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1. Introduction

The modern theory of accident law distinguishes between two types of accidents which we shall
call one-actor and two-actor accidents. In one-actor accidents, one agent (the injurer) is responsible
for causing harm to another (the victim) and the probability of an accident occurring is solely under
the control of that agent. For example, when a jet airplane crashes the pilot or the airline is the agent
who determines the probability of a crash while the passengers are passive and merely sit there and
take their chances. In two-actor accidents, the probability of an accident is determined by the two
agents. When two cars crash the resulting accident is presumably the result of the care taken by both
drivers. In two-actor accidents, it takes two to tango or at least two to crash.

In an earlier set of experiments, Kornhauser and Schotter (1990) tested a number of
hypotheses about the efficiency of different common law liability rules used to influence the
behavior of economic agents in one-actor accident situations. We found that, while negligence rules
seemed to function as predicted by the theory of torts, strict liability rules did not. Specifically,
under strict liability, agents took time to learn the efficient patterns of behavior while under
negligence such protracted learning periods were absent. In this paper we extend our experimental
investigation to the theory of two-actor accidents and once again ask whether behavior in this more
complicated case conforms to the predictions of the economic theory of tort law or whether it
deviates from the theory analogously to the deviation observed in the one-actor case.

Specifically, in addition to evaluating the efficiency of two classes of rules, we test three sets
of hypotheses, two posed directly by the economic theory of accident law and one raised by our
earlier experiments on one-actor accidents. The theory predicts (1) that rules of negligence and rules
of negligence with contributory negligence will induce equivalent choices of care when the relevant

standards are set optimally; and (2) that, as the standard of care rises for an agent, she will adhere
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to that standard until some point and then abandon her choice. Our third hypothesis is more
behavioral in nature. It asks whether the results we found in our one-actor accident experiments
translate to a bilateral setting where the decision problem faced by agents is the simplest game
theoretical analogue to the one-person decision problem posed there. Earlier experiments by Bull,
Schotter and Weigelt (1987) indicate that the move from a one-person decision problem to a simple
game (in their case the move from an experimental piece-rate compensation system to a two-person
tournament) may lead to drastically different results at least with respect to the variability of
outcomes observed.

Qur results, which largely confirm the earlier results of Kornhauser and Schotter! (1990) (K-S)
on single-actor accidents, may be briefly summarized. Though rules of negligence and of negligence
with contributory negligence are roughly comparable when the relevant standards of care are set
optimally, the liability-bearing subject under negligence is overly careful at the outset and too

reckless as she gains "experience.” Consequently, in terms of efficiency, a rule of negligence with
contributory negligence clearly dominates a rule of negligence when the intensity with which subjects
engage in activities is fixed exogenously.

Second, the theory of accident law predicts quite well subjects’ behavior when the standard
of care is set non-optimally. Our results indicate that subjects respond quite sensitively to increases
in the standard of care near the cut-off point at which they should abandon the standard.

Finally, our experiments are of interest from a behavioral point of view since they are a game

theoretical analogue to the Kornhauser-Schotter (1990) experiments. In that experiment, subjects

performed a straight one-person maximizing task and in that context demonstrated an ability to

! Lewis Kornhauser and Andrew Schotter, “An Experimental Study of Single-Actor Accidents,"
Journal of Legal Studies, (1990).




adhere to the theory of torts. In our experiments, subjects engage in a two-person game analogue
to these earlier experiments and again behave in a theoretically satisfactory manner. Hence, the
introduction of strategic uncertainty does not appear to distort the results of the theory. It seems
robust to such factors which is important for the survival of the theory.

We will proceed as follows. In section 2 we sketch the basic economic mode! of accident
law and state the hypotheses we test. Section 3 describes the experimental design. Section 4 states
our results. Section 5 offers some conclusions.

2: Liability Rules and their Associated Care Levels
2.1: Liability Rules

The law of torts is the primary mechanism through which society controls accidents. Anglo-
American common law uses two liability rules to govern who bears the costs of one-actor accidents.
Under strict liability the person ("the injurer™) who controls the probability with which an accident
occurs is responsible, regardless of how much care he took, for the damages he causes. Under a
negligence rule the injurer is responsible for damages only if his or her care did not equal or exceed
the "care standard”, X, set by the government. More formally, let L{x,X) represent the agent’s
share of liability as a function of the standard of care X and his choice of care level x. Then L(x,X)

has the following form:

A care standard, X = oo, is called "strict liability" because the agent always bears the entire loss,

while X = 0 is a rule of no liability. Any positive finite X yields a "negligence rule" with standard

of care X.




In Figures 1la and 1b we illustrate the strict liability and negligence rules for the unilateral
accident case.

[Figures 1a and 1b here]

The common law has generalized these unilateral negligence rules to impute responsibility
for two-actor accidents. To understand the legal regime in the two-actor case, we consider two
individuals: a type 1 agent ("he"} and a type 2 agent ("she"). The economic literature has generally
distinguished between those ("negligence") rules under which the type 2 agent bears the liability if
each party meets her legal obligations and those ("strict liability") rules under which the type 1 agent
bears the liability if each party meets her legal obligations.2 We first characterize two subclasses
of negligence rules and then explain the duality between "negligence” and “strict liability" regimes.

The law distinguishes between "pure” negligence rules and negligence with contributory
negligence rules. Under a negligence rule, N, a type 1 agent is responsible for damages if and only
if he did not meet the care standard set by the government. If the care standard was met, then this
person is free of responsibility no matter what care level was chosen by his accident "partner.”
Under Negligence With Contributory Negligence, NCN, a type 1 agent is held responsible for an
accident only if he failed to meet the care standard while his accident partner met it.

More formally, let Ly(x,y; X,Y) designate the share of the damages to be born by an agent
of type 1 if he takes care level x, his accident partner (an agent of type 2) takes care level y, and

the care standards for these two agents are X and Y respectively. Then negligence type rules can be

*The economic theory of accident law has largely developed a model first introduced by John
P. Brown in "Towards an Economic Theory of Accident Law," 2 J. Legal Stud. 323 (1973). The
subsequent literature has generally followed Brown in designating the type 1 agent the "injurer" and
the type 2 agent the “victim.” Such designations might make sense if the type 1 agent were the sole
cause of an accident or if the type 2 agent suffered personal injury. In the actual model, however,
the decisions of each agent determine the likelihood of the accident and the loss is purely economic.
Hence the legal rule simply identifies which party must bear that loss.
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defined as follows:

1, x < Xandy =Y

L.x,y, X,Y) =
0, x2X ory<yY.

Following Brown’s nomenclature, we shall call a rule which sets X > Oand Y =0, a
negligence rule (N); a rule which sets X > 0 and Y > 0, a rule of negligence with contributory
negligence (NCN). In other words, under Negligence, type 1 agents bear liability for accidents
whenever they do not choose a care level that exceeds the due care standard X, no matter what their
opposing type 2 player does. With NCN, the actions of the type 2 agent also matter, although type
1 agents can always avoid liability by choosing x > X,

Figures 2a and 2b illustrate the Negligence and Negligence with Contributory Negligence
rules.

[Figures 2a and 2b here]

Note that, from the perspective of the type 2 agent, the two-actor negligence rule is analogous
to a one-actor strict liability rule. To see the analogy, one must assume that the type 1 agent meets
his standard of care. Then, under the two-actor negligence rule, the type 2 agent always bears the
costs of accidents just as the "injurer” would under a strict liability rule in the one-actor case.
Conversely, the type 1 agent, under the two-actor negligence rule, is positioned analogously to the
subject facing the one-actor negligence rule as, by meeting his standard of care, he can avoid all
liability.

The economic literature on two-actor accidents also defines two types of strict liability rules.

However, they are identical to negligence rules except for the fact that the roles of the agents are
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reversed in imputing liability. This duality is most clearly seen from examination of the formal

characterization of strict liability:

, x <X or yz=Y

1
(x,y; X,Y) =
L5ty 0, x2X andy < Y.

In these "strict liability" rules, the type 1 agent is the default bearer of liability as a type 2 agent can
avoid all liability by meeting her standard of care Y. Again, following Brown’s nomenclature, we
call a rule which sets X = 0, and Y > 0, a rule of strict liability with contributory negligence
(SCN); and a rule which sets 0 < X < o and Y > 0 a rule of strict liability with dual contribu-
tory negligence (SDCN).

Note that, in the family of rules L;, [1 - Li[x,y;X,Y)] represents the share of the loss borne
by the “other” agent, the liability-free agent. We thus see that the families Ly and Ly are dual in the
sense that Ly(x,y;X,Y) = 1 - Ly(y,x;Y,X). The strict liability rules are equivalent to the negligence
rules with the agents renamed. Put differently, a type 2 agent under a strict liability rule will adopt
the same level of care as a type 1 agent under the dual negligence rule.

Figures 3a and 3b present these strict liability rules and a comparison to Figures 2a and 2b
indicate their duality to Negligence type rules.

[Figures 3a and 3b here]

This duality permits us to test for the equivalence of certain rules by comparing the choices
of different type agents within as well as across experiments.

In each of the four types N, NCN, SCN and SDCN of rules, one party can avoid liability

simply by meeting her legal obligation. Under schemes of negligence (N and NCN), this normative
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liability-free agent ("NLFA") is the type 1 agent while, under schemes of strict liability (SCN and
SDCN), the NLFA is the type 2 agent. We shall call the agent who, when the NLFA meets her
legal obligation, bears the liability the normative liability bearer ("NLB"). Under negligence, the
NLB is the type 2 agent; under strict liability the NLB is the type 1 agent.
2.2 The Theory of Torts.
2.2.1 One-actor Accidents
In this paper, we study the now-standard economic model of two-actor accidents. John
Brown’s (1973) initial model,® as well as most subsequent work, characterized an "accident" as a
loss, the expected frequency of which is determined by the actions of two parties. When there is
only one party who controls the probability of an accident, the model takes the following form.
Let x denote the level of care adopted by the actor/injurer. We assume x is non-negative. The
cost of care is r per unit. Further, let p(x) denote the probability that a loss of amount A occurs
given that an agent has adopted a care level of x. We assume that p’(x) < 0, and p’’(x) > 0.

Assuming risk neutrality, the social optimum is given by minimizing over x:

W) = rx + p(xA , (1

which has first order condition

p'(x) = - ()

>

3 John P. Brown, "Towards an Economic Theory of Accident Law," 2 J. Lepal. Stud, 323
(1973).




Let x” solve this problem.
The agent’s choice of x will depend on the legal rule that determines liability for losses. Clearly

a risk neutral actor will choose x to minimize

x + p(x)AL(x,X) . 3)

Under strict liability, the agent adopts the socially optimal level of care. One easily determines the
actor’s optimal response to a negligence rule with standard of care X < o. Clearly, it is never
optimal to choose x > X because x > X increases the cost of taking care without reducing expected
liability costs below 0. Consider then the agent’s choice of x in the interval [0,X]. Either he adopts
x = X or adopts that x = x” which minimizes his costs given that he bears the cost of the accident.
In this context this is also the socially optimal level of care. Thus, the agent will adhere to the

standard of care as long as

X = mx* +p(xTA. @)

Let X be the largest X satisfying (4). Forall X < x ,x" =X, whilefor X > %, x" < X. Ifwe

specify p(x) = 1/x, as we do in the experiments of Kornhauser and Schotter (1990), then

]7 5)
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2.2.2: Two-Actor Accidents.

In the basic two-actor accident model, let x be the level of care adopted by type 1 agents and
y the level of care adopted by the type 2 agents. We assume that both x and y are non-negative.
Let q denote the cost per unit of care adopted by each agent, A the size of the accident loss when
an accident occurs, and p(x,y) the probability of an accident given the care levels chosen by the type

1 and type 2 agents. We assume that p(x,y) is strictly convex with negative first partials.*

2.2.3: Optimal Care Levels.
The expected social cost of accidents (assuming risk-neutrality) is given by
Wx,y) = qlx +y] + p(x,y)A. )
Minimization of this function yields the socially optimal care levels. The first order conditions for
this maximization are given by
ap(x,y)/ox = -q/A = dp(x,y)/dy. @®)

Let (x", y") solve this problem.

2.2.4: Equilibrium Care Levels.
While the socially optimal care levels are characterized by equation (8), such care levels are
not necessarily the equilibrium care levels of the game, defined by the liability rule in use, between

the type 1 and type 2 agents

* In order to facilitate comparisons between these experiments and the single-actor experiments
of Kornhauser and Schotter (1990), we develop the theory in the special case in which agents face
identical costs of care and a symmetric probability of accident function p(x,y) = p(y,x). In the
experiments we report here, parameters were chosen so that, when the predicted equilibrium equaled
the social optimum, each player’s decision problem, conditional on the equilibrium behavior of her
opponent, reduced to that faced by a subject in the (K-S) single-actor experiments.
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Each legal rule defines a two-person, non-zero-sum game. A type 1 agent chooses his
strategy from the interval [x", x"] while a type 2 agent chooses her strategy from the interval [y*,
yH], with x* and y“ > 0. The type 1 agent faces the (discontinuous) payoff function

Ui(x;X,Y) = -[gx + p(x,y)ALi(x,y;X,Y)] 9
i = N or S, while the type 2 agent faces the discontinuous payoff function

Viy;XY) = -[qy + p(x,y)A( - Li(x,y;X,Y))]. (10)
The economic analysis of accident law studies how the equilibria of this game depend on the
standards of care X and Y.

In light of the duality between negligence rules and strict liability rules, we outline the results
of the theory for rules of negligence only. A characterization of the equilibrium (x4(X,Y), yy(X,Y))
for general X and Y is quite complex because, for some pairs (X,Y) of standards of care, no
equilibrium in pure strategies exists. In our theoretical discussions below, however, we consider
only two types of pairs: (X,0) and (X,Y’), i.e. a pure Negligence rule and a Negligence With
Contributory Negligence rule where the care standard set for the type 2 agent is at the socially

optimal level.

2.2.5: Predictions of the Theory.

The predictions of the theory are the predictions of the Nash equilibrium of the games defined
by the liability rules. These predictions are summarized by the following theorem which is proven
in the Appendix of the paper. The theorem is stated in terms of Negligence rules only since, given
the duality between these rules, the strict liability version of them is identical.

Theorem: At the equilibrium of the game defined by either a negligence (N) or a

Negligence With Contributory Negligence Rule (NCN) rule, type 1 agents (NLFA’s) will meet the
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care standard (choose x = X) if it is set at a level less than some critical level X’ and abandon the
care standard (choose x < X) if the standard is set above )—(, with X > X’. For X such that X’ <
X = )E, a mixed strategy equilibrium will exist. Given the parameters of our experiments and a rule
Nwith Y = 0, X = 2x,, X’ = 2(2a/q)"?, where X, is that care level that minimizes q + p(x,y9A.
Further, given the parameters of the model and the NCN rule with Y = y*, X = 2x" and X’ = x".
Proof: See Appendix.

The intuition behind these results is simple. In general the equilibrium of the game defined
by the negligence standards will differ depending upon whether the standard is s;et at an excessively
high, excessively low, or at an intermediate level. If the standard is set at an excessively high level
(as we will define later) then the NLFA will abandon the standard since to meet it would be too
costly. Once it is abandoned, the NLFA will be liable for any accident so the NLB will now take
the lowest possible level of care conditional on her remaining free of liability. The NLFA will then
choose a level of care that is a best response to this minimal care, and the situation is in equilibrium.

If the care standard is set at a very low level, then clearly the NLFA will adhere to it (it is
not costly to do so) and the NLB will choose a best response. For care standards set at intermediate
levels a mixed strategy will exist. Here, the care standard is set so that if it is met by the NLFA,
the NLB will have to take significant amounts of care. Having done so, the NLFA will find it
advantageous to abandon the care standard as a best response. When that occurs, the NLB, now
absolved from risk, will adopt the lowest possible care level. The best response to this by the NLFA
is now to increase her effort level. The situation will begin to cycle as no pure strategy will exist.

To demonstrate these results graphically consider Figure 4.
[Figure 4 here]

On the x axis we measure units of care for the type 1 agent. Assume that the type 2 agents exactly
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meet the care standards set for them. Then line qx represents the cost of taking care for type 1
agents. Ap(x,y*) represents the expected cost of accidents as a function of the care level taken by
the type 1 agent. The curve gx + Ap(x,y*) therefore represents the total expected cost of accidents
as a function of x. For any given care standard, X, the expected cost of choosing any care level is
gx if the care standard is met and gx + Ap(x,y*) if the care standard is not met so that the type 1
agent must pay the cost of any accident that occurs. As long as gx < min,.x {gx+Ap(x,y*)}, the
type 1 agent will choose to meet the care standard. But in Figure 4 this condition is only true if X
< X. If the care standard is set at a level greater than X, the care standard will be abandoned and
the type 1 agent will choose a care level of x* and will take his chances with paying for an accident
if one occurs. x* is the desired level under these circumstances because it is that care level that
minimizes the expected accident costs when the agent is liable.
Corollary

Let Xy, Xnen, Xsen @nd  Xspen and  Yn, Ynewns Yson. and  Yspen be the equilibrium choices of
care levels by type 1 and 2 agents when the liability rule is respectively, N, NCN, SCN, and SDCN

with the standards of care set respectively at (x*, 0), (x°, ¥7), (0, y") and (x°, y°). Then

-

X =Xy = Xyox = Xson = Xspew ANd Yy = Ynew = Ysen = Ysoen = ¥ -
Proof: See Appendix.

Basically, this corollary states that when the care standards are set at their socially optimal
levels, the four rules studied here are behaviorally equivalent as they predict identical behavior for

the type 1 and type 2 agents.

2.3. Our Hypotheses.

The hypotheses to be tested in our experiment derive essentially from two sources: the theory
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outlined in Section 2.2 above and the results of our prior experiments studying single-actor accidents.

Hypothesis 1: Rule Equivalence: Let xy, Xncx, Xscn and Xspen and Yy, Ynews Ysens 30d Yspen
be the equilibrium choices of care levels by type 1 and 2 agents respectively when the liability rule
is respectively, N, NCN, SCN, and SDCN with the standards of care set respectively at (x°, 0), (x°,
y), 0,y and (x°, y*). Then x” = Xy = Xyew = Xscn = Xspon A ¥n = Ynew = Ysen = Yspen =
y.

Hypothesis 1 is equivalent to the Corollary of the Theorem. It states that when the care
standards are set at the socially optimal levels of care, all the rules we examine will, in equilibrium,
yield identical levels of care and are consequently equivalent behavioraily. Under the assumption
of the symmetry of our experimental design and the duality of negligence and strict liability rules,
hypothesis 1 implies that x* = y".

Our prior experiments, however, suggest that these rules will not be equivalent. In our prior,
one-actor experiments, economic theory predicted that an agent whose actions wholly determined the
probability of an accident would choose identical care levels under negligence and strict liability
rules. We found instead that, though subjects in the negligence experiments chose optimally, under
strict liability, laboratory subjects chose care levels above the optimum, in the early rounds while,
in the later rounds, the agents chose care levels below the optimum. Since, in our current
experiments, type 2 agents in the N experiments face an situation identical to that faced by subjects
in our one-actor strict liability experiment, while type 1 agents in the same experiment face a
situation parallel to that of the subjects in our one-actor negligence experiments, we predict that the

levels of care of type 2 agents will be higher in early rounds under N than the care levels of type

1 agents facing the same rule and that type 2 levels of care will be lower than the choices of type
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1 agents in later rounds under N. We may thus state:

Hypothesis 1(S) ; Non-Equivalence of Strict Liability and Negligence. Let xy and xyey, and

yn and ynen, be the equilibrium care level choices by type 1 and type 2 agents respectively when
the liability rule is respectively, N, NCN, with the standards of care set respectively at (x*,0) and
(x", yO. Then
(a) in early rounds, yy > Ynen = ¥
(b) in later rounds, Yy < Ynen = ¥ -
Our theorem also identifies the circumstances under which type 1 agents will adhere to a care
standard and when that care standard will be abandoned. Those conditions form the basis for

Hypothesis 2.

Hypothesis 2: Care Standard Abandonment: (a) Under a rule of negligence, x = X and vy
=y(X)for X < X’whilex =x"andy = y* for X > }_(; and (b) Under NCN, x = X andy =
yXfor X <x;x=x"andy =y for X > 2x".

The concept of focal point provides an alternative to the economic hypothesis 2. Hypothesis
2’ states that the standard of care is a focal point so that each agent will set her care level at the
standard regardless of the economic rationality of such a choice. Again, our theorem, which defines
the movement of the equilibria with respect to changes in the standards of care, provides a test of

the hypotheses.

Hypotheses 2’: Negligence and Focal Points: (a) under N, x = X for all X; and (b) under

NCN,x=Xandy = Y forall Xand Y.
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