Perceptual Illusions and
Military Realities

RESULTS FROM A COMPUTER-GENERATED
PERCEPTUAL DILEMMA

S. PLOUS

Department of Psychology
Stanford University

Traditionally, the most common game-theoretic model of the nuclear arms race has
been the Prisoner’s Dilemma, in which participants are bound in conflict by the structure
of the situation. Recent evidence suggests, however, that the nuclear arms race may be
better approximated by a “Perceptual Dilemma” arising from discrepant perceptions of
various outcome utilities. The present experiment compared the effects of two strategies,
a matching strategy (called Status Quo) and a matching strategy preceded by uncondi-
tional cooperation (called Disarmament Initiatives), within the context of a Prisoner’s
Dilemma or a Perceptual Dilemma. Results indicated that: (a) the Status Quo strategy
sustained competitive behavior, attitudes, and emotions in both the Prisoner’s Dilemma
and the Perceptual Dilemma; and (b) the Disarmament Initiatives strategy induced sig-
nificantly more cooperation among subjects locked in a Perceptual Dilemma than those in
a Prisoner’s Dilemma. The limitations, extensions, and implications of these findings are
discussed in terms of political action and future research.

A great deal of past research on experimental gaming has used the
iterated Prisoner’s Dilemma as a model of the nuclear arms race
between the superpowers (see Lindskold, 1978; Pilisuk et al., 1965;
Pilisuk and Skolnick, 1968). Typically, the United States and the Soviet
Union are seen as playing a 2 X 2 game, with four possible outcomes:
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mutual disarmament, mutual armament, American armament and
Soviet disarmament, or Soviet armament and American disarmament.
Disarmament corresponds to what has been traditionally labeled a
“cooperative” choice, and armament corresponds to what has been
called a “competitive” choice. Each side earns a payoff, whether positive
or negative, depending upon the outcome of the given trial. The payoffs,
usually represented on an interval scale, are intended to indicate some
form of utility. They may or may not be equal for both players, and may
or may not sum to zero. According to a Prisoner’s Dilemma, the United
States and the Soviet Union are always better off individually by arm-
ing, but if both superpowers arm, the collective outcome is lower in
utility than if both countries disarm (see Table | for an example of a
Prisoner’s Dilemma).

This model has a certain historical appeal. For the first two decades
following World War II, the United States was none too eager to
relinquish its margin of nuclear superiority over the Soviet Union
(Myrdal, 1982)/. Less clear is whether the arming responses of the Soviet
Union reflected a preference for unilateral armament over mutual dis-
armament, or whether Soviet armament was merely intended to prevent
the United States from incurring a unilateral advantage. In any event,
the Prisoner’s Dilemma is a plausible model for the early stages of the
nuclear arms race.

By most estimates, however, the superpowers reached a state of
strategic parity sometime early in the 1970s (see Russett, 1983: 12), and
the military value of additional nuclear weapons became dubious
(Gaylor, 1982). Yet the superpowers continued to build more weapons,
and with each new weapon system the cost and competition intensified.
The probability of a nuclear war through accident or miscalculation
may also have increased (La Rocque, 1981; Nunn and Warner, 1984;
Perry, 1983).

Given the tremendous excess of nuclear weapons presently stockpiled
by both superpowers, it is conceivable that for many political leaders the
utility of mutual disarmament exceeded the utility of unilateral arma-
ment at some point in the 1970s (whether for reasons of military
stability, economics, or otherwise). As Nikolai N. Inozemtsev, Director
of the Soviet Institute of World Economy and International Relations,
observed in 1982, “Political and military doctrines have been changed.
This has been reflected in our internal life. There is a new determination
to seek [arms] reductions” (Beres, 1982: 10). If so, the nuclear arms race
might be characterized by what I have called a “Perceptual Dilemma”
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TABLE |
Prisoner’s Dilemma Used in Experiment
B-Response A-Response
B-Response 6. 6 -7, 17
A-Response 7. -7 -1, -1

NOTES: The first number in each cell denotes the outcome utility for a person play-
ing the row position, and the second number denotes utility for a person playing the
column position. Higher numbers indicate greater utility. These numbers are repro-
duced from the column utilities displayed in Table 2.

(Plous, 1985). Rather than sharing the same “matrix™ of perceived
utilities—as in a Prisoner’s Dilemma—players locked in a Perceptual
Dilemma hold discrepant perceptions of the payoff matrix, neither of
which correspond to true outcome utilities. Three conditions underlie a
Perceptual Dilemma: (1) both sides prefer mutual disarmament to all
other outcomes; (2) both sides want above all to avoid disarming while
the other side arms; and (3) both sides perceive the other side as wanting
above all to arm while they disarm. If, for example, leaders of the United
States and the Soviet Union were both to perceive the nuclear arms race
according to the outcome utilities for row displayed in Table 2, when in
fact the actual utilities were those found in Table 3, a Perceptual
Dilemma would obtain.

Data on Soviet perceptions are unfortunately not available, but
utility estimates from 32 United States senators clearly conform to the
American half of a Perceptual Dilemma. In a previous study (Plous,
1985), members of the United States Senate were asked to indicate on a
scale from -10 (worst possible) to +10 (best imaginable) what the conse-
quences would be if: (a) the United States and the Soviet Union signifi-
cantly reduced their nuclear arsenals, (b) only the United States made
significant reductions, (c) only the Soviet Union made significant reduc-
tions, or (d) both countries maintained their present courses. Senators
estimated the consequences of these four situations first for the United
States and second, in an attempt to take the perspective of the Soviet
leadership, for the Soviet Union. Rounded off to the nearest integer
values, the average utility estimates were those found in Table 2.

Of course, it is possible that the senators were accurately reporting
Soviet utilities and, intentionally or not, underemphasizing the utility of
American unilateral armament; although the Prisoner’s Dilemma was
unsupported as a model of the nuclear arms race, it cannot be conclu-
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TABLE 2
Payoffs Presented to Subjects in a Perceptual Dilemma
B-Response A-Response
B-Response 8, 6 =7, 1
A-Response 1, -7 -5, —1

NOTES: The payoff matrix above will lead to a perceptual dilemma when two parties
simultaneously adopt the perspective of row. The first number in each cell denotes
the outcome utility for a person playing the row position, and the second number
denotes utility for a person playing the column position. Higher numbers indicate
greater utility. These numbers are rounded off from survey data given by 32 United
States senators (see text).

TABLE 3
Payoffs Received by Subjects in a Perceptual Dilemma
B-Response A-Response
-/B-Response 8, 8 -7, 1
A-Response 1, =7 =5, =5

NOTES: The matrix above displays the actual payoffs received by subjects in a per-
ceptual dilemma. The first number in each cell denotes the outcome utility for a
person playing the row position, and the second number denotes utility for a person
playing the column position. Higher numbers indicate greater utility.

sively ruled out. Moreover, the Prisoner’s Dilemma produces com-
petitive behaviors that are similar to those found in the nuclear arms
race (Lindskold, 1978; Pilisuk, 1984; Pilisuk et al., 1965; Pilisuk and
Rapoport, 1964; Pilisuk and Skolnick, 1968). Indeed, a central reason
why the Prisoner’s Dilemma has remained such a popular model of the
nuclear arms race is the fierce competition it engenders.

How, then, are we to determine which model underlies the nuclear
arms race? The litmus test may lie in disarmament initiatives. Unlike a
Prisoner’s Dilemma, in which participants are bound in conflict by the
structure of the situation, a Perceptual Dilemma can be solved by
demonstrating to each side that the other side desires mutual disarma-
ment more than alternative outcomes, If participants in a Perceptual
Dilemma are operating to maximize individual utility, they have every
reason to reciprocate any disarmament initiatives made by the other
party. Once both sides have discovered that mutual disarmament is
individually and collectively optimal, the situation is transformed into a
game of cooperation and the dilemma is solved. In contrast, mutual
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disarmament is not a stable solution to a Prisoner’s Dilemma. In the
case of a Prisoner’s Dilemma, disarmament initiatives entail a great deal
of risk, because either side can always defect from the “solution” to
improve individual utility.

The present research was designed to compare the success of two
strategies, Status Quo and Disarmament Initiatives, in resolving con-
flict once subjects have been locked into either a Perceptual Dilemma or
a Prisoner’s Dilemma. The Status Quo strategy, also known as tit-for-
tat or matching, mirrored whatever choice subjects made on the imme-
diately previous trial (for empirical evidence supporting the reciprocal
nature of the nuclear arms race, see Eckhardt and White, 1967, Gamson
and Modigliani, 1971; Holsti et al., 1964; Sivard, 1983: 14; Ward, 1982).
The Disarmament Initiatives strategy preceded matching with a fixed
period of unconditional cooperation. To previde a particularly stringent
test of how well these strategies succeeded in inducing cooperation, all
subjects were informed before the game that the other person would
probably attempt to outperform them, an expectation that often
impedes conflict resolution (Hogan et al., 1973; Kelley and Stahelski,
1970; Kuhlman and Wimberley, 1976; Maki and McClintock, 1983;
Messe and Sivacek, 1979; Miller and Holmes, 1975; Tedeschi et al.,
1968). Two hypotheses were advanced: (a) under the Status Quo
strategy, competitive attitudes, emotions, and behavior would be
sustained in both the Prisoner’s Dilemma and the Perceptual Dilemma;
and (b) the Disarmament Initiatives strategy would produce significantly
more cooperation among subjects locked in a Perceptual Dilemma than
those in a Prisoner’s Dilemma.

METHOD

Overview. Subjects were informed that they would be participatingin
a two-person experiment on decision making. They were told that a
student from a rival university had been recruited to play the other role
that day, and that the other person would interact with them via com-
puter from a room down the hall. In reality, there was no other partici-
pant. Subjects played a 30-trial, 2-choice non-zero-sum game against
one of two computerized strategies. After a 10-trial run of competition
designed to lock subjects into conflict, the computer executed either:
() the Status Quo strategy, which matched subjects’ responses from
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immediately previous trials; or (b) the Disarmament Initiatives strategy,
which disarmed unconditionally for 10 trials and matched thereafter.
Depending upon their experimental condition, subjects were shown in
advance either the payoff matrix in Table 1 (Prisoner’s Dilemma) or the
payoff matrix in Table 2 (Perceptual Dilemma; subjects slotted in the
Row position), with the caveat that the computer might modify the
payoffs somewhat according to experimental conditions.' Subjects were
instructed to monitor their trial-by-trial feedback to learn the exact
consequences of each outcome. For the half who were presented with
Table 2 (Perceptual Dilemma), the computer actually utilized the
payoffs displayed in Table 3. Subjects who were presented with Table |
(Prisoner’s Dilemma) did indeed receive the payoffs contained in Table 1.
To further simulate a competitive environment, all subjects were warned
prior to the game that students from the rival university often attempted
to obtain higher payoffs than those received by Stanford students. Once
the game ended, subjects completed a large number of post-task
measures and were invited to a group debriefing session. In sum, after
the initial 10 trials of unconditional armament, the present study
involved a 2 X 2 (Perceptual Dilemma/ Prisoner’s Dilemma X Status
Quo/Disarmament Initiatives) factorial design, balanced with an equal
number of males and females in each of the four conditions.

Subjects. In order to fulfill a course requirement, 42 students from the
introductory psychology course at Stanford University participated. In
addition, subjects had the opportunity to earn small monetary bonuses
contingent upon task performance. Two subjects were excluded from
the analysis, one for failing to comprehend the instructions and the
other because of an apparatus failure, leaving a total of 10 subjects per
condition. An equal number of males and females were assigned to each
of the four experimental conditions, but because sex differences were
not observed on any measures, data from both sexes were combined in
subsequent analyses.

1. Because the external validity of experimentally induced dilemmas is dependent
upon how well they approximate perceived outcome utilities in the nuclear arms race, the
payoff matrices used during the experiment are based on responses from the United States
Senate. The reasons for introducing the matrix as probable, rather than certain, are
twofold: (1) perceived outcome utilities in the nuclear arms race are also uncertain, and (2)
after the first trial of the experimental task, subjects in a Perceptual Dilemma could see
that they were not receiving the exact payoffs contained in Table 2. Of course, to the degree
that hypothesized outcome utilities are so easily disconfirmed, the experimental situation
differs from field settings.
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Preliminary questionnaire. Several days or weeks prior to the exper-
iment, subjects completed a survey on self-perceptions and perceptions
of the United States and the Soviet Union. The survey, embedded in a
packet of unrelated questionnaires, was administered as part of a survey
packet routinely distributed in the introductory psychology course,
thereby removing any obvious connection to the present research. Only
students who had completed the questionniare were eligible to partic-
ipate in the experiment, so as to allow a comparison between prior
survey responses and behavior during the experiment.

Included in the survey were two questions on how much the Soviet
and American governments can be trusted, one question on which
superpower has been more aggressive militarily since World War 11, five
questions on situational and dispositional attributions for the nuclear
arms race, two questions on self-perceptions of trust, and a final section
on utility estimates for different outcomes associated with the nuclear
arms race. This final section asked students to indicate on a scale from
-10 (worst possible) to +10 (best imaginable) what the consequences
would be if: (a) the United States and the Soviet Union significantly
reduced their nuclear arsenals, (b) only the United States made signifi-
cant reductions, (c) only the Soviet Union made significant reductions,
or (d) both countries maintained their present courses. Students esti-
mated the consequences of these four situations first for the United
States and second, in an attempt to take the perspective of a Soviet
citizen, for the Soviet Union. '

Procedure. As subjects arrived individually for the experiment, they
saw a notice for “Stanford subjects,” posted on the laboratory, which
read

this experiment is unique in that it pairs Stanford students with Berkeley students
as part of an ongoing research exchange program. Unfortunately, the extra coordi-
nation demanded by pairing two participants in two separate rooms occasionally
leads to short delays. This has been taken into account, and you need not worry
about the experiment ending on time.

To allow subjects enough time to read the sign, the experimenter
appeared a few minutes late. The experimenter explained that he had
just finished giving instructions to the other participant, and that he was
now ready to deliver instructions to the subject. In actuality, there was
no other participant. Subjects interacted with a computer prepro-
grammed to respond with a particular strategy.



12 JOURNAL OF CONFLICT RESOLUTION

Subjects were escorted into a large laboratory containing four cubicles
and were presented with the following taped instructions:

As you probably know, the field of computer networking has been growing in
recent years. This experiment concerns the way in which joint decision making and
social perceptions are affected when people interact through a computer link
instead of in person. During the experiment, you will interact with another person
via computer in a decision making task that has certain payoffs on each trial.
(Please consult the table in front of you.) You will not be able to control the specific
payoff by yourself. Rather, the outcome will depend as much on what the other
person does as on what you do. After the experiment, the computer will transiate
your total number of payoff points into money, based on how many positive points
you earn and how many negative points you avoid. Any money that you earn will
be paid to you in cash immediately after the experiment, and in no case will you lose
any money. Your job, then, is to maximize the number of points you gain and
minimize the number of points you lose.

The task works as follows. For each trial, the two choices open to both of you are to
type an “A™ into the computer or to type a “B” into the computer. This yields four
possible outcomes for any one trial: you and the other person both choose “A”, you
and the other person both choose “B”, you choose “A” and the other person
chooses “B”, or you choose “B” and the other person chooses “A™. Every trial will
begin by asking you to estimate, on a scale from 0 to 100, what the chances are that
the other person will choose an “A™ response. (Don't worry, the computer will
explain how to make ali ratings when they come up.) This rating is confidential;
your estimate will not be disclosed to the other person, and you will never see the
other person’s estimates. Next, you and the other person will type in your choice of
“A* or “B”. Once both of you have typed in a choice, the computer will calculate
your payoffs for that particular outcome. The payoffs awarded by the computer
vary in different conditions of the experiment, but the table in front of you lists a
close approximation of what they will be. After every trial, the computer will
display the choices made by you and the other person, the exact payoffs for each of
you on that trial, and the total number of points you and the other person have
earned thus far.

Depending upon condition, subjects received a copy of either the
payoffs shown in Table 1 (Prisoner’s Dilemma) or the payoffs shown in
Table 2 (Perceptual Dilemma, with subjects always slotted in the row
position). At the conclusion of the experiment, all positive point totals
were converted into cash at the rate of one penny per point. Although
words that relate to competition, games, or the nuclear arms race did not
appear during the experimental task, the reader may think of an “A”
response as “Armament” and a “B” response as “Disarmament.™

2. For clarity of exposition, armament will refer to what is customarily known as
“competition” or “defection,” and disarmament will refer to what is usually labeled as
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After receiving the instructions, subjects completqd a short quiz on
the payoffs for each of the four outcomes contained in the fnamx they
were given. The purpose of this quiz was to ensure that subjects under-
stood the system of payoffs. Subjects then answe'red three pret‘ask
questions on how they were feeling, while the experimenter ostensibly
left to administer some final instructions to the other participant.

To stimulate a competitive atmosphere, subjects were given the
following advice immediately preceding the experimental task:

Let me give you one last warning before you begir‘l th(; experimental task. You
might have already guessed this, but I'll just mention it to make sure t!ee otl.xcr
person doesn’t take advantage of you. We have found that, when participating with
Stanford students, students from Berkeley often choose the “A” response. It looks
like the reason for this has been to gain a higher payoff than Stanford students—the
payoff if you choose “B” and the other person chooscg “A” That 1s"not to say that
the person you are interacting with today will necessarily choose “A”, but 1thought
you might want to know this background before you start. Okay, you have the

go-ahead to begin.

The experimental task lasted for 30 trials. On the first 10. trials, the
computer chose an “A” response regardless of what thg subject chosg.
These responses served the dual purpose of conﬁ.rr.mng the experi-
menter’s warning and inducing an initial predisposition toward com-
petition. Thereafter, the computer executed one of two strategies:
(a) Status Quo, in which the computer ‘cho§e whatever response tt.1e
subject selected on the previous trial; or (b) Dlsarma}ment'lnxtlatlves, in
which the computer disarmed unconditionally during tna!s 11-20 and
matched the subject’s previous choices during the final 10 tylals. Payoffs
were as stated for subjects assigned to a Prisoner’s Dllemma.. For
subjects exposed to a Perceptual Dilemma, the payoff§ shqwn in the
feedback statements following each trial were those contained in Table 3,
rather than Table 2 as subjects were led to believe. Thus, the “o'ther
person” received the same set of payoffs as did the experimental subject.

On each trial, subjects made two responses. First, they were asked to
predict what move the other person was likely‘to choose. The computer
elicited this rating with the following instructions:

“cooperation.” As in all game research, the heuristic value of thes_e labels should not be
confused with external validity; the correspondence between experimental games and the
nuclear arms race is itself an area of substantive research.
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On ascale from 0 to 100, please estimate what you feel the chances are that the other
subject will choose “A” on the next trial. A rating of 100 would indicate that you are
100% confident that he or she will choose “A™, a rating of 0 would indicate that you
have 0% confidence he or she will choose “A” (or 1009 confidence that the other
subject will choose “B"), and a rating of 50 would indicate that you feel the chances
of an “A” move and a “B” move are exactly equal. In other words, any rating above
50 means that you feel the other person will probably choose “A™, and any rating
below 50 means that you feel he or she will probably choose “B”, PLEASE ROUND
OFF YOUR RATINGS TO THE NEAREST NUMBER ENDING IN ZERO
(0, 10, 20, 30, 40, 50, 60, 70, 80, 90, or 100). All estimates will be held in strict con-
fidence—at no point during or after the experiment will you or the other person see
each other’s ratings.

Essentially, then, subjects used an 11-point scale (all multiples of 10
bounded by 0 and 100), yet the numbers intuitively corresponded to
subjective probabilities (the perceived probability of an “A” response).
Next, subjects indicated their own move by typing either an “A” or a
“B”. After asuitable delay to give the impression that the computer was
waiting for a response from the other person, an announcement of each
person’s move and subsequent payoff appeared on the screen, along
with the cumulative point totals for each side.

After every tenth trial, subjects were asked to rate their affect accord-
ing to the following instructions:

On ascalefrom 1 to 9, please rate how good you are feeling right now. A rating of 9
would indicate that you are feeling very, very good, a rating of | would indicate that
you are not feeling good at all, and a rating of 5 would indicate that you are feeling
exactly neutral, neither good nor bad.

They also did the same for ratings of anger and frustration. When
combined with identical estimates that were elicited before the experi-
mental task, these ratings afforded four repeated measures of three types
of affect throughout the experimental period.

Following the thirtieth trial, subjects were told that they would be
entering a new phase of the experiment in which “you will not be
informed of the other person’s choice of the payoffs you earn [but] the
other person will continue to learn what you are choosing.” They then
estimated the probability that the “other person” would arm on the
upcoming trial and selected “A” or “B” as before. In fact, although the
subjects had no way of knowing it at the time, the new phase lasted for
only one trial. The purpose of this special “thirty-first trial” was to assess
how much subjects trusted the other person to disarm in the absence of
verification.

>
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At the conclusion of the experimental task, subjects answered several
multiple-choice and short-answer questions concerning the ta.sk and the
other person. They also responded to five open-ended questions: (f:l) If
you had an opportunity to communicate directly with the other suquct,
what would you tell that person? (b) What strategy did you use during
the experimental task? (c) Did the experimental task remind you of any
other situations you’ve encountered or read about? (d) Have you ever
heard of a Prisoner’s Dilemma? If so, please try to define it as best you
can; and (¢) Please write any other questions or comments that you pave
regarding this experiment or the other person. Finally, each subject’s
data file was briefly reviewed, and the experimenter inquired about any
atypical responses. These free responses provided a useful forum for the
discussion of matters not directly addressed in the present design.

Once subjects had finished, the computer displayed one of two thank-
you messages. If the cumulative point total was positive, the computer
issued congratulations and displayed the bonus amount earned; subjects
were then paid this amount in cash. If the cumulative point total was not
positive, the computer announced that no bonus amount would be'pald,
but that subjects would still receive full credit for participating in the
experiment.

Debriefing was accomplished not only by revealing that the “other
person” was fictitious, but by: (a) explaining the necessity of the'decep-
tion; (b) stressing the amount of planning that went into mak}ng the
deception believable, such as the computer delays after each trial that
gave the impression another person was making ratings; and (c) men-
tioning that none of the other participants had detected any deccpthn.
Subjects were asked not to discuss the details of the experimer.lt with
anyone, they were invited to return for a copy of the results c}urlpg the
upcoming year, and they were thanked for their participation in the
study.

RESULTS

Within both a Prisoner’s Dilemma and a Perceptual Dilemma, the
Status Quo strategy maintained highly competitive behavior. The Dis-
armament Initiatives strategy, although insufficient to resolve the con-
flict inherent in a Prisoner’s Dilemma, produced significant increases in
cooperation among subjects locked in a Perceptual Dilemma.
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Arming responses. Figure 1 contains the mean level of arming
responses within 5-trial blocks. No significant differences among condi-
tions were observed during the initial two blocks, in which the computer
armed regardless of condition or subject behavior. At the end of the
second trial block, subjects in both the Status Quo conditions and the
Disarmament Initiatives conditions averaged 4.4 arming responses in
the preceding 5 trials.

As hypothesized, subjects in the Status Quo conditions continued to
arm at a high rate (M = 90%) throughout the remaining 20 trials, even
though the computer was programed to reciprocate immediately any
moves to disarm. Thus, once subjects had been competitively predis-
posed and had been confronted with an early run of arming responses,
they persisted in arming—despite visual feedback announcing their
point losses after each trial, despite the fact that the initial arming they
encountered could have been explained as defensive rather than aggres-
sive in nature, and despite the fact that subjects in a Perceptual Dilemma
shared a preferred outcome (mutual disarmament) with their presumed
adversary.

In the Disarmament Initiatives conditions, the computer uncondi-
tionally disarmed during the third and fourth trial blocks. By the end of
the fourth block, the number of arming responses by subjects in a
Prisoner’s Dilemma had fallen to approximately half (M = 48%).
Among subjects in a Prisoner’s Dilemma, unconditional disarmament
therefore produced more disarming responses in the fourth block
(M = 2.4) than did the matching strategy of the Status Quo (M = 4.3},
1(18)=2.62, p <.01, yet the disarmament was far from complete. Within
the fourth block, seven of the ten subjects in the Disarmament Initia-
tives/ Prisoner’s Dilemma condition continued to arm while the com-
puter disarmed.

In contrast, seven of the ten subjects in a Perceptual Dilemma
responded to disarmament initiatives with disarmament on all five trials
of the fourth block, and the average probability of arming responses for
these ten subjects fell from 78% in the second block to 20% in the

-fourth block. Unconditional disarmament for subjects in a Perceptual
Dilemma produced an average fourth-block arming rate significantly
lower (M = 1.0) than the corresponding rate for subjects in a Prisoner’s
Dilemma (M =2.4), 1(18) = 1.93, p < .05.

More important, however, is what occurred in the final two blocks
when the matching strategy was instated. For subjects in a Prisoner’s
Dilemma, periodic attempts at exploitation were met with reciprocal
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Figure 1: Number of Arming Responses by Experimental Condition

arming responses by the computer and led to a competitive spiral in
several cases. Arming responses rose to 68% by the sixth. block, nqt
significantly different from subjects in the Status Quo /Pnsox.aer"s .Dl-
lemma condition (M = 86%), #(18)= 1.14, n.s., and apparently still rising.
Subjects in Disarmament Initiatives/ Perceptual Dilemma condition
had little incentive to arm, however, and arming responses fell to a
terminal rate of 12% in the final 10 trials. Of the 10 subjects in a Percep-
tual Dilemma who had been exposed to disarmament initiatives, only 1
continued to arm steadily throughout all 30 trials. When interviewed
after the experiment, this subject explained her behavior as an attempt
to maximize the difference between her earnings and those of the alleged
Berkeley student. Because she did not view mutual disarmament as the
most desirable outcome, then, her perceived utilities may .bc better
approximated by a Prisoner’s Dilemma than a Perceptual Dilemma.

Subjective probability estimates. As displayed in Figure 2, subjective
probability estimates that the “other person” would arm closely
resembled the results in Figure 1. By the end of the second trial block,
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subjects in all four conditions estimated an average probability of
between 80% and 90% that the “other person” would arm on the
following trial. For the remaining 20 trials, subjective probability esti-
mates for subjects in the Status Quo conditions averaged 93%. In the
Disarmament Initiatives conditions, subjects showed a linear decline in
average probability estimates during the third and fourth blocks (to a
low of 22%)), followed by a sharp increase (to 61%in the final block) for
subjects in a Prisoner’s Dilemma and a nonsignificant increase (to 27%
in the final block) for subjects in a Perceptual Dilemma. Once the
matching strategy had been instated after unconditional disarmament,
subjects in a Prisoner’s Dilemma (correctly) anticipated that the “other
person” would choose armament, while subjects in a Perceptual Di-
lemma (correctly) expected the “other person” to continue disarming,

Trust. On a special “thirty-first trial,” subjects were told that from
then on only the other person would receive feedback concerning the
choices made by each participant. By removing subjects’ capability for
verification, a belief that the “other person” would disarm (whether
for humanitarian reasons or out of self-interest) became necessary for
disarmament. Not surprisingly, 17 of 20 subjects in the Status Quo
conditions armed on the thirty-first trial, with an average subjective
probability estimate of 88% that the “other person” would arm. Of the
ten subjects in the Disarmament Initiatives/ Prisoner’s Dilemma condi-
tion, nine also chose armament, averaging a 73% estimate that the
“other person” would arm. In the Disarmament Initiatives/ Perceptual
Dilemma condition, however, nine out of ten subjects chose disarma-
ment, and the average probability estimate was 389 (the lone subject
who chose armament is the individual mentioned previously who had
armed throughout the 30-trial interaction; accordingly, her probability
estimate was 1009%). The pattern that emerges is one in which subjects
who received disarmament initiatives in the context of a Perceptual
Dilemma trusted that their counterpart would disarm, so they them-
selves disarmed. Conversely, subjects in the other three conditions
believed that the “other person” would arm, so they themselves armed.
Disarmament initiatives produced trust (disarmament in the absence of
verification) in the context of a Perceptual Dilemma, but not in the
context of a Prisoner’s Dilemma.

Affect. Subjects were asked to rate on a scale from 1 to 9 how good,
how angry, and how frustrated they felt immediately prior to the 30-trial
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Figure 2: Subjective Probability Estimates That the ‘‘Other Person” Would Arm on
the Next Trial

interaction, after the first 10 trials, after the second 10 trials, and after
the final 10 trials. Because the three mood ratings were typically found
to correlate between .50 and .70, they were combined to form a com-
posite measure of affect.3 Figure 3 depicts mean changes in affect for
each of the four conditions.

As can be seen, mood in all four conditions declined during the initial
10 trials of unconditional armament (M = -3.1 scale points), #(39) = 4.62,
p<.001. Although subjects in the Status Quo/ Prisoner’s Dilemma con-
dition rated their moods somewhat more positively (M = -0.3 averaged
over time) than other Status Quo subjects (M = -3.0), this trend was
not significant, 1(18) = 1.46, n.s., nor were differences among condi-
tions before the experimental interaction (all M between —0.7 and 2.3),
F(3, 36) = 1.01, n.s., or after the first 10 trials (all M between —0.7 and
-3.1), F(3, 36) = .45, n.s. Following the decline in mood during the first

3. The composite was formed by subtracting the measures of anger and frustration
from the rating of how good subjects were feeling.
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10 trials, subjects in the Status Quo conditions tended to maintain or
slightly intensify their negative feelings. Subjects who were exposed to
disarmament initiatives, on the other hand, showed strong positive
changes in self-rated affect (M =5.3), #(19) =4.70, p <.001. Indeed, mood
ratings for these subjects were higher after having been exposed to
disarmament initiatives (M = 2.3) than they were immediately before the
30-trial interaction began (M =0.5), 1(19) = 2.27, p <.05. Apparently, the
experimental interaction was an emotional experience for many of the
subjects, even though any overt connection to the nuclear arms race was
removed and the stakes were relatively small.

Two additional bodies of evidence support the emotional quality of
the experimental interaction: (a) correlations between mood ratings and
certain postinteraction measures; and (b) spontancous comments
offered by several subjects. Pre- to postinteraction decrements in mood
correlated highly with later estimates of the percentage of arming
responses by the “other person,” r(39) = .60, p < .001, ratings of how
cooperative the “other person™ turned out to be, r(39) = -.59, p< .001,
whether or not the subject armed on the thirty-first trial, 7(39) = .54,p<
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.001, the subjective likelihood that the “other person” would arm on the
thirty-first trial, r(39) = .48, p <.005, and ratings of how responsive the
“other person” was seen to be, r(39) = -.38, p < .02. After the
experimental interaction, a number of subjects offered affect-laden
comments about the “other person” and the interaction, including: “If I
was in the same room with the other person I probably would have killed
them {sic] by now,” “I felt he was trying to make me mad, ” and “R
became an ego battle after the first fifteen trials and I didn’t particularly
care to lose.” Coupled with the pattern of results shown in Figure 3,
these comments and correlations suggest that many of the emotional
overtones inherent in the nuclear arms race were amply reproduced in
the laboratory.

Generalization. Further support for the external validity of the labo-
ratory situation can be found in postinteraction ratings subjects made
concerning their general impressions of the alleged Berkeley student.
Specifically, subjects who had received disarmament initiatives within
the context of a Perceptual Dilemma evaluated the Berkeley student
more favorably than did subjects in the other three conditions (as
revealed by planned contrasts). Compared with other subjects, indi-
viduals in the Disarmament Initiatives/ Perceptual Dilemma condition
rated the “other person” as more honest, (M = 7.0 versus 5.6), F(1, 36)=
7.24, p < .02, more similar in outlook and behavior to themselves
(M =17.2versus 5.0), F(1, 36)=9.36, p <.005, more desirable as-a friend
(M = 6.7 versus 4.8), F(1, 36) = 8.76, p < .01, and more responsive
(M = 4.8 versus 2.6), F(1, 36) = 4.97, p < .05. Thus the effects of dis-
armament initiatives upon subjects locked in a Perceptual Dilemma
strongly generalized to the domain of social perception.

Perceived versus actual control. In terms of actual control over the
“other person’s” behavior, subjects in the Status Quo conditions faced
10 trials of unconditional armament and 20 trials of response-contingent
matching. Hence, they were able to influence what the “other person”
chose on a total of 20 trials. In the Disarmament Initiatives conditions,
subjects were exposed to 10 trials of unconditional armament, 10 trials
of unconditional disarmament, and a final 10 trials of matching. Conse-
quently, subjects in the Disarmament Initiatives conditions were able to
influence the “other person” on only half as many trials as subjects in the
Status Quo conditions.

In terms of perceived control, the results were just the opposite.
Compared with subjects in the Disarmament Initiatives conditions,
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subjects in the Status Quo conditions indicated after the interaction that
they had felt less control over the ultimate outcome (M = 2.9 versus 4.9),
F(1, 36) = 10.86, p < .005, and less choice in their responses (M = 1.7
versus 4.2), F(1,36) = 16.43, p<.001. Whereas subjects in the Disarma-
ment Initiatives conditions felt that they and the “other person” had
wielded approximately the same amount of choice in response options
(M =4.2forself and 4.5 for other), subjects in the Status Quo conditions
perceived the “other person” as having had greater choice than they had
in whether to arm or disarm (M = 1.7 for self and 4.4 for other), F(1,36) =
7.19, p <.02. In general, the restriction of choice subjects perceived for
themselves was strongly related to estimates of the percentage of arming
responses made by the “other person,”r(39) =.61, p <.001, yet perceived
limitations in the “other person’s” choices were not significantly corre-
lated with subjects’ estimates of the percentage of their own arming
responses, /(39) = .23, n. s. Reminiscent of the nuclear arms race, subjects
in the Status Quo conditions felt compelled to arm in response to the
“other persons’s” armament, but they did not perceive the continuation
of their own armament as creating similar constraints for the “other
person.”

Overconfidence in misperceived strategies. After the experimental
interaction, subjects were asked to read through a list of strategies and
indicate the one strategy that came closest to describing the other
person’s behavior during the interaction. Of the 20 subjects who had
received disarmament initiatives, 16 correctly identified that the “other
person” had begun with armament and later switched to disarmament.
When asked to indicate (on a scale from 0% to 100%) how confident they
were that they had accurately described the “other person’s” strategy,
these subjects averaged 68%, a moderate degree of confidence by most
standards (Fischhoff et al., 1977; Lichtenstein et al., 1982).

Of the 20 subjects in the Status Quo conditions, 15 subjects erron-
eously believed that the “other person’s” strategy was to arm “pretty
much regardless” of what they did, 2 subjects correctly identified that
the “other person” had begun with armament and later matched what
they had chosen on previous trials, and 3 subjects incorrectly identified
other strategies that they believed the “other person” had executed.
Because the majority of subjects in the Status Quo conditions had armed
throughout the period in which matching was introduced—and there-
fore had no logical basis for discriminating between 30 trials of uncon-
ditional armament versus 10 trials of unconditional armament followed
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by 20 trials of response-contingent matching—it is particularly note-
worthy that three-fourths of the subjects felr as though there was
nothing they could do to terminate the “other person’s” armament. Nor
were these misperceptions lightly held. The mean confidence rating was
95% for subjects who believed that the “other person” had armed more
or less unconditionally, compared with 709 for the two subjects who
had correctly identified the “other person’s” strategy and 839% for the
three remaining subjects. On the whole, subjects in the Status Quo
‘conditions strongly believed that the “other person” had pursued a
course of unrelenting armament.

Personality and attitudinal correlates of armament. The relationship
between armament and certain relevant personality or attitudinal vari-
ables was assessed using data from a survey administered well in advance
of the experimental session. The purpose of this analysis was to see, for
example, whether subjects who viewed themselves as trusting, or who
viewed mutual disarmament as valuable, would be less likely to choose
armament than subjects who did not hold such views. Among other
things, the survey asked respondents to rate the following four person-
ality and attitude dimensions on a scale from 1 to 9: (a) their general
willingness to trust compared with most people; (b) their general willing-
ness to trust compared with their willingness a year earlier; (c) the degree
to which the Soviet government can be trusted; and (d) hypothetically,
the degree to which respondents would want to end the nuclear arms
race if they were elected president of the United States. Subjects also
completed American and Soviet utility estimates for the same four
arms-race outcomes as the computer had simulated, to see if, for exam-
ple, subjects who attached the highest utility to mutual disarmament or
the lowest utility to mutual armament would be less likely to perpetuate
mutual armament in the experimental interaction. These eight utility
estimates and the four personality/attitude measures were correlated
with eight indices related to armament: (a) whether or not subjects
armed on the first trial (before encountering armament from the “other
person”); (b) subjective probability estimates that the “other person”
would arm on the first trial (also before any feedback); (c) the number
of arming responses made during the first trial block; (d) average sub-

jective probability estimates that the “other person” would arm during
the first trial block; (¢) the total number of arming responses; (f) average
subjective probability estimates that the “other person” would arm
throughout all 30 trials; (g) whether or not subjects armed on the special
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thirty-first trial; and (h) subjective probability estimates that the “other
person” would arm on the thirty-first trial.

The correlations are shown in Table 4. Only the first-block indices of
armament were significantly correlated with personality and attitude
measures, Total arming responses during the first five trials were nega-
tively related to the degree subjects felt they could trust the Soviet
government, r(39)=-.37, p < .05, their estimates of the American utility
of mutual disarmament, r(39) = -.30, p < .05, and their estimates of the
Soviet utility of mutual disarmament, r(39) = -.31, p <.05. First-block
arming responses were also positively associated with estimates of the
Soviet utility of mutual armament, r(39) = .35, p < .05. Average prob-
ability estimates that the “other person” would arm during the first trial
block were correlated with estimates of both the American utility of
unilateral armament, r(39) = .39, p < .05, and the Soviet utility of
unilateral armament, r(39) = .39, p <.05. Arming responses and expec-
tations on the first trial (in the absence of feedback), as well as behavior
after subjects had been exposed to unconditional armament, were un-
related to personality and attitude measures.

Although the modest size and small number of significant correlations
in Table 4 warrant caution in interpretation—among 96 correlations, five
would be expected to reach the .05 level of significance by chance
alone—the results follow a consistent pattern. Only during the early trials
of the experimental interaction, when subjects first encountered an arm-
ing counterpart, were the reciprocation and expectation of armament
related to prior utility estimates for arms-race outcomes. Prior beliefs
were unrelated to first-trial behavior (in the absence of feedback), and
they quickly became immaterial once situational constraints took hold.

DISCUSSION

Hypotheses. This study was designed to test two hypotheses: (a) that
the Status Quo strategy would sustain competitive behavior, attitudes,
and emotions in both the Prisoner’s Dilemma and the Perceptual
Dilemma; and (b) that the Disarmament Initiatives strategy would
foster significantly more cooperation among subjects locked in a
Perceptual Dilemma than those in a Prisoner’s Dilemma. Both of these
hypotheses were strongly supported. After an initial run of arming
responses by what appeared to be an aggressive adversary, subjects in
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the Status Quo conditions continued to arm at very high rates for the
remainder of the experimental interaction, even though any moves to
disarm would have been reciprocated immediately. They also continued
to believe that the “other person” was intent on arming, and they
displayed significant declines in self-rated mood during the course of the
interaction.

For subjects exposed to disarmament initiatives after the preliminary
round of competition, the story was much different. Although the
terminal rate of arming responses for subjects in a Prisoner’s Dilemma
did not differ from rates found in the Status Quo conditions, arming
responses among subjects in a Perceptual Dilemma were, with the excep-
tion of one subject, virtually eliminated. Moreover, unlike subjects in the
Disarmament Initiatives/ Prisoner’s Dilemma condition, subjects in the
Disarmament Initiatives/Perceptual Dilemma condition tended to be-
lieve that the “other person” would choose disarmament on upcoming
trials. Following exposure to unconditional cooperation, subjects in the
Disarmament Initiatives conditions showed significant positive changes
in self-rated affect, especially among subjects in a Perceptual Dilemma.
There is some evidence, too, that early armament and the expectation of
armament were related to prior utility estimates for arms-race outcomes,
lending additional support to the external validity of the experimental
interaction.

Further support for the experimental hypotheses extended beyond the
30-trial interaction. On a special “thirty-first trial,” in which subjects were
told that only the other person would receive feedback concerning the
choices made by each participant, only 1 of 10 subjects in the Disarma-
ment Initiatives/ Perceptual Dilemma condition armed, compared with
26 of 30 subjects in the other three conditions. Subjects in the Disarma-
ment Initiatives/ Perceptual Dilemma condition also perceived the “other
person” as more honest, more similar to themselves, more desirable as a
friend, and more responsive than did subjects in the other three condi-
tions. The latter set of findings is particularly dramatic for a number of
reasons. First, the interaction between subjects and the alleged “other
person” was brief (usually 15-20 minutes), remote (subjects never saw the
“other person”), and limited (no words were ever spoken; the interaction
was limited exclusively to choices of “A” and “B”). Second, the measures
concerning social perception were broad single-item ratings, rather than
more specific (and typically more sensitive) multi-item inventories.
Third, the observed differences in social perception were robust enough
to reach conventional levels of significance with relatively small sample
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sizes. Fourth, and most important of all, there was never any “other
person”to begin with, Subjects judged not another person, but a series of
responses based largely on their own conduct (see Snyder, 1984, on the
self-fulfilling nature of social beliefs).

Mechanisms. Once initial predispositions were confirmed with an
early run of arming responses by the “other person,” subjects in the
Status Quo conditions unwittingly forced the “other person” to con-
tinue emitting the behavior they sought to avoid. Armament by the
“other person”in turn reinforced subjects’ initial predispositions, lead-
ing them to believe (erroneously) with high confidence that the “other
person” would arm regardless of their own behavior and that they had
little control over the outcome. An “actor-observer bias” developed
(Jones and Nisbett, 1971), in which subjects attributed greater choice to
the “other person”than to themselves; the restriction of choice subjects
perceived for themselves was strongly related to estimates of the percent-
age of arming responses made by the “other person,” whereas estimates
of the percentage of their own arming responses were not associated
with perceived limitations in the “other person’s” choices.

A simplified “dual-spiral” schematic of these mechanisms appears in
Figure 4. Subjects in the Status Quo/Perceptual Dilemma condition,
who were predisposed to avoid unilateral disarmament but did not seek
unilateral armament, began the interaction by arming to defend against
a perceived threat. As a consequence of the Status Quo strategy, this
armament triggered reciprocal armament by the “other person,” thereby
increasing the original perceived threat and forcing subjects to continue
arming. The left half of Figure 4 therefore represents a “defensive” spiral
in which the Status Quo served to facilitate armament.

Subjects in the Status Quo/ Prisoner’s Dilemma condition may have
acted either to avoid unilateral disarmament or to seek unilateral arma-
ment. Because the Status Quo strategy did not leave the “other person”
open to systematic exploitation, however, the role of the “aggressive”
spiral shown in the right half of Figure 4 was minimized. Still, in the
context of a Prisoner’s Dilemma it is impossible to distinguish between
defensive armament and aggressive armament unless the other side
disarms, providing the first side with an opportunity for unilateral
armament.

In the Disarmament Initiatives conditions, subjects were presented
with just such an opportunity. For 10 consecutive trials, the connection
between their armament and defensive armament by the “other person”
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Figure 4: Dual-Spiral Schematic of the Nuclear Arms Race

was withheld. Within a Prisoner’s Dilemma, subjects responded to the
“other person’s” disarmament initiativss by seeking pnilateral arma-
ment on approximately half of the trials.” For those subjec,ts'who sought
only to avoid unilateral disarmament, the “other person’s’ dlsarm.amem
initiatives preempted a defensive spiral and were enough to induce
cooperation for the remainder of the interact'lon. For sul?_]e'c'ts .who
occasionally exploited the “other person’s” dlsarmamept initiatives,
though, the introduction of matching during the final 10 trials facilitated
a defensive spiral, substantially raising the total level of armament,

4. This figure corresponds well to other studies that have employed unconditional
cooperation within the context of a Prisoner’s Dilemma (see Rapoport et al., 1976).
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Unfortunately, one property of the dual-spiral schematic is that the
introduction of matching makes it impossible to tell defensive armament
from aggressive armament; had the “other person” been human, he or
she would have had no way of knowing that the subject’s armament had
become defensive. Aggressive armament is dangerous not only because
it can lead to defensive reactions, but because defensive armament often
leads to tenacious defensive spirals (Jervis, 1976). \

In the Disarmament Initiatives/ Perceptual Dilemma condition, sub-
jects had little incentive to seek unilateral armament. Thus, when defen-
sive armament by the “other person” was withheld, subjects were
unlikely to initiate aggression and were not faced with any armament
against which they had to defend. Neither the defensive nor the aggres-
sive spiral became operational, and mutual disarmament was quickly
reached.

Limitations and Extensions. The dual-spiral schematic of the nuclear
arms race is unquestionably oversimplified, as are game-theoretic mod-
els in general (Snidal, 1985; Snyder and Diesing, 1977). There are more
than two spirals in the arms race, more than two participants, and
certainly more than two response options. In the political arena, the true
status quo does not immediately match each response in kind, the
utilities are not small and fixed, the feedback is not instant and unam-
biguous, and verbal communication is not prohibited. The United
States and the Soviet Union have interacted on far more than 30
occasions, and in fact, the individual participants have changed since the
time relations began.

Some of these limitations are inherent in using a simplified game-
theoretic model to simulate political phenomena, but many others
suggest interesting variations for future research. For example, the
computerized matching strategy could be made less responsive by inter-
changing tit-for-two-tats with tit-for-tat, matching on a probability
basis, or programming changes and alternations in strategy (such as the
inclusion of sporadic arming responses once mutual disarmament had
been reached, to test for robustness). Payoffs could be allowed to
vary, adding “noise” to the underlying utility configuration or actually
changing the initial model (for instance, allowing the accumulation of
arms within a Prisoner’s Dilemma gradually to shift utilities to a Percep-
tual Dilemma, or allowing the reduction of arms within a Perceptual
Dilemma to leave participants in a Prisoner’s Dilemma). For one or
both sides, postinteraction feedback could be periodically withheld,
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degraded, or distorted in a systematic or randomized manner. Decla-
rations of desire or intent could be included, and two subjects, or groups
of subjects, could interact with each other instead of a single subject
interacting with a computerized strategy. Finally, although recent evi-
dence suggests that a Perceptual Dilemma may constitute a more accu-
rate model of the nuclear arms race than a Prisoner’s Dilemma (Plous,
1985), direct utility estimates for arms-race outcomes have not yet been
collected from political leaders in the Soviet Union; until these data are
collected, evidence for the Soviet half of a Perceptual Dilemma will
necessarily remain indirect. These are but a few of the extensions that
await further laboratory and field research.

Implications. Despite their limitations, results from this experiment
imply that an optimal choice of strategy in the nuclear arms race may
depend critically upon the model that best approximates political reality.
If either superpower seeks unilateral armament, then disarmament ini-
tiatives entail a great deal of risk. If, on the other hand, both sides truly
seek mutual disarmament, then disarmament initiatives may be an
individually and collectively optimal strategy.

In the absence of irrefutable evidence supporting one model over
another, political decision makers must not only weigh the consequences
of initiating disarmament if the United States and Soviet Union are not
in a Perceptual Dilemma, but the consequences of continuing to arm if
the superpowers are indeed in a Perceptual Dilemmma. Political leaders
are thus in a “meta-dilemma,” in which their beliefs concerning arms-
race utilities (that is, whether they believe the nuclear arms race is a
Perceptual Dilemma, a one-sided Prisoner’s Dilemma, a two-sided
Prisoner’s Dilemma, or some other pattern of utilities) are crossed with
the empirically elusive true utilities (in other words, the configuration of
utilities that actually underlies the nuclear arms race).

Because of the difficulty in assessing the other party’s true utilities,
the historical trend has been to err on the side of “conservatism” and
assume that the other party does not desire mutual disarmament. Yet
this experiment suggests a relatively safe method of ascertaining super-
power utilities. If a Perceptual Dilemma underlies the nuclear arms race,
then an unambiguous, unconditional, time-limited succession of disar-
mament initiatives will lead to mutual disarmament.’ If disarmament is

5. See Osgood’s (1962) GRIT proposal for some suggestions on how disarmament
initiatives might be effectively carried out.
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not reciprocated under these conditions, a Perceptual Dilemma cannot
account for the current nuclear arms race. With present levels of redun-
dancy in the nuclear arsenals of both superpowers, such a test would
leave the strategic balance unaffected, and there is some evidence that
disarmament initiatives, even if discontinued, may have a salutory effect
on superpower relations (Etzioni, 1967). One thing is certain: in the
absence of disarmament, each side can know only the utilities that
govern mutual armament.
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