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1 Introduction

In this paper we study an experiment with human agents strategically inter-

acting in a game characterized by continuous time and continuous strategy

space. The research is focused in studying the agents' interaction dynamic

under different experimental settings . The agents play a two person game

that is an extension of the classic Cournot duopoly. Having agents making

decision continuously allows us to track the temporal structure of strategy

evolution very precisely. We can follow the agents' continuous behavior evo-

lution avoiding the data under-sampling .

To our knowledge this is the first attempt to approach experimentally

the continuous time decision making . We also emphasize that the focus of

our work is not the Cournot model but rather the more general problem

of studying the agents' strategic interaction dynamic in continuous space

time. Flaming the problem as the well studied Cournot Duopoly would be a

good starting point .
In economics dynamics studies the oligopoly model literature in both dis-

crete and continuous time is one of the richest . There is also a vast literature

in experimental economics about repeated games in general and more specif-

ically in duopoly/oligopoly models . Cox and Walker [1] studied whether

subjects can learn to play the Cournot Duopoly strategies comparing the

experimental results with the theoretical prediction of learning models . The

1



Cox Walker experiment differs from our settings because it is in discrete
time and is an evolutionary dynamics framework through a random match-
ing mechanism of the experimental subjects .

From the theoretical perspective many works have been focused in study-
ing the Cournot model in a dynamical settings . Okuguchi and Szidarovsky [2]
formulated a continuous time version of the Cournot Oligopoly with multi-
product firms. They analyzed the stability of the equilibrium and proved
that it is stable, under certain conditions, independently from the value of
the adjustments .

Chiarella and Khomin [3] extended this analysis to unstable dynamics

in Cournot duopoly . They used analytical and numerical tools to study the

relevance of time lags and nonlinearities in relation with the convergence

of quantities and prices to some stable attractors . Lately, Chiarella and

Szidarovsky [4] analyzed the case with continuously distributed time lags

and without full information : firms experiences time lag in obtaining and

implementing information in the price and the outputs . They showed that

without time-lag a steady state is always asymptotically stable . Vice versa

in presence of time lags local instability can occur .

Other studies, like in Kopel [5 ] , discussed the effect on non-monotonic

reaction curves on the system dynamical properties . We can have non mono-

tonic reaction function if, for example, quantity demanded is reciprocal to

price and firms are facing constant unit costs (Puu [6]) or vice versa with

linear demand function and cubic marginal costs function (Puu [6 1 , Furth[7]) .

The non-monotonic reaction function assumption causes chaotic dynamic in

pricing.

2 The Experiment

The continuous time experiment consists of two subjects interacting using
a computer interface . Each agent chooses his action using a knob (a slide
bar on the computer user interface) . The position of the knob represents
the decision variable's value . When an agent moves the knob he changes
his decision variable that . causes a change in the payoff stream of the two

agents . The agent's payoff is updated and showed in continuous time . The

payoff is me asured instantaneously. When we integrate this variable over the
experiment duration we obtain the agent's total payoff .

The agents' problem is to maximize the total payoff accumulated with the



instantaneous payoff. At time t agents choose continuous variable xZ(t), i =
1, 2 . Each agent will receive an instantaneous payoff of wi(t) = fi(xl(t), x2(t)) .
The maximization problem that an agent is facing is the following :

tma a

max fi(xi(t),xj (t)) dt
xi (t) 10

where i = 1 , 2, . . . , N and i 0 j. A rational agent with full information
could compute the best response function bi(x;(t)) and find Nash equilibria
(x? (t), x* (t)) such that xi (t) = bi(x* (t)) for all i, j = 1, 2 (i =~ j) .

We are interested on functions fi(•) causing a game characterized by Nash
and by Pareto optimal equilibria . In this experiment the functions have
only one Nash and one Pareto obtimal equilibrium like the Cournot duopoly
model .

We have two experimental conditions . In the first condition agents are
unaware of the game and the entire environment . They will receive infor-
mation about the position of the knob in time and the instantaneous payoff .
They do not know the other agents' payoff and action at each time t . Agents
try to learn a strategy that maximize the payoffs through the instantaneous
payoff feedback .
In the second experimental condition agents have full information . They
know the f (•) function and they compute the other agent's choice . To sim-
plify the agent's task we are computing and showing this information on the
experimental user interface .

The analysis is focused on the dynamical properties of agents' behavior .
We study the stability of the dynamics and also propose a measure of agents'
behavioral coupling .
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