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BARGAINING WITH DEADLINES AND IMPERFECT
PLAYER CONTROL

By CHING-TO ALBERT MA AND MICHAEL MaNoOVE!

Anecdotal and experimental evidence suggests that bargaining sessions subject to
deadlines often begin with cheap talk and rejected proposals. Agreements, if they are
reached at all, tend to be concluded near the deadline. We attempt to capture and
explain these phenomena in a strategic bargaining model that incorporates a bargaining
deadline, the possibility of strategic delay, and a lack of perfect player control over the
timing of offers. Imperfect player control is generated by an exogenous uniformly-distrib-
uted random delay in offer transmission. Our model has a symmetric Markov-perfect
equilibrium, unique at almost all nodes, in which players adopt strategic delay early in the
game, make and reject offers later on, and reach agreements late in the game if at all. In
equilibrium players miss the deadline with positive probability. The expected division of
the surplus is unique and close to an even split.

Keyworps: Bargaining, continuous-time games, deadlines, delay, imperfect control,
negotiation, strategic delay.

1. INTRODUCTION

BARGAINING OFTEN OCCURS UNDER THE PRESSURE Of a deadline. The deadline
may be externally imposed, or one of the parties to the negotiation may have
adopted the deadline and made a credible commitment to it. Collective bargain-
ing, contract negotiations, and political and international negotiations are often
subject to such deadlines.

A bargaining deadline may be defined as a point in time after which the
potential value of an agreement is decreased sharply. The existence of a
deadline affects the nature of the bargaining process and its outcome. Roth,
Murnighan, and Schoumaker (1988) found what they call a “deadline effect” in
four separate experimental studies. The setups of their experiments differed in
those aspects that they considered theoretically important. Some of the experi-
ments were based on games of complete information but others were not. Yet
the common and most unexpected result was that a great majority of agree-
ments were concluded near the end of the bargaining horizon in all four
experiments. Surprisingly, delays in agreements were pervasive even in complete
information games. In the authors’ words:

There is a striking concentration of agreements reached in the very last seconds before
the deadline. This “deadline effect” appears to be quite robust, in that the distribution
of agreements over time appears to be much less sensitive to the experimental
manipulations than is the distribution of the terms of agreement.?

! We are very grateful to Motty Perry for extensive discussions of this research and related issues
in bargaining models. We would also like to thank Robert Rosenthal for his generous assistance. We
thank Martin Hellwig and two referees for a considerable material contribution to this paper.

Roth et al. provided other quotations and references that document the deadline effect in
practice. See also Morley and Stephenson (1977, pp. 74-75) for a report of such phenomena in
psychology experiments.

1313



1314 C. A. MA AND M. MANOVE

More generally, casual observations and experimental evidence suggest that
parties who engage in bargaining under a deadline exhibit a complex behavioral
pattern. Not only are delays in agreements very common, but parties may fail to
reach an agreement before the deadline. Agreements also tend to be fairly
moderate even if they are concluded near the deadline. Furthermore, cheap talk
and stalling during the early stages of negotiation are frequently observed. And
the negotiation process often incorporates large numbers of rejections and
counteroffers.?

What brings about this complex pattern of behavior? In a setting of incom-
plete information, the bargaining parties may want to use the time before the
deadline to test one-another and find out what their opponents are willing to
settle for. Consequently, the observed behavior may result from information
gathering and signaling needs. However, both the descriptive literature and the
experimental evidence in Roth et al. suggest that observed outcomes are also
consistent with a complete-information framework,* and it is this question that
we explore here.

In this paper, we construct a complete-information bargaining model whose
equilibrium reflects the following stylized facts: initial delay, moderate offers,
rejected offers, agreements near the deadline, and some failures in reaching
agreement. Our interest, here, is not to make the model highly realistic, but
rather to explore the type of abstract framework that is consistent with generally
observed bargaining behavior.

Many varieties of bargaining models with deadlines appear in the literature;
in fact, any finite horizon bargaining model can be interpreted as such (see Stahl
(1972) and Harrington (1986)). But the standard alternating-offer models pre-
suppose either discounting or probabilistic breakdown, and they uniformly yield
equilibria with immediate agreements (see Rubinstein (1982), and Binmore,
Rubinstein, and Wolinsky (1986), etc.).

To obtain equilibria that conform to the stylized facts, we must add two other
features to the finite-horizon bargaining model. The first of these is strategic
delay. We will say that an alternating-offer model incorporates strategic delay if
a player is permitted to postpone the implementation of his move without losing
his turn. The second assumption is imperfect player control over the timing of
offers during the bargaining session. An exogenous (identically, independently
distributed) random delay is associated with the transmission of each offer. That
is, when each offer is made, a random length of time elapses before the other
player can respond. The surplus is lost if such a random delay carries negotia-
tions past the deadline. In this paper, the random delay is assumed to be
uniformly distributed.

3See Craver (1986) and Williams (1983) for a description of the negotiating process in a legal
context.

*See Craver (1986) for a description of the “information phase” of bargaining (Chapter 6) and
the full-information “distributive phase” (Chapter 7). Williams (1983) Chapter 4 also discusses the
effect of deadlines on negotiations.
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There are several practical interpretations of exogenous random delays. First,
the random delay may be attributed to the actual, physical transmission time of
an offer. For example, parties may have to bargain through an agent, and it may
take time for an agent to relay an offer from one party to another (contacting
the party, explaining the offer to him, etc.). Second, when offers have a complex
or multi-dimensional structure, time may “be needed simply to adjust one’s
thinking to new ideas. Only once the new ideas are comfortably absorbed can
the negotiation proceed.”> For example, the respondent may wish to consult a
lawyer about the implications of the wording, or about the tax advantages of a
payment formula. Of course, the time it takes to understand an offer may be in
part a strategic variable, but in our model we decompose this period to an
irreducible random delay plus a strategic discretionary waiting time.

It is not difficult to show that strategic delay, alone, can induce equilibria with
delayed agreements, even in an extremely simple model. Consider a finite-
horizon alternating-offer model without discounting, and suppose that players
have the option of strategic delay. Then the player who moves at the last
possible time can capture the entire surplus. A player who fails to wait until the
last possible time can expect to lose the entire surplus to his opponent for that
very reason. Thus, the player with the first move will choose to delay until the
end of the game. A small positive discount rate will not affect this decision, but
it will render the outcome inefficient, because the equilibrium delay now lowers
available surplus. However, if the discount rate is sufficiently big, then the
equilibrium strategy is to make an offer at the beginning of the game, and this
equilibrium offer will be accepted.®

Although this simple model supports a delayed-agreement outcome, it cannot
produce equilibrium rejection of offers or the expiration of the deadline without
an acceptance. The no-rejection equilibrium of almost all finite-horizon com-
plete information bargaining games seems to follow from the fact that backward
induction allows a player to compute exactly what the opponent is willing to
settle for. Hence whenever a player intends to make an equilibrium offer, it will
be one that is just sufficient to induce an acceptance.

Equilibrium rejection is readily induced, however, by the incorporation of
uncertainty into the model. Consider the following simple example. There is a
unit surplus to be divided between two players, 4 and B. Only Player A may
make an offer to Player B. If Player B accepts the offer, then they divide the
surplus accordingly. If Player B does not, then Player A4 receives 0 but Player B
receives- his “outside option.” The value of this outside option, unknown to
Player A when he makes the offer, is either .25 or .75, each with probability .5.
In equilibrium, Player B must accept any offer greater than or equal to the
value of his outside option. Therefore, if Player A makes an offer of .75, Player
B must accept it. But if Player A makes an offer of .25, then from Player A’s

SShoenfield and Schoenfield (1988, p. 171).
¢ We would like to thank Martin Hellwig for pointing this out.
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point of view, Player B will reject it with probability .5. (Other offers can never
occur in equilibrium.) The first strategy gives Player A a payoff of .25; the
second, an expected payoff of (1 —.25).5 =.375. So in equilibrium, Player A4
makes the offer .25, which will be rejected with probability .5.

In this example, uncertainty about an opponent’s reaction requires the player
to decide between making a small offer with a positive probability of rejection
and making a larger offer with guaranteed acceptance. Notice that not all
probability distributions of the opponent’s reaction lead to the possibility of
equilibrium rejection. Here, if the probability of Player B’s outside option being
.25 decreases to .33 (or less), then in equilibrium, Player 4 makes a .75 offer,
which will always be accepted.

In our bargaining game, with imperfect control, a player faces a tradeoff when
choosing between a generous and a parsimonious offer: On the one hand, a
generous offer is likely to be accepted even if it arrives very quickly, so that the
associated probability of an acceptance is large. Of course the potential payoff
to the maker of a generous offer is small. A parsimonious offer, on the other
hand, is likely to be rejected unless it arrives near the deadline. Consequently,
the probability of an acceptance is small, though the potential payoff to the offer
maker is large.

When does a player decide to make a generous or parsimonious offer? When
little time is left, a rejection and the ensuing random delay is very likely to lead
to the expiration of the deadline without an acceptance. Furthermore, it takes a
relatively modest offer to secure an acceptance by the opponent. This suggests
that when little time is left, it is optimal to make an offer sufficiently generous
that it will be accepted no matter how soon it arrives. Conversely, when the time
left in the bargaining session is long enough that the exogenous random delay is
unlikely to pass the deadline, a player will find it optimal to send a relatively
parsimonious proposal. Thus, with imperfect player control, offers will be made
and rejected in equilibrium. Moreover, equilibrium acceptance only will occur
sufficiently close to the deadline.

Although imperfect player control has its greatest impact near the end of the
game, it turns out that strategic delay is used only when there is so much time
left in the game that an offer is sure to arrive before the expiration of the
deadline. In this case, if a player were to make an offer, he might lose the
initiative and allow his opponent to time his counteroffer optimally. Because of
this, adopting strategic delay very early in the game becomes a player’s equilib-
rium move.

We can summarize the equilibrium outcome as follows. Initially, a player
delays sending his offer, so as not to lose the ability to make an offer at the
optimal time. Once there is a positive probability that an offer may not arrive
before the deadline, players will begin sending offers immediately. At first, these
offers will not be so large as to guarantee acceptance by the opponent; the
offer-maker will risk rejection on the chance that the offer will arrive late, when
the opponent is under time pressure. Finally, if there is not much time left
before the deadline, a player will make an offer sufficiently generous to be



