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ABSTRACT

This paper studies inference in a continuous time game where an agent’s decision to quit an activity depends on
the participation of other players. In equilibrium, similar actions can be explained not only by direct influences but
also by correlated factors. Our model can be seen as a simultaneous duration model with multiple decision makers
and interdependent durations. We study the problem of determining the existence and uniqueness of equilibrium
stopping strategies in this setting. This paper provides results and conditions for the detection of these endogenous
effects. First, we show that the presence of such effects is a necessary and sufficient condition for simultaneous
exits. This allows us to set up a nonparametric test for the presence of such influences which is robust to multiple
equilibria. Second, we provide conditions under which parameters in the game are identified. Finally, we apply the
model to data on desertion in the Union Army during the American Civil War and find evidence of endogenous
influences.
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she collects a reward of Uj(X';; ') where X! is an individual-specific state variable (e.g., wealth,
utility-relevant inputs) and X'; is this variable evaluated at the chosen '. The stopping strategies
are represented by  : 2 — [0; T], a (possibly infinite) stopping time with respect to an individual
filtration F' = (F )iecjo:71® representing agent i’s flow of information. Although this information
flow arises endogenously in the game, we assume throughout that the individual filtration satisfies
the usual conditions.” We allow the individual information histories to differ across individuals.
These individual information sequences will be the basis for an agent’s strategy, since the filtration
F' = (F)iepo:r] incorporates the assumptions imposed on what each agent knows or not as time
evolves. Later on we assume that each agent observes his or her own state variable X} and whether
or not other agents in the game have stopped (but not their individual state variables).

We assume that the individual state variable evolves as a process (adapted to the F' =
(F)teporry filtration) that may depend directly on the participation of the remaining individuals
in the group. This direct influence represents the endogenous effects in our model. Let | be the
fraction of the population (excluding agent i) that has left before time t: | = Is=l s7i 1 st y=(1 —
1) (with Igay as the indicator function for the event A C €2). This process will be determined
endogenously as individuals choose the stopping times. Throughout we assume that | € Fi: one
knows how many players have stopped up to (but excluding) the current instant. Each individual
state variable X! is assumed Markovian and is allowed to differ across individuals. The structure
for the multi-person problem (payoffs, players, strategy spaces and information assumptions) is as

follows.

Definition 1 (Synchronization Game) A Synchronization Game is defined as a tuple (1; (2; F; F; P;
(Uier; (XYier; (Ti)ier) where | s the set of agents; (Q; F;F;P), a filtered probability space; U; :
R x Ry — R, an individual gain (utility) function; X', an individual adapted process having as

state space Ry ; and Ti, a set of stopping strategies Q) — [0;T].

Each person i faces the following (individual) optimal stopping problem (where  generically

denotes a stopping time with respect to (F )eejo1)):

8
3 P(x! S I'|FL); Markovian.
3 Vi(Xi) = sup €Ti Exi[ui(x ;)] s.t. { = Is:l 57 I o=t }Z(I —1) (1)

Xh = X;

A random variable 7 : @ — [0,7] is a stopping time with respect to (F).ejo,r) if, for each t € [0,T], {w :

7(w) <t} € F;. Intuitively they represent stopping strategies that rely solely on past information.
"The filtration is right-continuous and F contains all P-negligible sets in F.





