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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)1 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 uti l i ty 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

1 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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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.



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
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
consider simple, situations as depicted in Figure 1 the model leads to a number of hypotheses
regarding the impact of changes in the variables individually. When the costs of bar-gaining are
increased (while holding the other variables constant) we expect to find no change in the mode of
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
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.

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, recruits were given a range of payoff for the experiment,





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 I 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 made 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. If 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.7 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.8

This experiment included two periods of bargaining. While member identities were randomized
prior to beginning the experiment, the same partner was retained across periods.9 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.

8 it could be argued that the "target" of the attack should also be charged a war fee and, in fact, it
might seem reasonable that the fee for the victim would be higher than that for the war initiator
(i f 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.

9 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
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were credited to a member and withheld until completion of the experiment. These experiments
were not costless. During the bargaining period participants were assessed costs that were a
function of the amount of time spent in the experiment. Two different cost conditions were run 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, a timer was displayed in the
upper right corner of each member's screen. Also displayed was the amount of money that would
be subtracted from the member's earnings at the end of the period. This amount was updated each
second. 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 proposal was made and sent to another
player, the timer was halted and did not resume until one of the players rejected the proposal, if
the proposal was accepted by both parties, the current time costs were subtracted from the
members' earning and the period ended.

Experimental Conditions.
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Our experimental design, then, includes some very simple elements. Individuals f irst
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 wil l 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 wil l settle in the interval [46,58]. For the asymmetric
power distribution, negotiated outcomes wil l 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 l i t t le, 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.

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

10 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

3.58 5.41 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.



11

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.11 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

11Examining 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

1.44 0.74 4.34
(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.
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percentage of experiments in which war was chosen. 12 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.



13

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>
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by being quite conciliatory and then hardened when their initial proposals were not accepted by
their partner. 13

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 choose 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.14 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. 15 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.16 It may be that, in these
experiments, seeking a settlement with an unknown partner is in fact a riskier situation.

<Table 4 About Here>

13 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.

14Of 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.

15 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.

16 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
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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 wil l ,
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
that converge on the behavioral bargaining range a negotiated settlement 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. One
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
of the 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 3

Percentage of Negotiated Outcomes by Power Condition and Series

Symmetric Power Asymmetric Power

1st Series* 2nd Series 1st Series* 2nd Series

% Negotiated 60% 20% 60% 30%

% War 40% 80% 40% 70%

cost conditions only.










