makes sense” end points to where additional theoretical and
empirical work will be most fruitful.

in spiie of the potential benefits of this 1etter strategy it has not been widely applied in the L
field of internationa! relations ( for one recent exception see Niou and Grdeshook, 1988). <‘
hSJmu]amns have been used in inter natwna] relations research 1o Some extent (see £.0., Guetzkow

f.ﬂ provide soma guidance, however. A number of studies have been conducted }’n which game
theoretic solution concepls are tested on the basis of experimental evidence {see, e.q., Ordeshodsk,
1986, Chaplers 6-9 or Herzhergand Wiison, 1988) and these can serve as a guide 1o the
develop’nent of expemmants to test formal models of crisis behavior. The purpose of this paper is

Spatizl model of erists hargaining proposed by Morgan (1984, 1988, IotL*lcoLn_LﬂQL&ee also

Morrow, 1986). In ihe next section, a simplified version of The model s cutlined The subssquent
section cetsils an experimenta) design aimed at testing features of 1his spatial mode! of bargaining.
The penuitimate section analyzes data from two experimental series. The final section concludes
with the imptications of these results for this theory and for additional experimental work,

A Spatial Model of Crisis Bargaining

The mode! skeiched here represents a synthesis of traditionalytility-based bargaining thenry
{Nash, 1950; Pen, 1952; and especially Zeuthen, 1968) and the spatial theory of vating (Hinich
and Polierd, 1981, Enelow and Hinich, 1984). Since the mode] s presentad in delail elsewhere
(Morgan, 1984; 1986; forthcoming), this descriplion is brief, emphasizing the mest imporiani
glements of the mode} for the purposes at hand. 11 is important to note that the mode is inlended to

-norirey the analyst's, as opposed o the actor's, perspective. Although the basis of the modet is
grounded in elements of game theory, the aim s not 1o delermine a “solution™ in a game thearetic
sense. The geme theoretic spproach has always posed 2 problem for the study of bargaining in thet
it cannot explain why bargaining occurs--if the players know the situstion and the thepry, they
can pregict with certainty the outcome and should not weete their time "bargaining”. Thus, the

madel shoyld not be interpreled as representing a set of conditions that determine & solution, but

£9 8 se nf assumptions regarding how bargainers react to certain siluations.. We do nof essume
that the actors have full information regarding the situations they face; for exemple, one can
mcarrectly estimale the opponent's preferences or the power relstionship. For this reason, the

predicled outcomes. are expresserd s probsbitity distributions over all possible
hargained solutions as well as ihe no agreement, or war, outcome. As analysts, we are interesied
in using the model to delerming what factors affect these probability distributions across
oticomes. _

Components of ragining M

The moce] consists of iwa main components, an issue space and a utility space. Crisis
situations ars represented in an m-dimensional space whers each axis 15 associated with one of the
issues Under dispute and each paint on a dimension represents a possible outcome on the retevant
issue. Each participant is located insthe issue space by an ideal point, the coardinates of which



represent the participant's initial bargaining pesition on the issues at stake. Ansclor's
preferences over the outcomes in the issue space are associsied with the gistances betwsen each
possible sutcome and the eclor's ideal poinl? By assuming the actors’ preferences can be
represented by von Neumenn-Morgenstern wt ity functions, the utiiity spece can be derived {rom
the issue space. 1he issue space provides the basis for much of the analysis that can be done with
this model (see Morgan, 1988a; 1988b) and serves as the linkage between the concrete issues
over which dispules ocour and the rather abstract utility space. Within the context of the model,
-hargaining is viewed s attempts by each side 1o induce the other 1o acoept an outcome closer tgats
own_ideal point and congessions ooour when & party “moves toward” iis opponent By proposing.an
outcome closer g the opponent’s ideal point. Although actual bargaining occurs aver the issuss gl

opponent, end s on, are made on the basis-of theexpecied henefit from each option.

To simplify the presentation of the model, the discussion focuses on a specific example,
gepicted in Figure 1. 1t should be kept in mind this represents a greatly oversimplified version of
the model and the conclusions derived from the model are in no way dependent on the specifics of
the example. Figure 1 depicts a single issue dispute between two actors, § andj, represented on
the single continuous dimension, 1.3 The points, 7, on 7 represent possible oulcomes on the
issue and the actors’ initial positions are dencted by Oi and 0j. We assume that oulcomes closer 1o
j's initiel position provide j gresler ulitity then outcomes further away (and the same 15 true for-
i). Al eny point in time, an ector can choose from a number of options: it can initiate & war; it can
end the crisis by accepting the last proposs!, 1, offered by the opponent { perhaps the opponent’s
(), it can make concessions by offering a 17 closer o the opponent's 0; or, it can do nathing and
wail for some movement by the opponent.

<Figure 1 About Here>

it is assumed that, for any 1, 1he probability thet both 1 and ) would choose w over war can be
getermined and that a joint probability distribution over Ti can be derived thal can be usedto
delerming the probability that war would ooour. A pariicipant's willingness to sccept s given
proposal 1s assumed 10 be a function of the loss of utitity associated with such 8 move, which is
characierized by the participant’s loss funclion defined over the issue 3pace and incorporates the
actor's risk orientation, &s well es the participanis’ relelive power and resolve. For simplicily,
the ulility loss funclions are lingar and symmelrical across eclors in this exampie. We also &
impose the restriction that there is g one-to-one mepping from the issue spece to utiiity for bath i
actors. This allows us to represent both the issue space and the utility space on a singls dimension
and wiil fecilitate an intuitive explanation of the model4 /

2 in gereral, the farther from an outcome {s from an actor’s ideal point, the less preferred it s,
Sinca all issues ara not equally selient for every ector, however, the issues are weighled and
preferrences are represented by weighted Eucligean distance. See Morgan, 1986; Enelow and
Hinich, 1984. I ~

3 For now we Jeave open the question whether these actors are individuals or simply the
preferences of the median decision maker,

4 This greatly oversimplifies the mode! and, as will be seen below, imposes even greater
restrictions than does the experimental version, By creating what is essentially a zero-sum
conflict (at least with respect 1o the issues at stake—-1f war is the result, thet presumably
imposes £osts on both parties) the presentation of the main concepts is much easier,



The utility loss function establishes limits of the upper and lower bounds for the probability
istribution regarding whether a 17 will be eccepted. First, there exists some point up to which

the utility loss is so minimal that 7 would be accepied with certeinty. These poinis are labelied Aj
and Aj for iandj, respectively. Since we can assume that a player’s O would definitely be

accepled, O and 0 can be taken as the limits of Ajand Aj. It is also assumed that there exists
some point at which the utility joss is so great that the participant would definitely choose war
over . This point (1abelied pi or 11 ) establishes the lower bound of the probability that w will
be accepted, any 7 on or 1o the right of wi, for example, would be accepted by § with a probabiiity
of 0.0. We will assume that a player’s lower bound is limited at the proposal which has ulility
equal to the expected utility of war.

Notice the interval [pj ,iti} in Figure 1. Any proposal to the left of |5j would be rejected with
ceriainty by j and any proposal to the right of i wouid be rejected with certainty by i; thus, when
1j s tothe right of yj (L.e., the bargaining set is empty) we know thet war is certzin, We do nof
assume thal a non-empty bargaining set, as in the figure, guarantees a negotisted seftlement,
however. While it is assumed in many bargaining theor ies that a non-empty bargaining set is
necessary and sufficient to insure a negotisted settlement, we follow Zeuthen ( 1968} and assume
that & nen-emply bargaining set is necessary for a settiement but that it is not sufficient. Since
we do not assume thet the parties are fully informed as to the location of sach others’ reservation
points, war can result even with a non-empty sef. An actor might reject & proposal that is
preferred to war in the hopes of achieving an even betier outcome which cen lead the opponent to
conclude that the bargaining set is empty and to initiate a war,

For erises in which war is not certain, the mode] is designed to produce a probabil ity
distribution that specifies the Iikelihood of each possible outcome, including war. The precise
nature of this distribution is determined by & number of variables in addition tc the participant's
utility less functions. Specifically, three factors {for each actor ) are incorporated into the model:
the costs for each assaciated with the bargaining progess; the power of the actors in terms of their
relative war fighting capabilities; and, the parties’ resolve. The detailed conceplualization af these
variables can be found in Morgan ( 1984, 1986, forthcoming).

In international crises the notion of ‘costs’ generally refers to the parties’ abilities to inflict
rdamage on one another through military means (such as bombardments, biockadss, etc.), economic
sanctions, and so on. Costs can also be incurred directly from the act of bargaining ( through the
expenditure of resourcss, including attention) as well as from discounting future benefits, The
ultimate outcome 13 less valuablie 10 a bargainer the longer these costs are absorbed; thus, an actor
should be willing to make immediste bargaining concessions in an atiempt to avoid paying these
costs, In the terms of the model, this suggests thal to avold paying the costs of bargaining an actor
should be wilhing {o accept immediately any proposal thal provides jess utility than does that
ector’s 0. Thus, the degree fo which j { for exampis) must suffer bargaining costs can be reflected

by the jocation of Aj. The grester the bargaining costs to j, the farther from Qj will be A1, Note,

however, thaet representing an increase in bargeining costs to an eclor by shifting A does affect the
entire probability of acceptance function. Shifting the point of lowest utility that would be
accepted with certainty away from an actor's fdeal point serves {o increase the probability of

- acceptance for sl proposals up fo y.

The second factor is the relative power of the actors in terms of their canabilities for fighting
awar. The justificstion for this is straightforward. Within a bargaining situstion the party
which ts more Tiksly to achieve its objectives through war should be jess willing to make
concessions, all else being equal. One interpretation of this situation is suggested by Zeuthen's
anglysis of labor ~management bargaining { 1968). We may suppose that the outcome of a war is
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uncertain and that it can take on any value in a range of possible outcomes. There is, however, 8
probsbility distribution over the range of outcomss and we can delermine ths expected value of
this distribution. Saying that one player is more powerful than the cther means that this
distribulion is construcied in such a way thal the expacied value favors the more power ful player.
This player should then be less willing to make bargaining concessions since it would expect o lose
iess (or gain more) from & war.

This aspect of power is represented in the model by the shape of the probability of acceptance
functions. Inour example the linear probability of acceptance functions represent a case in which
i and j are equally likely {o win e war. These funclions can take any shape that is monotonically
decreasing (from A to u) and other shapes can be used to represent cases in which one party is
more likely to win awar. If, for example, j is more powerful than i | i's probabitity of acceptance
function is convex with respect to 0j and i's probability of acceptance function is concave with
respect to 01, This suggests thet an actor is more likely to sccept a propasal providing a given
amount of utility when that actor is disadvantaged than when equal or superior 1o its opponent in
war fighting capabilities. The degres of war fighling dispar ity between the partiss can be reflected
in the amount of curvature of these functions. The curvalure will increass as does the disparity.

The third and fina factor, resolve, is conceptuslized as an unwillingness ( that could be the
product of “nonrational” factors such as domestic politics or pure stubbornness) to allow the
oppanent a sizeable negotiated "victory™ even though the agreement provides a higher value than
that expected from war. This aspect of resalve is incorporated into the mode! through the sctors’
ps. Asan actor’'s resolve increases, its i will shift toward its 0. This refiects an increased
ynwillingness to capitulate. This indicates that the party prefers war to someproposels that
provice grester expected utility {when resalve is ignoredsj than does war; and, we can see that the
greater the resolve, the greater the shift in 1. Note that while this does affect the probability of
acceplance for all proposals in [1,A) it does not affect A, indicating that even a highly resolved

party may still be willing to make some concessions, provided that the cutcome is still reasonably
close toits G.

The bargaining maodel proposed here is constructed to provide a probability distribution aver
all possible ouicomes. We have, for each ector a probability of acceptance function over all
possitie orisis outcomes and can thus determine the jaint probability that any given proposs!
would be accepted by both parties and, more imporiantly, we can determine the probability that
war will resull. The mos! reascnable point to trest as the "solution’ tu the bargaining problem is
that point within the range of possibie negottated ouicomes that maximizes the joint probability of
being sccepted. @ This is determined as follows: We have for sach actor a function, pi(r), that
provides the probability that each 7 would be accepled. The "solution” will be the 31° that
maximizes the derivitive of the product of these functions, evaluated within the interval [y,15].
Mathematically, 7' is the proposal thet satisfiss

(pi(ﬂ)négjﬁll) * (pj(n)* éﬁi(ﬂl)= 0 {1}
a1 1

5 Remember that this should not be interpreted as a 'solution’ in the standard game theoretic
sense; rather, it is the negotiated settlement most likely to be reached, keeping in mind that war

might be more likely than any negotiated settlement.
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The second task of the model 1s to determing the probability that some negotiated settlement
will be reachad { i.6. that war will be avoidsd). For a given 1, the value of pi(w) and pj(m) is
tnterpreted as the probability that the lowest 1 1 or j would accept is 7 or some 17 thet provides
tess utitity. Thus, the probability functions can be seen &5 delermining the cumulative
prabability distributions which can be used 1o calculate the corresponging probability density
functions (p.d.f.s}. The probabilitly thal war will be avoided is determined by the product of the
proportions of the p.df.s that are within the interval [uf,0u1,]. Mathematically,

plwoey = 1-f fuipilm)  [upiln) 2
(L‘f_" pit(w) * If}’%’j'(u))

Equations {1} and (2) constitute the heart of the model. They specify the "predictions” to
which the model leads in terms of the probability that a crisis will end in war as well as the likely
negotiated outcome should one occur. These equations can be utilized to provide insight into the
relationship between the key variables incorporated into the model and crisis outcomes. For
example, we can derive hypotheses associating the relative power of crisis participants with
probable crisis outcomes by demonstrating how changes in power, as reflected in the probability
of acceptance functions, lead to changes in predicted outcomes. The purpose of the experiment
presented below is to provide a means to represent these variables in a laboratory setting and to
enable us to test the derivations.

Before presenting the experimental design and results it is necessary to mention briefly 3
some of the hypotheses to which the model leads. The formal derivations have been presented
elsewhere (Morgan, 1986; forthcoming) and will not be restated. Also, we will mention only
those hypotheses derived from the model that the current experiment is designed to examine. If we i
consider simple, situations as depicted in Figure 1 the model leads to a number of hypotheses L
regarding the impact of changes in the variables individually. When the costs of bar-gaining are L J_f
increased (while holding the other variables constant) we expect to find no change in the mode of [ i
the distribution of negotiated outcomes but the model suggests that the likelihood of war decreases ;
very slightly. Increases in the ability of one party to prevail in war or increases in the resolve of /
8n actor are expected to shift the probability distribution of negotiated outcomes In that actor's ]
favor and to bring about an increase in the probability of war. When the variables are allowed to f
vary simultaneously, the relationships become somewhat more complex. By and large, the general
tendencies remain the same, but a given increase in an actor's resolve or in the costs of bargaining
provides more benefit, in terms of the probability distribution of negotiated outcomes, to the
weaker party than to the more powerful—but this benefit is relatively slight and is not likely to
overcome the -advantage of greater war fighting capabilities. :

Experimental Design . = . .

o _.33315' an.

The experiment reported here involved groups of two individuals who participated on
computer terminals which were physically separated from one another. A total of 100
participants were recruited for the experiment. Participants were recruited from various
undergraduate classes and the “"commons" in student housing. Participants were free to select the
time in which they desired to participate. All students were promised that they would be paid in
cash at the conclusion of the experiment. No information was provided about the expected earnings
from the experiment. If pressed, Lecruits were given a range of payoff for the experiment,

.



representing the theoretics! minimum and maximum sarnings. Of these partigipants, 80
participated in 40 replications for our first experimental wave and the remaining 20 individuals
were in the second wave of 10 replications. Participants were told that they would be in two
distinct experimants, one in which they would participate with *he compuler, and the second in
which they would participate with one another.

The experiments were run with 4 or 6 individuals at atime. Participants, upon arriving
for the experiment were allowed 10 select their own computer terminal and were kepl physically
separated. Each participant was randomly assigned to a group and each group was made up of two
individuals. in addilion, sach group was randomly assigned 1o the experimantal conditions delailed
below. Before beginning the experiment, participants worked through a short series of
instructions at their individual terminal. These instrustions incorporated several tests, both on
how to use the computer equipment and emphasizing key elements of the experiment.

The first experiment was in fect a “pre-experiment” designed to atlow participants to
earfi an endowmant for subseauent play. In the “secand” experiment, individual payoffs could
become negative, s0 the initial earnings were a means of ensuring thet participants had an
endowment for the experiment. Rather than "staking" sach individual o & fixed amount prior o
beginning the experiment, we chose to have member's “earn” their endowment. As Hoffman and

. Spitzer (1985 show in a different experimental context, participants respond quite differently
{0 endowments they earn than to endowments that are assigned. This pre~experiment was quite
simple. The compuler displayed a line with integers ranging from 1 to 100. Participanis wereto
select a peint on that 1ine and when their choice was made, the computer randomiy chose a point
{rom g normal distribution. Participants were then paid on the basis of how far their own guess
was from the choice made by the computer. The closer their choics, the more they earned. Once
participants earned more than five doliars, this pre-gxperiment was ended. Participants had full
information about the distributional properties of the computer's choice. Using a mouse,
participants could "point™ anywhere on the line and they were given information concerning the
hkehhwd that ihe machine would seiect that particular pomt

" Once the pre—expemment was completed, partici pants wers given instr‘uctions on their
individual terminals concerning the bargaining experiment. These instructions included several
- 1asks in which they were reguired 1o give a proper respense before movingon. The instructions
informed members that they would be randomly assigned with another pariner, that they would
interact with that individual via thefr computer terminal, and that at the conclusion of the
experiment they would be paid, in privete, their earnings from both experimenis. Befors
beginning the experiment, individuals were quizzed &s to heir randomty assigned identity and

_ -__Dther' components of the expemmentf‘

: The t&sk fur partimpants inthe experlment WES to e'sthar ree;:.h agreement ona smgle
pcnnt taken from a line or to allow the computer to rendomly choose, from & normal distribution,

_-apointon that.line. As with the pre-experiment, & line, with infegers ranging from 110 100,

- -was displayed on the cpma\ er terminal, Each p&rhczpmt was assigned a specific point on that
. Tine, which ponstitut tidea) point™ for the propoess] space. At that point an individuel

recaived her max1mum~pay0’ff Points further from a member's ideal point decreased linearly in
_ velug, Table 1 gives the ideal points, valuation, end utility functions for the participants in both
experimental waves. The only notable point is that, sithough participants’ utility functions were
lingar, the ulility functions for the players were esymmetric, Since individusls participeted in
two distinet periods, in the first individuals were randomly assigned an ideat point. At the second
period, the ideal points and utility functions of the players were swapped, though players were not

6 These instructions are available upon request from the second author.

a
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informed in advance that this was to be the case. Using a mouse to point to an alternative on the
line, an individual was always provided information concerning the location and value of that point
to her.

<Table | About Here>

Participants were given two distinct menus from which to choose. The first menu allowed
individuals to propose an alternative on the proposal space to another player. Such a proposal was
an indication that the member was willing to end the period, earning the value of that proposal. A
choice was simply mede by clicking a point on the proposal space, then affirming that this
proposal was what the individual wished to send to her partner. Once a proposal was sent, the
partner was notified as to which proposal was made, its location on the proposal space, and its
value. That individual then chose to accept or reject the proposal. The initial proposer was then
notified of her partner's choice, if the proposal was rejected, both participants continued the
experiment. If the partner accepted the proposal, the initial proposer was then given the choice to
affirm or reject the proposal. If rejected, play resumed. [f accepted, the period was finished and
both players were credited with the amount earned from accepting this proposal. Thus, the
experiment required unanimity for accepting a proposal.

A participant could also choose to unilaterally end the period. The second option on the
menu enabled a participant to stop the experiment, if a player confirmed that this was what she
wished to do, the computer randomly selected a point from a normal distribution. That point
became the final proposal and players were paid their value for it. Players were fully informed as
to the shape of the normal distribution, since the likelihood that a particular point would be
selected by the computer was displayed and individuals could freely examine it by moving the
cursor across the proposal space.” In addition, ending the period was not costless. The individual
choosing to end the period was assessed a fee of $ 1.00, an amount which was subtracted from
his/her earnings, in accordance with the model developed above, war is not a costless activity, and
this point was Incorporated into the model through this fee.

‘This experiment included two periods of bargaining. While member identities were randomized
prior to beginning the experiment, the same partner was retained across periods.’ Payments

7 The values displayed were not the true probabilities. Instead, these values were displayed as the
probability multipled by 1000- In pre-tests, participants indicated that the extremely small
values reported as probabilities made little sense to them, and they were not able to adequately
discriminate across changes in those values, in looking at the larger magnitudes, however, they
could see how fast the distribution dropped off.

"8t could be argued that the "target" of the attack should also be charged a war fee and, in fact, it

K might seem reasonable that the fee for the victim would be higher than that for the war initiator

“(if there is an advantage to striking first). The experimental problem is to create some
disincintive for resorting to war. If the victim of attack is charged more than the attacker, the
war fee becomes an incentive to end negotiations, and even fewer of the pairs would reach
agreement. A war cost to only the initiator is not precluded by the model.

° Multiple periods were inducted in order to determine whether learning effects were important
for these reasonably complex experiments. By retaining the same pair of players across periods,
we have also introduced the possibility "reputational” effects may occur as one partner or the
other may develop a noticeable style in the strategies that are played. However, given that only
two periods are played, we doubt that there is sufficient time for such strategies to be noticed and



‘were credited to a member and withheld until completion of the experiment. These experiments
were not costless. During the bargaining period participants were assessed coststhat were a
function of the amount of time spent in the experiment. Two different cost conditionswererun in
these experiments and they were kept symmetric for players within an experiment. The low cost
experiments subtracted SO, 10 per minute spent in the experiment while high cost experiments
subtracted $0.50 per minute. During the course of the experiment, atimer was diplayed in the
upper right corner of eech member's screen. Also displayed was the amount of money that would
be subtracted from the member'searnings & the end of the period. Thisamount was updated each
seoond. At the outset of each period the costs for the experiment were posted and members were
quizzed as to how much they would be charged. When a proposa was mede and sent to another
player, the timer was hated and did not resume until one of the players rejected the proposd, if
the proposal was acogpted by bath parties, the current time costs were subtracted from the
members earning and the period ended.

Expearimentd Conditions.

 The primary concern in {hi with the circumstances under which bilateral bargaining

b he parties willgo tawer. The model outlined above indicates that 8 non-
empty bargaining set is necessary (though not sufficient) 16r 6ctors fo resch o negotiated
settiement._A bargaining range for players in a bilateral bargaining geme ( with war ) is affected
by the reletive power of the players, the cost for initiating war, and the costs imposed on
bargaining. in our experiments, we have fixed the costs for going to war ( the player endingen
experiment is cherged $1.00) and have varied the costs of bargaining (with high and low costs
assessed players in the experiment). Our main effects condition for the experiment is with
differential power among the players. Power in these experiments is defined by a mean and
stendard deviation for the normal distribution from which the computer mekes g random drew if &
player chooses o end the peried. Two distinct distributions were used in these experiments. The
first condition wes a symmetric power case, in which the distribution wes normet, with a mean of
80 and & standard deviation of 17. tn this case both players had roughly equal charices that the
computer wouid choose an outcome closer to their ideal point. In the second condition, power was
asymmetric, with the mean of the normal distribution located at 65 and a standard deviation of 10.
‘In this instence the player whose idest point is at 92 is advantaged by the computer’s chaoices.

These two power distributions yield very different, non-empty bargaining ranges. Each
plaver has a reservation peint at the oulcome providing a payoff eque! to the expected payoff of war
minus the war initiating fee (i.e., a player would prefer initiating war to accepting a negotiated
setilement with a payaff lower than the reservation point) and the oufcomes between the players’
reservation points constitutes the bargaining set. 1T is important to note thet this method of
calculating the bergaining range sssumes the players are risk neutral, expected value meximizers

-and that this is exogenous to the model. As we shall show below, this wes a questionable

- gesumplion. Given the expected value for-going to "war” ( endmg the bargaining period), the
positions of the various players, and their utility functions, the symmetric power condition yields

8 bargaining range over the intervel [46, 58], Note that this renge encompasses much of the
central part of the propose! space and includes such commonsensical divisions as "split-the-
middle” (the point 48) and 8 “focal point”™ (the center of the proposal spece ~- 56). Meanwhile,
the ssymmetric power condition yields @ bargaining renge separoted from such divisions. it
includes the interval: {61,731,

for "reputations” 1o grow. We take note of these points and subseguently analyze our dala to ses if
there are any period effects.

5
-
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Our experimental design, then, includes some very simple elements. Individuals first
earn an endowment in a pre-experiment That experiment introduces them to the properties of a
normal distribution by displaying the likelihood that a proposal on a single dimension will be
selected by the computer. The closer their own guess, the more they earn. Participants are not
told how many choices they can make, nor how much they can earn in this pre-experiment
instead, they are stopped once they earn in excess of $5.00. in the experiment, participants are
randomly assigned to a partner with whom they bargain in two different periods. Following
detailed instructions as to how to participate in the experiment, participants then have options to
make a proposal and agree to end the period, or to let the machine pick a proposal which ends the
period. Any proposal selected by a player must be ratified by both parties before it is finalized.
Upon completing a period member payoffs are tallied and all associated costs for the period are
subtracted. At the conclusion of the experiment individuals are paid in private their total
earnings.

Our first prediction, then, is that the choice of a negotiated outcome depends on the
distribution of power (given by the mean and standard deviation of a normally distributed
probability density function). We focus on two distinct power distributions and expect that in the
symmetric case, negotiated outcomes will settle in the interval [46,58]. For the asymmetric
power distribution, negotiated outcomes will fall In the interval [61,73]. The second prediction
focuses on the bargaining costs assessed the players. Two distinct conditions are used in this
experiment, either assessing individuals $, 10 or $.50 per minute during the bargaining process.
The model suggests that there should be little, if any, difference across these conditions. The third
prediction is purely behavioral. This experiment is reasonably complex and we are concerned
with whether there are any learning effects. Here participants engage in two bargaining periods
and we test for period effects. For this first wave of experiments we have a 2x2x2 factorial design
with 10 replications per cell.

Analysis

Negotiated Outcomes.

First we examine the independent effect of switching power conditions on the choices of
negotiated settlements. Under the symmetric power condition, 27 of 40 outcomes were negotiated
(67.5%). Since there are no statistically significant effects due to differences in bargaining costs
or across periods for these negotiated settlements, we pool these outcomes under the symmetric

power condition. ° These outcomes are plotted on Figure 2a From this Figure, it is clear that the

19" Examining only negotiated outcomes which were achieved through agreement by both parties,
we calculated a regression equation predicting the distance of the final outcome from the
bargaining range from dummy variables for the period and type of bargaining costs. Our analysis
yielded the following parameters (standard errors in parentheses):

OUTCOME = CONSTANT + PERIOD + COSTS
358 541  4.27
(3.24) (3.80) (3.82)

where: period 1=0,2=1 costs low=0, high=1
This analysis shows there is no statistically significant period or cost effects for this
experimental condition.

?
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bargaining range does not predict very well. Of the negotiated outcomes, only 5 fall in the
predicted bargaining range (18.5%). Equally interesting, however, is that neither a "split- the-
distance" solution nor 8 focal point made up of the midpoint of the proposal space does very well in
capturing the choices on which participants agreed. Although there is considerable variance in
choices, there is a substantial clustering of outcomes shifted toward player 2, whose ideal point is
at the point 92. We return to this observation below.

<Figure 2 About Here>

Under the asymmetric power condition, 23 of 40 outcomes are reached through
negotiation (57.5%). Again, since there are no statistically significant effects due to differences
in bargaining costs or across periods for these negotiated settlements, we pool these outcomes for

purposes of discussing outcomes under this asymmetric power condition."* These outcomes are
plotted on Figure 2b. Here the predicted bargaining range does a much better job in predicting -
outcomes, as 14 of the 23 negotiated agreements fall in this range (60.9%). As with the
symmetric power condition, there is substantial variation among these outcomes about the
predicted bargaining range, although the asymmetric bargaining range is more successful in
predicting outcomes.

These results are striking in that the bargaining range appears to have very little
predictive power. However, the data do raise several important questions. First, why does the
bargaining range for the asymmetric power condition predict outcomes so much better than the
bargaining range for the symmetric power condition? Second, why do conimonsensical outcomes
for the symmetric power condition perform so poorly? Finally, why do the outcomes for the
symmetric power condition look so much like those outcomes for the asymmetric power condition?
This last question is key end we return to it with a second series of experiments.

War

We now turn to the question of whether the level of bargaining costs imposed on the actors
in this experimental crisis situation affects the likelihood of breaking off negotiation and choosing
war. Choosing war in this context was not costless -- the player choosing to unilaterally end the
period was charged $ 1.00 for doing so. Yet remaining in the experiment, bargaining over
outcomes was also costly — since both actors were assess a per-minute cost for staying in the
experiment. The costs were symmetric for players. Our expectation is that these costs should
have very little effect on the probability of war, though higher costs should lead to a (marginally)
lower probability of war. Table 2 breaks down, by power condition and cost condition, the

“Examining only those outcomes which were achieved through agreement by both parties, we

calculated a regression equation predicting the distance of the final outcome from the bargaining

range from dummy variables for the period and type of bargaining costs. Our analysis yielded the
following parameters (standard errors in parentheses); '

OUTCOME = CONSTANT + PERIOD + COSTS

144 074 434
(3.36) (4.18) (4.18)

where: period 1=0,2=1 costs low=0, high=1
As with the symmetric experimental condition there is no statistically significant independent
effect for either periods or costs.

bl
.



percentage of experiments in which war was chosen. *? The data displayed in Table 2 show that
there is no effect of these costs on the choice to end the experiment. While there is some variation
across cost conditions, the Chi-Square tests of significance do not enable us to reject a null
hypothesis that the variation is random.

<Table 2 About Here>

The Behavioral Bargaining Range.

Our experimental results provide little support for the model's theoretical expectations.
In particular, participants in these experiments do not regularly choose outcomes in the
bargaining range when reaching a negotiated settlement. Yet there are distinct patterns to this data.
The model outlined above predicts that negotiated outcomes will appear in a bargaining range,
however, the calculation of this range is exogenous to the model. As a starting point we began
with the notion that individuals set with foresight and ere capable of complex calculations. Our
approach used an expected value formulation based on the costs and expected outcome of going to
war to establish a bargaining range for each of the treatments. However, an alternative behavioral
rule, relying on a far simpler choice process, involves settling on outcomes where both parties
derive positive value.

In these experiments, payoffs are private to each player end there are no opportunities
for players to communicate their earnings to one another. All communication is controlled by a

computer connected to the local area network. Moreover, the only communication allowed in the
experiment is the location of a proposal, who proposed it, and whether or not the proposal is
agreed to by the other party. Nonetheless, given the payoff functions used in this experiment,
there is a narrow range across which both players gain positive ( non-zero) payoffs. This range
extends across the interval [60,70], end is the same for both symmetric and asymmetric power
conditions. For the sake of clarity, we call this the "behavioral bargaining range."

if we replot the outcomes for both power conditions and now include the behavioral
bargaining range, we find a substantial improvement in fit among the negotiated outcomes (see
Figure 3). Now we find that 29 of 50 outcomes (58.0%) fall in this range. On the plot we
differentiate between the symmetric and asymmetric power conditions. With the former, just
under half the outcomes appear in this behavioral bargaining range. As we noted above, even
though power is approximately symmetrically distributed for the two players, still the outcomes
favor player 2, For the asymmetric power condition, here too there is an improvement in fit
Although there is substantial overlap between both the expected value bargaining range and the
behavioral bargaining range, almost 70 percent of the outcomes fall in the latter.

<Figure 3 About Here>

Certainly, if we abandon perfect foresight models, other, equally plausible solutions for
predicted outcomes are in order. However, our theoretical model points out that given some
decision rule, negotiated outcomes will appear in a bargaining range. What we propose here, is a
different behavioral rule for participants, which still yields a bargaining range. The question,
remains, however, whether this behavioral bargaining range is spurious — after all the fit for
the negotiated outcomes is not perfect. To test this conjecture, we ran a second, limited series, of
experiments in which the behavioral bargaining range was eliminated. In this second

12 Period effects were tested here, but once again they have no effect, so all results are pooled
across periods.
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experimental series a 2 x 2 factorial design was used with 5 replications in each cell. Again our
main effects were with symmetric and asymmetric power conditions. Controls were implemented
for period effects. All conditions were run using low bargaining costs.

To eliminate the behavioral bargaining range, the same parameters in the previous
experiment were retained. However, the valuation of individual ideal points (and thus every other
point) were Decreased by $ 1.50. While this was more than sufficient to eliminate any segment on
the proposal space where both players gained a positive payoff it is interesting to note that the
expected value bargaining range does not change. Our experimental results make it clear that
eliminating the behavioral bargaining range has a profound effect on individual choices. Quite
simply, players in this second experimental series negotiated significantly fewer outcomes than
did players in the first series. These results are given in Table 3. Within the symmetric power
condition only two of ten outcomes were negotiated. Of these two, one was in the bargaining range
predicted using an expected value calculation. Under the asymmetric power condition, three of ten
outcomes were negotiated. None of these outcomes appeared in the predicted bargaining range. In
neither case did a behavioral bargaining range exist. What is striking about these results is that
as the behavioral bargaining range was eliminated, the likelihood that players resort to war
increases dramatically. Consequently, it appears that the existence of a bargaining range (even a
non-foresighted one) is important for the negotiating process.

<Table 3 About Here>

Predicting War,

Although the mode] elabarated sbove does not directly address the guestion of when parties
will abandon negotiation, the mode! does yield several implications concerning negotistion end
moving to war. The mocel clearly indicates that when the bargeining range is empty, parties will

move {p war . This appears to be the case when the behavioral bargaining range is eliminated.

Even so, this fit is not perfect, since a quarter of the oulcomes in the second experimental series
were negotmted, A weaker version of this strong prediction holds thet wers occur when proposels

_areoutside the bargaining rangé. This is tantamount to an empty bar‘galnmq range, since, if
participants do not have proposals in that range to consider, there is no reason to expect a
negotisted settiement will be reached. {n these expariments individuals face real-valued costs for
hargaining. To some extent this limits the number of proposals which are made during the course
of negotiation. The fewer proposals, the greater the likelihood that points in the bargaining renge
are not considered. {f proposals are made which are not in the bargaining range (or are for from
it), such strategies are also indicative of a player’s rescive.  Conseguently, players have an
incentive to go to war.

Whether participants in these experiments broke off negotiations because proposals
appeared far from the bargeining range is something which can be directly estimated using
multiveriate PROBIT. Whether or not individuals went to war is measured using o dummy
variable in which negotiating a settiement tekes on & value of zero and going to wer takes on a value
of ane. The principle independent variable is the averege distance of ali proposais made by a psir
of players from the bargaining range. As the model! implies, the further proposals are from the
bargeining range, the more likely plavers are to go to war. Rather than using & dummy variable
indicating whether or not a7 proposal was in the bargaining range, the aversge distance of ail
proposals wes used because participants did not atweys adopt strategies in which their proposals
converged on the bargeining range nor did all participants spend the same amount of time in the
experiment. Gften participants would start with centraily located proposals and quickly indicate
their resolve by moving proposals closer o their own ideal point. Early proposals, some of which
were in the bargaining range were seldom returned to by proposers.  individueis commonly began

-
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by being quite conciliatory and then hardened when their initial proposals were not accepted by
their partner. **

in addition two control variables are included in these estimates. First, controls are
introduced for the total number of proposals made in the experiment (PROPNUM). This is to
account for substantial variation in the number of proposals made in these experiments, which in
turn has an effect on the average distances of proposals from the bargaining range. Secondly a
control is introduced measuring the risk aversion of pairs of players in these experiments. In the
pre-experiment participants played a "matching game" with the computer. They chose a point
from 100 points on a line. The computer then randomly chose a point from a normal distribution.
For each point on the line players were given full information about the likelihood it would be
chosen by the computer. Our conjecture is that risk averse individuals choase points at the mean
of the distribution, while risk acceptant individuals deviate from the mean, choosing points around
space, playing "guesses" and "hunches" rather than the expected value of the game™ The measure
of risk aversion (RISK) is calculated as the average of the partners' standard deviation of their
choices from the mean. Rather than the average distance of an individual's guesses from the mean
of the normal distribution, the standard deviation is used. This measure is more sensitive to the
variation in an individual's choices. Since either player in these experiments could unilaterally
end negotiations, the average of the standard deviations of the players is used. The more risk
acceptant a pair of players, the more likely that pair will go to war.

The results from the PROBIT analysis are given in Table 4. The analysis is run
separately for each of the power conditions and uses data only from the first experimental series.
This is done in order to illustrate the predictive capacity for the nearness of proposals to both
predicted negotiation sets -- the expected value bargaining range and the behavioral bargaining
range. *° Taking the symmetric power condition first, estimates show that the number of
proposals made in the experiment has no effect on whether participants choose to reach a
negotiated settlement The measure of risk aversion, however, does have an effect, but in the
opposite direction from the one we expect. The larger the average standard deviation for the pair
of players, the more likely those individuals are to seek a negotiated settlement. This finding is
strong and consistent across both of the main effects conditions.”® It may be that, in these
experiments, seeking a settlement with an unknown partner is in fact a riskier situation.

<Table 4 About Here>

3 Indeed, models were estimated using the proportion of proposals in the bargaining range,
utilizing the other control variables introduced into the model. These models provide very weak
estimates, telling us little about the overall process in these experiments.

Of course, this might only be measuring the level of understanding of basic elements of
probability. Of this, we cannot be certain. Our only evidence that this is not so comes from the
fact that few individuals during the course of the experiment indicated they did not understand
what they were doing.

> The considerable overlap of both ranges for the asymmetric power condition leads us to omit
the estimates for the expected value bargaining range. Analysis shows that these estimates differ
only in the third decimal place.

% Further analysis shows that there is only a weak, negative relationship between which player
chooses to break off negotiations and the player with the larger individual measure of RISK. Tau-b

=-.1

-
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The principal concern in this analysis is with the effect of proposals close or far from the
bargaining range. With the symmetric power condition, where we note that there are two
separated bargaining ranges, average distance from the behavioral bargaining range predicts
somewhat better than average distance from the expected value bargaining range. The estimated
coefficient EVDIS is far from significant, while BEHAVDIS approaches significance (p = .075)).
Moreover, equation 2 does slightly better in terms of the percentage of cases correctly predicted.
For the asymmetric power case, BEHAYDIS is also positive and statistically significant beyond the
.01 level. The estimates for both equation 2 and 3 point to a positive relationship between the
average distance of proposals from the behavioral bargaining range and the likelihood of oping to
war. This direction is consistent with expectation, supporting the prediction that the further
proposals were from the behavioral bargaining range, the more likely players were to end the
period by oping to war.

Summary and Conclusion

In one respect the results of these analyses are somewhat disappointing. We are not able
to draw firm conclusions about the hypotheses we set out to test, though some results are
consistent with the predictions derived from the model and others are apparently contradictory. A
A major difficulty is that the subjects do not behave as expected value maximizers. This is not
necessarily inconsistent with the model (the exact utility functions are exogenous to the model);
but, since the experiment was designed on this assumption, its violation makes it difficult to base
conclusions regarding the model on these results. For example, the hypothesis relating power
asymmetry to negotiated settlements is based on the effect the asymmetry has on the bargaining
range and the experiment was designed so that the expected value bargaining range shifted in the
asymmetrical treatment. The behavioral bargaining range did not vary across the main
treatments, however, so conclusions regarding power symmetry cannot be drawn. It is our belief -
that some relatively minor changes in the experimental design will correct this problem end will,
in future tests, enable us to test directly the conclusions of the motel.

In spite of this, some interesting results were produced. Basically, under a revised model
we have a reasonably good way to predict when individuals go to war. When proposals are made
fihitcmvesggeon the behavioral bargaining range a negotiated setlement is likely. It may be that Ft may be that
the bargaining costs imposed on the players induce them to consider only a limited, finite set of
proposals. If both players bargain "tough", perhaps because of high resolve, and concede toward
the bargaining range slowly then war may be the likely result. This does support one assumption
of the model--that a non-empty bargaining set is not sufficient for a negotiated settlement Not
only must feasible outcomes exist, they must also be found.

The "unexpected" bargaining range that seemed to operate for most pairs is based on a

" quite simple behavioral rule: participants seek agreements in which their payoff is positive. Ore
interpretation of this is consistent with the work by Kahneman and Tversky on prospect theory

(' 979; Quattrone and Tversky, 1988). Participants facing the choice of a settlement that
involves a negative payoff seem to prefer the lottery of the war outcome, even if the expected value
- ofthe lottery is less than the proposed solution (i.e., they are risk acceptant) while those offered a
settlement providing a gain prefer to accept rather than risk the lottery of war, even when the
expected value of the lottery is significantly higher than the offer (i.e., the are risk averse). This
suggests that the participants were behaving in accordance with some previously observed
patterns and that future experiments and theoretical models should turn to more complex
assumptions regarding participants’ utility functions.



The results are encouraging in at least one respect. Even though we have yet to achieve a
perfect correspondence between the model and the experimental design, it does appear that further
experiments will be worthwhile. These results have produced sufficiently interesting and
suggestive conclusions to demonstrate the value of the experimental approach. The apparently
simple game led to some surprising conclusions and to some useful insight. While these particular
results indicate that some refinement is necessary for the experiment to permit an adequate test of
the model, they also are cause for optimism that future tests will lead to revisions and
improvements in the structure of the model.
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Table 1

Participant's Ideal Points and Utility Functions for the Experiment

Series1

Player Player Ideal Point  Player Mazimum Value Player Utility
Function

1 4 $8.00 $5.00 - (3.1212* 4 -XI)

2 92 . $8.00 $8.00-(3.25*192-X!)
Series 2

Player Player Ideal Point  Player Maximum Value Player Utility
Fuaction

1 4 £6.50 $650-(§.1212* 4-X1)

2 92 . $6.50 $650-(825+*{92-X1)

where: X is an integer from the line (1,106),



Table 2

Percentage of Experiments Ending in War by Power and Cost Conditions
{Numbers in parentheses)

Symmetric Power

No War War
Low Cost 60% 40%
(12) (8)
High Cost 75% 25%
{(15) (5)
Chi-sanare =1 N2 Af=1 n=121
MAkd W MAMLY T Ly W Ay oSl
Asymmetric Power
No War War
Low Cost 50% 40%
(12) (8}
High Cost 55% 5%
(11) (9}

Chi-square =0.10, df=1, p=75



Table 3

Percentage of Negotiated Outcomes by Power Condition and Series

Symmetric Power Asymmetric Power
1<t Series* 2nd Series 1st Series* 2nd Series
% Negotiated  60% 20% 60% D%

% War 4% 80% 40% 0%

*Low cost conditions only.



Table 4

PROBIT Estimates by Symmetric snd Asymmetric Power Conditions
{Stendard Errors in Parentheses)

Equation 1 tguation 2 Equation 3
(Symmetric Power}  (Symmetric Power)  (Asymmetric Power)

PROPNUM 025 020 016
(.031) (.031) ' {.053)
RISK -.039 ~.046 -.05%
(.021) (.018) {.025)

BEHAYDIS ———— 029 058
(.017) {.022)

EYDIS 020 -—-- -

(.022)



Figure i: A Utility Space Representation of Crisis Bargaining
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Figure Za
Megotiated Qutcomes for Symmetric Power Condition
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Figure 3
Final Negotiated Outcomes by Pewer Conditions
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