5
The Korean Economic Review
Volume 37, Number 1, Winter 2021, 5-35.
DOI : 10.22841/kerdoi.2021.37.1.001

Burdens of Proof and Judicial Errors in Civil
Litigation*
Jeong-Yoo Kim**

This paper considers the effect of whether burden of proof is assigned to plaintiffs or
defendants in tort claims on the defendant’s care-taking incentive under the possibility of
judicial error. We argue that it is socially better to place burden of proof on the plaintiff if
the proof costs of both parties are low and the evidence is very accurate, thus reducing the
wasteful incentive for defendants to commit over-precaution. If the burden of proof is placed
on the defendant, it exacerbates the defendant’s over-precaution due to an accidentavoidance effect whereby the defendant is incentivized to take more care to avoid an
accident, thereby saving evidence costs. We also discuss the sine qua non rule in the case of
noisy evidence and reconfirm the accident-avoidance effect. This is compared to the result of
Gómez (2002).
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I. Introduction
When popular Korean rock singer Hae-Chul Shin died in October 2012
following stomach surgery, his family filed a malpractice suit alleging that the
surgeon provided negligently inadequate post-operative care. The singer’s death
prompted his fans to lobby Korean lawmakers to amend the “Korea Medical Act,”
first enacted in 2016, resulting in what is now called the “Shin Hae-Chul Act.”
One of the controversial issues leading to the passage of this amendment focused
on the question of who should bear the responsibility of burden of proof in medical
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malpractice cases.1 Such cases typically involve profound uncertainty regarding all
the relevant counterfactuals, which may have occurred under alternative courses of
medical treatment. Furthermore, these cases impose unusually high information
costs related to gathering information regarding human physiology, disease
pathology, and highly technical details concerning the professional standard of
medical care based on a patient’s medical profile. Under current law (i.e., the yet to
be amended Korean Medical Act), the burden of proof is the sole responsibility of
the plaintiff (i.e., the patient or the patient’s family in this case). Therefore, it is up
to the plaintiff to prove that his/her doctor is liable for the damages claimed. Owing
to the informational requirement of expert testimony, it is currently very costly to
prove medical negligence against a doctor. Thus, medical malpractice cases in
which the plaintiff successfully achieves a malpractice verdict against a doctor are
relatively rare, because potential plaintiffs who consider financial benefits and costs
are often deterred from filing malpractice claims.
In this paper, we address the issue of the incentive effects of different legal
institutions regarding the burden of proof on potential defendants’ efforts. Hay and
Spier (1997), in their influential paper, provided extensive analysis of the effects of
allocating the responsibility of burden of proof on legal parties’ various behaviors,
including effort applied to due care. One of their findings is the so-called “neutrality
result”: if the standard of care is efficient, then a potential defendant’s incentive to
take care is invariant to the assignment of the burden of proof. The intuition is that
if the defendant fails to take due care, then he//she will lose regardless of whether
the burden of proof is placed on him/her or on the plaintiff. Therefore, he or she
will take due care in equilibrium, and this is expected by both parties. The result of
Hay and Spier (1997), however, crucially depends on the assumption of no
uncertainty regarding the judicial outcome. However, in real-world tort cases, legal
parties face a great deal of uncertainty in the trial outcome when they present
evidence. Therefore, our analysis introduces this crucial element of uncertainty
about the trial outcome (i.e., the possibility of judicial error) into the standard
model,2 and shows that introducing the possibility of judicial error significantly
changes the results from those of the standard model.
Our theoretical focus on judicial error enjoys empirical support from the
literature on judicial error in real-world court decisions. Berger (1992) identified 30
out of 2000 cases that were decided in 1990 alone, which were subsequently revised
____________________
1
In the U.S. it is always the plaintiff's burden in a medical malpractice case to prove the defendant’s
negligence. If the plaintiff cannot prove such negligence, the medical malpractice lawsuit would be
dismissed.
2
Judicial error may be due to inadequate education and training of judges, immorality and
corruption among judges, or simply the lack of sufficient knowledge about substantive and procedural
law. See Savchyn (2014) for further details.
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in appeals court due to evidentiary error at trial.3 It is also well known theoretically
that many important properties regarding the efficiency of legal rules no longer hold
once uncertainty is introduced into an otherwise ideal world of perfect information
(Haddock and Curran, 1985; Calfee and Craswell, 1984; Craswell and Calfee, 1986;
Cooter and Ulen, 1986). Introducing the possibility of judicial error leads to a
number of questions. For example, which liability rule is more efficient under
uncertainty (Haddock and Curran, 1985; Cooter and Ulen, 1986)? Can social
efficiency be restored by altering the legal standard of due care?4 In the current
paper, we investigate a different question regarding who should bear the burden of
proof: How might uncertainty due to judicial error affect the social efficiency of
assigning burden of proof on defendants versus plaintiffs?
The main findings of this paper can be summarized as follows. In a standard
model without uncertainty, we confirm Hay and Spier’s neutrality result. In
equilibrium, the defendant takes the same level of care regardless of the assignment
of the burden of proof, but placing it on the plaintiff improves social efficiency,
because a plaintiff who expects the defendant to take due care in equilibrium will
not collect and present evidence. Thus, evidence costs are saved under this rule.
If there exists a positive probability that courts would make an error in processing
and interpreting evidence submitted to the judge, then it would still be more
efficient to assign burden of proof to the plaintiff insofar as the costs of proving
one’s case are very low for both parties, and the evidence is very accurate. When
those conditions hold, regardless of the burden of proof assignment, the potential
defendant takes over-precaution due to judicial uncertainty. However, the legal
institution of plaintiffs being assigned the burden of proof can alleviate excessive
caution or hyper-diligence among potential defendants, which would otherwise be
induced by judicial uncertainty. If the defendant’s cost of proving his/her negligence
is very high, however, then it is socially efficient to assign burden of proof to
defendants, whereas both rules are equally efficient without judicial uncertainty.
Paradoxically, this rule of defendants carrying the burden of proof achieves the firstbest level of care. Under this rule, the defendant will not present evidence when
he/she is in fact negligent; therefore, the defendant must internalize all the social
costs of accidents. Due care becomes meaningless when defendants carry the
responsibility of burden of proof (because they internalize the costs of accidents
anyhow). This implies that the negligence rule when the defendant’s proof costs are
very large is almost equivalent to the strict liability rule under which the defendant
____________________
3
This number should be interpreted as an underestimation of the frequency of judicial error,
because some cases involving evidentiary error may not have been appealed.
4
Calfee and Craswell (1984) suggested that, in order to correct any incentive for potential
defendants to over- or under-comply with the standard of due care induced by uncertainty, courts
should make corresponding adjustments in legal standards of damages awarded. Edlin (1994) also
followed this line of analysis.
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bears all the risks associated with accidents and takes the socially optimal level of
due care.
Finally, if the plaintiff’s cost of submitting evidence is very large relative to the
defendant’s, then the defendant may be induced to take insufficient care, precaution,
or diligence in response to the possibility that plaintiffs with legitimate tort claims
may fail to prove negligence. In this case, it may be more efficient to place the
burden of proof on the defendant, which can alleviate the problem of potential
defendants taking insufficient care or diligence, although the general comparison of
efficiency is ambiguous. This implies that the efficiency of the Shin Hae-Chul Act,
which is intended to place burden of proof on defendants is, in general, not
guaranteed, although it will clearly induce the defendants to take more care.
Gómez (2002) considers what is called the sine qua non rule. He criticizes the
neutrality result of Hay and Spier by arguing that their result would no longer hold
if the modified negligence rule incorporating the sine qua non causality was used
instead,5 under which the expected loss evaluated according to the level of due care
should be deducted. Gomez argues that, if the burden of proof would be allocated
to the defendant, it could reduce the incentive to take the optimal level of care,
because the cost of presenting evidence makes it less worthwhile for potential
defendants to take due care. Sanchirico (2008) also shows that allocating the burden
of proof to the plaintiff generates a larger incentive for the defendant to take
adequate care when the evidentiary contest concerns the care of the defendant. The
intuition is similar. If the burden of proof is on the defendant’s side, the defendant’s
total cost when he/she takes due care is increased by the proof cost, implying that
he/she has less incentive to take due care. In this paper, we provide a
counterargument. We argue that the assignment of the burden of proof to
defendants can strengthen potential defendants’ incentive to take care if evidence is
noisy. This is because such a move can give them an incentive to reduce an accident
thereby saving their proof costs.
Recently, Guerra et al. (2019) obtained a similar result indicating that the rule
whereby burden of proof is placed on defendants (the presumption of negligence or
res ipsa loquitur doctrine) increases the defendant’s care incentive. Despite its
similarity to our result, there is an important difference between the two results. In
their model, the defendant’s over-precaution does not appear under a presumption
of negligence, even if he/she is likely to take more care than under a presumption of
non-negligence (i.e., the rule whereby burden of proof is placed on plaintiffs). The
main source of this difference lies in a discontinuity of the defendant’s payoff
function at the due care level in their model. In comparison, in our model, the
defendant’s payoff function is continuous due to the assumption that judicial errors
have continuous distributions. Although our insight that an increase in a care level
____________________
5

In much earlier works, Grady (1983) and Kahan (1989) analyzed the modified negligence rule.
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has an accidence-avoidance effect is still valid in their model, a marginal benefit
from increasing a care level is overwhelmed by a jump in payoffs at a discontinuous
point.
Hay and Spier (1997) examined the effects of different allocations of burden of
proof on the incentives to present evidence and to take care. They argued that if
legal parties have access to a common body of evidence, then the party who bears
the burden of proof will present the evidence if and only if the evidence supports
his/her position, while the other party will refrain from presenting evidence
regardless of whether it supports his/her position.
Meanwhile, Kim (2016) showed that if the evidence that each party possesses is
not perfectly correlated, then each party will choose to present the evidence that
supports his/her position whenever it is available, regardless of the assignment of
burden of proof; if a party without the burden of proof does not present evidence,
then it risks being interpreted as absence of evidence and therefore weakens his/her
position. The current paper is closer to Hay and Spier’s (1997) analysis in the sense
that a set of information pieces isidentically available to both parties but at a cost.
Relatedly, Demougin and Fluet (2008) and Kaplow (2011) examined the issue of
the optimal burden (or standard) of proof in terms of the incentive to take care.6
Demougin and Fluet considered the standard of a preponderance of evidence and
demonstrated that it is socially efficient, not because it minimizes error, but because
it gives the defendant the optimal incentive ex ante to take care when used together
with appropriate exclusionary rules. The intuition is similar to the unraveling result
in the literature on voluntary information disclosure (e.g., Milgrom and Roberts,
1981; Grossman, 1981; Farrell, 1986; and Shavell, 1994).7 Under the preponderance
of evidence standard, one of the interested parties would find it useful to disclose the
evidence, and then all relevant information is revealed unless there is no possibility
of strategic manipulation of information. Kaplow (2011) revealed that the optimal
burden of proof involves trading off deterrence against the chilling of desirable
behavior, unlike the preponderance of evidence standard.
The rest of the paper is organized as follows. In Section 2, a benchmark model
without judicial uncertainty is introduced. In Section 3, the possibility of judicial
error is considered to examine its effect on the incentive to take care. Section 4
discusses the effect of the sine qua non rule. Section 5 contains a discussion of some
modifications of our model. The concluding remarks are presented in Section 6.

____________________
6

Strictly speaking, two terms, “burden of proof” and “standard of proof,” should be distinguished
although they are often used interchangeably. The former determines who has to prove, while the
latter determines proving what and to what extent.
7
See Shin (1998) regarding limitations of the unraveling result in legal contexts.
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II. Baseline Model with No Judicial Errors
An accident can occur by an unlawful act of a potential injurer (defendant, or D )
against a potential victim (plaintiff, or P ). The size of losses inflicted to P is
common knowledge.
We assume that both the injurer and the victim are risk-neutral. We also assume
that the accident is unilateral; in other words, the probability of an accident depends
on the injurer’s care level but not on the victim’s care level. For example, imagine a
situation in which a surgeon operates on a patient under anesthesia so that the latter
can do nothing during the operation. For a liability rule, we consider the negligence
rule, because the burden of proof is meaningless under the strict liability rule, which
does not require proving negligence.
The following notation will be used throughout the paper:

x = the care level of a defendant ( x ³ 0 );
x = the legal standard for the care level of a defendant;
p( x) = the probability of an accident ( p¢ < 0 , p¢¢ > 0 );
L = losses from the accident;
c p = the plaintiff’s cost of presenting evidence; and
c d = the defendant’s cost of presenting evidence.
The decisions are made sequentially. First, the defendant chooses a care level x .
If an accident occurs, they (the defendant and the plaintiff) go to trial, and the party
who bears the burden of proof (either the plaintiff or the defendant) decides
whether to present evidence. We assume that if the party who bears the burden of
proof presents evidence, he/she wins the case with certainty, and if that party fails to
present evidence, he/she will lose the case with certainty. In other words, there is no
uncertainty in the judicial decision. For simplicity, we assume that the parties do
not enter into settlement negotiation prior to trial. We also assume that all trial costs
(e.g., the cost of hiring an attorney) other than the cost of presenting evidence are
negligible or the same for P and D .
We will consider two alternative rules; one wherein the burden of proof is placed
on P and the other wherein the burden of proof is placed on D . On the one
hand, under the former rule (i.e., the P -Rule), P must gather and present
evidence of D ’ negligence ( x < x ); otherwise, P will lose. This rule corresponds
to the presumption of non-negligence. On the other hand, under the latter rule (i.e.,
the D -Rule ), D needs evidence that he himself was not negligent ( x ³ x );
otherwise, D would lose. This rule corresponds to the presumption of negligence.
It is usually expected that c p > c d , as P needs evidence for negligence of the
other ( D ), while D needs evidence for his own non-negligence; however, for the
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sake of generality, we will not exclude the possibility that c p < c d . For now, we
assume that c p < L and c d < L , although this assumption will be relaxed later.
We also assume that the party who bears the burden of proof can gather evidence
perfectly, that is, if x < x , P obtains perfect evidence for it, but D can never
obtain even imperfect evidence for x ³ x from the implicit assumption that no
such evidence exists.
Suppose the burden of proof is placed on P . Given that D has no need to
gather evidence to prove that he was not negligent and P will gather and present
evidence against D if and only if x < x and c p < L , the defendant’s cost can be
expressed as
ì x + p( x)L if x < x
C0 ( x; P) = í
if x ³ x .
îx

(1)

That is, C0 ( x; P) is the cost of D under the P -Rule when there is no judicial
error. The subscript 0 in C0 stands for no judicial error. Under this rule, D has
no extra burden even if we consider the cost of proof, because it is on the side of P
to bear the burden of proof. Thus, the decision of D to take care is x P = x if due
care is set to the socially optimal level, i.e., x = x S where x S minimizes the social
cost SC( x) = x + p( x)L .
Now, suppose the burden of proof is placed on D . Given that he must present
evidence to win the case when x ³ x , his cost can be expressed as
ì x + p( x)L
C0 ( x; D) = í
î x + p( x)c d

if x < x
if x ³ x .

(2)

The graph of C0 ( x; D) drawn in a bold curve in Figure 1 shows a discontinuity at
x=x.
As the defendant’s cost of proof is low relative to the losses from the accident
( c d < L ), D ’s optimal care level is x D = x .8 That is, the incentive to take care is
neutral regardless of the assignment of the burden of proof. In this case, D takes
the socially optimal level of care in both cases. However, in terms of social costs, it is
socially more efficient to place the burden of proof on P , because the society must
bear the extra cost of proof if the burden of proof is placed on D . Even if the
defendant’s cost of proof is so high that c d > L , the result is the same. In this case,
D chooses not to prove his non-negligence, so C( x; D) = x + p( x)L for any x .
____________________
8

If we consider trial costs other than c p and c d , say k(> 0) , then the defendant’s cost functions
(C0 ( x; P) and C0 ( x; D)) under the two rules simply shift upward by p( x)k . D ’s optimal care level
would still be achieved at the discontinuity point x = x (i.e., D ’s choice of x remains unaffected
as long as k is small).
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Therefore, he will choose a care level of x S . However, given that no proof occurs in
equilibrium, the neutrality result still holds in terms of the incentive to care;
furthermore, they are neutral even in terms of social costs. In this case, D chooses
x not because it is due care, but because it minimizes his cost associated with the
accident. Thus, in this case, the negligence rule is equivalent to the strict liability
rule. To summarize, we have the following proposition.
Proposition 1 If c p < L and c d < L , then it is socially efficient for P to bear the
burden of proof. (i) The equilibrium care level of the defendant is the same regardless of
whether burden of proof is on P or D : x P = x D = x ; but (ii) the social cost is
smaller under the P -Rule : SC P < SC D .
Proof. (i) is trivial from Figure 1. (ii) SC P ( x ) = x + p( x )L < x + p( x )( L + c d ) =
SC D ( x ) .
Proposition 1 implies that it is socially better to place the burden of proof on P
rather than on D whenever there is no uncertainty about judicial error. Under the
P -Rule, D does not have to worry about the extra cost of proving non-negligence,
thereby inducing D to choose the undistorted socially optimal care level. Under
the P -Rule, P is aware that D will take due care and, therefore, does not incur
any costs to prove that D is negligent. In equilibrium, D takes the same level of
care under the two rules; but under the D -Rule, there are extra costs incurred (if
D ’s cost of proof is low).
[Figure 1] Standard case under the D -Rule
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Let us now consider now the implications from the real-world asymmetry by
which c p is likely to be much greater than c d , thereby corresponding to the
situation described in the introduction. In the model above, it is noteworthy that the
inequalities, c d < c p < L , have no effect on the neutrality result reported above so
long as the key inequality, c p < L , holds. What matters for the results from
Proposition 1 is the size of c d (regardless of c p and its size relative to c d ).
However, if there is a possibility that c p becomes so large that no plaintiff would
choose to prove D ’s negligence, then the results of the proposition could be
affected, because D ’s cost under the P -Rule could be reduced due to the
possibility of P ’s failure to present evidence. This possibility will be investigated in
Section 5.

III. Model with Judicial Errors
Courts often commit judicial errors. In this section, we take into account the
possibility that such an event can occur.9 Here, we assume that the judge only
observes a noisy signal z = x + e , where e is distributed over (-¥, ¥) according
to the distribution function F(e ) and the corresponding density function f (e ) ,
which is symmetric around zero. Now, incorporating the possibility of judicial error,
we once again consider both the P -Rule and the D -Rule.

3.1. P -Rule
Suppose that the burden of proof is placed on P , implying that D is not liable
for the losses unless P proves D ’s negligence (the presumption of nonnegligence). Then, a defendant who did not take due care ( x < x ) may not be
liable if z ³ x , i.e., e ³ x - x when P submits evidence, and even a defendant
who chose x ³ x may be liable if P submits evidence10 and z = x + e < x , i.e.,
e < x - x . Taking this into account, the defendant’s cost function under the P Rule in the presence of judicial uncertainty, which is denoted by C( x; P) , is
modified as follows:

C( x; P) = x + p( x)Prob( z < x | x)L
= x + p( x)Prob(e < x - x | x)L
= x + p( x)F( x - x)L ,

(3)

____________________
9

One unrealistic consequence from the assumption of no judicial error is that D always takes
due care if both c p and c d are low.
10
To beguile the judge, P may submit noisy information to the court, especially when x is
close to x .
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if P submits evidence of x , and C( x; P) = x if P does not submit evidence.
Here, F( x - x) is the probability that D loses at court.
The first-order condition of minimizing the cost function given by (3) requires

¶C( x; P)
= 1 - [ p( x PE ) f ( x - x PE ) - p¢( x PE )F( x - x PE )]L = 0 .
¶x

(4)

y P ( x PE ) º [ f ( x + x PE ) p( x PE ) + F( x + x PE ) p¢( x PE )]L = 1 .

(5)

Thus,

The usual interpretation applies. The left hand side of Equation (5) is the benefit
from an additional care level. As D bears the costs from an accident when it
actually happens and the court judges that the defendant is liable, the benefit from
additional care comes through falls in those probabilities. That is, the benefit is the
sum of the benefits from falls in the accident probability and in the probability of
losing at court. The first term of the left hand side is the gain from a fall in the
losing probability and the second term is the gain from a fall in the accident
probability. Equation (5) implies that this marginal benefit must be equal to the
marginal cost of taking additional care.
Note that P submits evidence if his expected payoff from it exceeds the
c
submission cost, i.e., F( x - x)L ³ c p , or equivalently, x £ ˆx P º x - F -1( Lp ) . In
addition, note that ˆx P is monotonically decreasing in c p and lim c p ®0 ˆx P = ¥ .11
If x is high enough, P will not submit evidence, as it is costly and the winning
c
probability is small. Given that F -1( Lp ) can be either positive or negative,
depending on c p and L , P may submit either too much evidence (when
c
x > x ) or too little evidence (when x < x ). If L is large, F1( L ) < 0 , so ˆx P > x ,
implying that P may submit evidence even if x > x . As c p becomes higher, P
becomes more reluctant to submit evidence. We assume that c p is so low that the
problem of minimizing the cost has the interior solution satisfying the first-order
condition (5).12
We also assume that z is very informative in the sense that the noise e is
highly concentrated around zero. That is, f (0) ³ M for some large M , so that
p

1
é ¶C( x; P) ù
é
ù
ê ¶x ú = 1 - ê f (0) p( x ) - 2 p¢( x )ú L < 0 .
ë
û x=x
ë
û

(6)

____________________
11

<0.

Monotonicity follows directly from F( x - x)L = c p . Total differentiation yields that

dxˆP
dc p

= - 1f

12
If c p is very high, the cost minimization problem of the defendant may have a boundary
solution, x PE = ˆx P .
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This implies that, in equilibrium, D will take over-precaution, i.e., x PE > x .
Judicial uncertainty induces D to take too much care because of the possibility
that he is wrongfully liable for the losses of P . However, this is the case only if c p
is very low and evidence is sufficiently informative. Otherwise, D may take underprecaution, either due to the high probability that P fails to submit evidence or
due to the uninformativeness of evidence. Figure 2 illustrates this point. The graph
C( x) shows that it has a negative slope at x = x so that x PE > x .
[Figure 2] Over-precaution under the P -Rule

3.2. D -Rule
Now, suppose that the burden of proof is placed on D , implying that D is
liable unless he can prove his non-negligence (the presumption of negligence).13
The cost function in this case can be similarly derived as follows:
C( x; D) = min{CS ( x), CNS ( x)} ,

(7)

CS ( x) = x + F( x - x) p( x)L + p( x)c d ,
CNS ( x) = x + p( x)L ,

(8)
(9)

where

____________________
13

The presumption of negligence is also known as the res ipsa loquitur doctrine.
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where CS ( x) is D ’s cost when he submits evidence, and CNS ( x) is his cost when
he does not submit evidence. If D chooses to spend the cost c d to prove x , the
judicial outcome could be either z < x or z ³ x due to judicial error. In the
former case, D must pay the loss L and c d , and the probability that this case
would occur is Pr ob( z < x | x) = Pr ob(e < x - x | x) = F( x + x) . In the latter case,
D does not pay L , and the probability that this occurs is 1 - F( x - x) . If he does
not submit evidence, he would lose at court with certainty, as he has the burden of
proof. He will choose to submit evidence if CNS ( x) ³ CS ( x) , i.e., [1 + F( x c
x)]L ³ c d , or x ³ ˆx D º x - F -1(1 - Ld ) . Given that 1 - F( x - x) is increasing in x ,
D who took more care will prefer presenting evidence at the cost of c d . Moreover,
as c d approaches 0, ˆx D ( c d , L) goes to -¥ , which means that D would have
to submit evidence for almost all x , because it is better to submit evidence that is
even unfavorable to him than to lose with certainty by failing to submit it, as far as
the chance that the court interprets the evidence favorably is still positive.
If we assume that c d is very small, then the objective function given by (7) is
reduced to

C( x; D) = CS ( x) = x + F( x - x) p( x)L + p( x)c d
= x + p( x)( F( x - x)L + c d ) .

(10)

The first-order condition of minimizing (10) requires

¶C( x; D)
= 1 - [ p( x) f ( x - x) - p¢( x)( F( x - x)L + c d )]L - p¢( x)c d = 0 .
¶x

(11)

Given that [ ¶C¶(xx ) ]x = x = 1 - p¢( x )( L2 + c d ) - p( x ) f (0)L < 0 if f (0) ³ M for some
large M , it implies that D is likely to take over-precaution again when he has the
burden of proof, i.e., x DE > x .
In addition, the first-order condition (11) can be rearranged into

y D ( x DE ) º y P ( x DE ) + p¢( x DE )c d = 1 .

(12)

Given that p¢( x) < 0 , we have ( x <)x PE < x DE from the second-order condition.
Figure 3 illustrates this. Meanwhile, our main result follows.
Proposition 2 In the presence of judicial error, there is a large M(> 0) and a small
c (> 0) , such that for all M ³ M and for all c p , c d £ c (i) the defendant takes overprecaution if the burden of proof is assigned to the plaintiff, and (ii) assigning the burden
of proof to D aggravates the defendant’s over-precaution, i.e., x S < x PE < x DE .
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The intuition for the first result is clear, because a slightly higher level of care will
significantly reduce the uncertainty of being liable when the evidence submitted by
P is accurate. The intuition for the second result is that if the defendant bears the
burden of proof, he is likely to take more care to avoid an accident because he would
be expected to bear the extra burden if an accident occurred.
The result that the P -Rule is superior to the D -Rule appears to be a limiting
case of Proposition 1, but the reason is quite different. In the presence of judicial
error, the P -Rule is socially better than the D -Rule, because it can alleviate the
over-precaution of the defendant who would care about his burden of proof.
Proposition 2 suggests the possibility that D may take under-precaution if the
evidential signal is too noisy. Intuitively, if it is believed that evidence is so
inaccurate that it does not affect the trial decision very much whether the defendant
takes due care or not, he will prefer taking less than due care. In this case, D is
also likely to take more precaution when he bears the burden of proof than when
P bears the burden of proof for the same reason described above. Thus, assigning
the burden of proof to the defendant may be more efficient in the sense that it
alleviates his incentive to take under-precaution.
[Figure 3] Over-precaution under the D -Rule

3.3. Related Results
Proposition 2, which is our main result, is sharply contrasted with the result of
Gómez (2002), who argued that placing the burden of proof on the defendant
reduces his incentive to take due care, because it is costly to present proof of his due
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care.14 Under the D -Rule, however, the defendant presents evidence only if an
accident occurs. Thus, he has an incentive to take additional care to reduce the
probability of an accident, thereby forgoing the costly activity of presenting evidence
in this model with continuum choices of care rather than in his model of binary
choices of care level.15
Guerra et al. (2019) also obtained a result that is similar to Proposition 2. If D
bears the burden of proof and he is presumed to be negligent unless he proves his
non-negligence, then the rule (i.e., the D -Rule) can be interpreted as the res ipsa
loquitur rule. Their Proposition 4.1 states that the res ipsa loquitur doctrine increases
the robustness of the defendant’s incentive to take due care. Moreover, they added
that, “in the presence of high evidentiary problems, a presumption of negligence is
always more desirable than a presumption of non-negligence.” However, in our
model with judicial error, if the judicial error is small enough, the defendant does
not take due care, but rather takes too much care under a presumption of nonnegligence. This implies that the presumption of negligence is less desirable,
because it aggravates D ’s incentive to take over-precaution. This difference in
results is a consequence of differences in assumptions regarding judicial errors.
They assume that the court can make two kinds of errors, the type I error that
occurs when D fails to prove his own non-negligence despite being diligent, and
the type II error that occurs when P fails to prove D ’s negligence despite his
actual negligence. This implies that type I error cannot be caused by P , who tries
to persuade the judge into believing that D is negligent. That is, if x ³ x , P
cannot present evidence, whereas P may present evidence from his expectation
that z < x in our model. Similarly, in their model, type II error cannot be caused
by D ; thus, if x < x , it is not feasible for D to present evidence in order to
increase the probability that z ³ x . What constitutes evidence is not just a piece of
information but a collection of many pieces of information that can be interpreted
in various ways. In other words, z is not hard evidence for D ’s negligence or
non-negligence; in reality, P may present evidence in support of his position even
if D is, in fact, not negligent, leaving it to the judge or the jurors to determine
whether or not the submitted evidence is convincing. Another crucial difference is
that the probability that legal parties ( P or D ) fail to prove negligence (or nonnegligence resp.), denoted by a (or b resp.), is assumed to be identical for any
____________________
14
He also assumed the modified negligence rule incorporating sine qua non causality. However,
even if we replace the negligence rule with the modified rule, the result remains qualitatively
unaffected. Our main insight is still valid. For more details, see Section 4.
15
Another difference between the two models is that evidence is assumed to be conclusive in his
model, whereas evidence is assumed to be noisy in the current model. Therefore, D may present
evidence even if he takes less care in the hope that he is mistakenly found to not be liable. This might
be quite plausible, especially if x < x , but x is very close to x , although it cannot happen in his
model. In fact, his argument relies heavily on the assumption that the defendant who takes less than
due care does not present evidence.
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x such that x < x (or x ³ x resp.). In comparison, the probabilities of judicial
errors, F( x - x) when x ³ x (type I error) and 1 - F( x - x) when x < x (type
II error), vary with x in our model. In addition, a and b are independently
given in their model, while both type I and type II errors become smaller as the
expertise of the judge becomes higher (i.e., the variance of e is smaller). Owing to
the differences in assumptions on judicial errors and the resulting discontinuity in
the defendant’s payoff function, our main result of over-precaution under the
presumption of negligence degenerates in their model.

3.4. Social Welfare
Proposition 2 does not necessarily imply that placing the burden of proof on P
is socially better if evidence is accurate enough, because it may require a higher cost
of proof if c p > c d , although it alleviates the defendant’s incentive to take overprecaution. Next, we compare the total social costs under the two alternative rules.
First, consider the case that c p and c d are both so small that they are not
binding in the proof decision of P and D . Under the P -Rule, P will provide
evidence whenever x £ ˆx P , where ˆx P is so large that x < ˆx P , and thus D is
expected to take care x PE < ˆx P . Therefore, D takes more than due care, and P
bears the evidence cost c p . In contrast, under the D -Rule, D takes even more
care and provides evidence by incurring c d , thereby increasing his cost by c d .
Note that the evidence cost is incurred under either rule, because
ˆx D < x PE < x DE < ˆx P .16 Therefore, if c p = c d , the P -Rule is socially better, as it
induces less over-precaution, while incurring the same cost of presenting evidence.
Next, consider the case in which c d is very high, while c p is small. On the one
hand, under the P -Rule, P submits evidence for most values of x( x £ ˆx P ( c p )) ,
as c p is small; thus, D is likely to take over-precaution as we argued. On the
other hand, under the D -Rule, D does not submit evidence for most values of
x( x < ˆx D ) . This means that he will be liable whenever an accident occurs, implying
that the liability rule is almost similar to the strict liability rule.17 Then, D will
take the first-best level of care, because he must bear all the externality he incurs
regardless of his actual care level. Therefore, paradoxically, it is socially better to
place the burden of proof of D if c d is very high, because it can induce him to
take the first-best care and there is be no proof cost incurred.
Proposition 3 In the presence of judicial error, there exists a large cost threshold, c ,
such that for all c d ³ c , placing the burden of proof on D achieves the first-best
outcome.
____________________
This is due to the fact that lim cd ®0 ˆx D = -¥ and lim c p ®0 ˆx P = ¥ .
Demougin and Fluet (2005), Salvador-Coderch et al. (2009), and Guerra et al. also noted that the
negligence rule under a presumption of negligence degenerates into the strict liability rule.
16
17
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This proposition implies that it may be socially efficient to make the standard of
proof very strict and to place the burden of proof on D in the sense that it can
induce D to take the first-best level of care. This is not surprising, although
paradoxical, because the strict liability rule achieves the first-best when there is
judicial error while the negligence rule does not. We note that this result in
Proposition 3 resembles the result we obtained in the absence of judicial error. This
is also clear, because if D does not submit evidence due to the high cost, it no
longer matters whether the evidence is noisy or not.
Finally, if c p is so high that ˆx P < x , D will not take due care, i.e., he will
take the level of care ˆx P + e (< x ) under the P -Rule. Figure 4 illustrates this. D
has no need to take more than ˆx P (+e ) , as P does not provide evidence for it due
to the high proof cost; thus, D avoids any liability anyhow. In comparison, under
the D -Rule, a high c p does not matter at all, because D has the burden of
proof. Then, as shown above, D takes over-precaution as far as the evidence
signal is accurate and incurs his cost of proof c d . Given that SC P = ˆx P + p( ˆx P )L
and SC D = x D + p( x D )( L + c d ) , where ˆx P < x < x D , it is ambiguous to compare
social welfare under the two rules.
[Figure 4] Care-taking incentive under the P -Rule when c p is high

IV. The effect of the sine qua non rule
Some scholars, including Grady (1983), Kahan (1989), and Gómez (2002), argue
that the standard negligence rule fails to violate the causation requirement that a
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defendant is liable only for accidents that would not have occurred had he not been
negligent. They thus propose a modified negligence rule under which a defendant
is liable only for accidents caused by his negligence.
This modification has some advantages over the standard negligence rule. In
particular, it maintains the continuity of the defendant’s cost function. Under the
standard negligence rule, the defendant’s cost function decreases gradually up to the
due care and at this due care level, the cost jumps down discontinuously. However,
under the modified sine qua non rule, his cost decreases smoothly up to the due care
level and then begins to increase beyond this care level continuously, although the
slope of the cost function changes discontinuously at this sharp turning point of the
due care level. Moreover, it seems to be more consistent with the observation in the
real world. Under this rule, a potential defendant’s care level is continuous
(constant), as the government keeps increasing the due care level, whereas he keeps
increasing the care level and then reduces it discontinuously at some point, with a
continuous change in the due care level under the standard negligence rule.
To model the sine qua non rule, we assume that D is liable only for the
(expected) amount exceeding the expected damage amount that would have been
incurred if he had taken due care.18 Thus, the court-awarded judgement amount
w can be determined by the equation p( x)w = ( p( x) - p( x ))L , i.e., w =
p( x )- p( x )
L º [1- d ( x)]L , where d ( x) = pp(( xx )) is a discount rate.19 Under this rule, if
p( x )
D takes due care, the court judgement is fully discounted (d ( x ) = 1) ; if x < x , it
p( x )
is partially discounted (d ( x) = p( x ) < 1) . Note that implementing this rule requires
the assumption that the court can observe x perfectly along with p( x) as well.
Now, suppose that the court cannot observe x ; thus, eliciting some information
of x requires either party to submit evidence. If the burden of proof is placed on
P and there is no evidential error, P submits evidence if and only if x < x .
Thus, the defendant’s cost function under the modified negligence rule can be
calculated as follows:
____________________
18
In a more general case wherein the loss due to an accident itself depends on the defendant’s care
level, i.e., L = L( x) , where L¢( x) < 0 and L¢¢( x) > 0 , one can use an alternative interpretation for
the judgement under the sine qua non rule as w% = L( x) - L( x ) . Then, it is easy to see that the
defendant does not take due care but takes under-precaution under this rule. Under this rule, D
does not bear all the social costs but gets a discounted possible damage amount when due care is taken.
This implies that a fall in the accident probability reduces the discount, thereby weakening the
incentive to take care to reduce an accident. This under-precaution result does not appear when the
damage amount is fixed, because the amount to be discounted under this rule, p( x )L , is independent
of x .
p( x )- p( x )
19
This damage rule,
L , is also called a “proportional rule.” This rule has been used by
p( x )
Grady (1983), Kahan (1989), Gómez (2002), Schweizer (2009), and Stremitzer and Tabbach (2014) to
model the sine qua non rule and the implied causation requirement. Alternatively, one can model the
sine qua non rule by using a non-proportional rule, such as L - p( x )L , but this rule induces D to
take under-precaution, as explained in Footnote 18.
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ì x + ( p( x) - p( x ))L if x < x
Cˆ0 ( x; P) = í
if x ³ x .
îx

(13)

This cost function is continuous at x = x , because lim x ® x - Cˆ0 ( x; P) = Cˆ0 ( x ; P) .
The sine qua non rule aims to make the defendant’s compensation cost almost zero
when he almost takes due care, so his cost function must be clearly continuous.
Note, however, that Cˆ0 ( x; P) is not differentiable at x = x , because lim x ® x - Cˆ0¢
( x; P) = 0 ¹ 1 = lim x ® x + Cˆ0¢( x; P) .
Under this modified rule, D still chooses x = x at which Cˆ0 ( x; P) achieves
its minimum. Figure 5 shows the continuous function Cˆ0 ( x; P) and its minimum
at x = x under the P -Rule. It is clear that D has no incentive to choose x > x ,
because increasing a care level beyond x only incurs the care-taking cost without
bringing any benefit at all. D has no incentive to reduce a care level at x = x ,
because x = x S is the care level that equates the marginal cost through an increase
of the accident probability with the marginal benefit of saving the care-taking cost.
[Figure 5] P -Rule under the sine qua non rule

Meanwhile, if D bears the burden of proof, clearly, he is not likely to prove his
own negligence if x < x . Then, the cost of D depends on whether or not P
proves D ’s negligence. This, in turn, relies on the court’s belief about x if there
is no evidence to be presented. Let x e be the court’s belief after no evidence is
submitted. We assume the most pessimistic belief, i.e., that x e = 0 . Then, if D
does not prove his negligence, P does not prove D ’s negligence either, because
(1 - d ( x))L - c p < (1 - d (0))L , i.e., P ’s payoff when he proves D ’s negligence is
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lower than his payoff when he does not. The inequality directly follows from the
fact that d ( x) is strictly increasing in x . This implies that
Cˆ0 ( x; D) = x + p( x)(1 - d (0))L

(14)

if x < x .20 If x ³ x , then the total cost of the defendant is

Cˆ0 ( x; D) = x + p( x)min{c d ,(1 - d (0))L} ,

(15)

because he will prove his non-negligence if c d < (1 - d (0))L and he will not
otherwise. Thus, if c d < (1 - d (0))L , D ’s cost function is expressed as
ì x + p( x)(1 - d (0))L if x < x
Cˆ0 ( x; D) = í
if x ³ x .
î x + p( x)c d

(16)

Hence, roughly speaking, the cost function becomes discontinuous at x due to the
p(0)- p( x )
most pessimistic belief leading to p( x)(1 - d (0)L = p( x) p(0) L ¹ 0 at x = x .
The discontinuity of Cˆ0 ( x; D) is shown in Figure 6. Owing to the discontinuity,
he will take x D = x% < x or x D = x , depending on x% + p( x%)( p(0) - p( x ))L <> x +
p( x )c d , where x% º arg min x < x x + p( x)(1 - d (0))L . On the one hand, if Cˆ0 ( x%; D) =
x% + p( x%)( p(0) - p( x ))L is lower than x + p( x )c d , D takes under-precaution to
avoid the burden of proof. This is illustrated in Figure 6. Notably, it is still possible
for D to take due care if c d is very small, because he would rather take due care
and prove his negligence rather than compensate after taking under-precaution.
The possible under-precaution result is due to the effect of avoiding the evidence
cost, which corresponds with the insight provided by Gómez (2002). On the other
hand, if c d ³ (1 - d (0))L , min{c d ,(1 - d (0))L} = (1 - d (0))L . In this case, D does
not prove his negligence due to the high proof cost. Thus, his total cost is

Cˆ0 ( x; D) = x + p( x)(1 - d (0))L ,

(17)

whether x < x or x ³ x . Therefore, D is likely to choose x% < x , i.e., take
under-precaution, because he does not want to prove his non-negligence even if he
takes due care. The high proof cost makes D liable for any x ; hence, the
negligence rule is essentially the same as the strict liability rule. Thus, under the
modified (discounted) award rule, the defendant’s incentive to take care is reduced
if D bears the burden of proof. Again, this is consistent with the insight of Gómez
____________________
20

If we assume that p(0) = 1 , 1 - d (0) º
rule provided in Footnote 19.

p(0)- p( x )
p(0)

is reduced to 1 - p( x ) as the non-proportional
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(2002).
[Figure 6] D -Rule under the sine qua non rule

Now, if there is evidential error (judicial uncertainty), the court-awarded
judgement becomes complicated, because the true value of x is not observable. In
this case, the court may use z as a proxy for x . Then, the judgement becomes
w = r ( z)L , where r ( z) = 1 - d ( z) is the discount factor given that the court’s
interpretation of evidence x is z . Thus, if P bears the burden of proof, the
defendant’s cost function under the modified negligence rule can be calculated as
ì x + p( x)F( x - x)L( x)L if F( x - x)L( x)L ³ c p
,
Cˆ( x; P) = í
otherwise
îx

(18)

where L( x) = ò ¥-¥ r ( x + e )dF(e ) . Here, F( x - x) is the probability that D is
found to be negligent, and L( x) is the expected discount factor given that D
takes a care level x . Thus, F( x - x)L( x)L is the expected award at trial when an
accident occurs.
Assuming that the second-order condition is satisfied21 and that c p is very low,
then the first-order condition implies that
____________________
2ˆ

¶ C( x ; P )
The second-order condition requires ¶x2 = [ h¢¢L + ( h + h¢)L¢ + hL¢¢]L > 0 . If evidence is so
¶ 2 Cˆ( x ;P )
accurate that hL¢ becomes negligible, ¶x2 » h¢¢LL = [ p¢¢F - 2 p¢f + pf ¢( x - x)]LL > 0 for x > x ,
because | f ¢| is very small.

21
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= 1 + h¢( x)L( x)L + h( x)L¢( x)L = 0 ,
¶x
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(19)
p( x )

where h( x) = p( x)F( x - x) . If evidence is very accurate, r ( z = x + e ) = 1 - p( x +e )
» 0 , and accordingly r ( z = x + e ) » 0 for all x > x . Thus, h( x)L¢( x)L is
ˆ
negligible. Then, ¶C(¶xx; P ) > ¶C(¶xx; P ) for all x ³ x , because L( x) < 1 , thus implying
that x PM ³/ x , where x PM satisfies (19). Therefore, we have x PM < x (see Figure
7). Intuitively, increasing a care level involves the direct cost of taking care apart
from the indirect compensatory cost. Under the negligence rule, if D increases x
marginally due to the conduct of due care, the direct marginal cost is exceeded by
the marginal benefit of saving the marginal indirect compensatory cost resulting
from the judicial error. Under the sine qua non rule, the marginal benefit is smaller
because of the discount in the compensation, so that increasing x above x
simply increases the total cost. Similarly, reducing a care level does not increase the
defendant’s compensatory cost very rapidly due to judicial error. Therefore, a
defendant has an incentive to take less care under this rule. This is the source of the
under-precaution result. Figure 7 illustrates this. In Figure 7, ( p( x) - p( x ))L and
( p( x) - p( x ))F( x - x)L( x)L are D ’s accident costs in the case of no judicial error
and in the case of judicial error when the sine qua non rule is applied, respectively.
The graphs show how judicial errors change D ’s cost under the sine qua non rule.
[Figure 7] P -Rule under the sine qua non rule and judicial errors

In this case, the possibility of judicial error plays a crucial role in the incentive to
take due care. Intuitively, the effects of one unit more care and one unit less care
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from the due care are asymmetric in the sense that the effect of the latter is greater
due to the possibility that he is found to be not liable (type II error).
This is in contrast with the over-precaution result under the standard negligence
rule in the presence of judicial error. Under the standard negligence rule, reducing a
care level from x is detrimental, because the cost jumps up discontinuously at the
point. However, the continuity at x that is recovered by the modified rule
significantly reduces the negative effect of reducing a care level. That is, the
continuity imposed by the modified negligence rule induces the defendant to take
less care than due care in the face of judicial error.
If D bears the burden of proof, his cost function is slightly modified by adding
the proof cost c d as follows:

Cˆ( x; D) = x + p( x)F( x - x)L( x)L + p( x)c d ,

(20)

assuming that c d is so low that D always prefers proving his non-negligence. If
we compare Equation (20) with Equation (16), which is D ’s cost function without
judicial errors, the only difference is the second term in Equation (20). This
indicates that even if he proves his non-negligence, D may pay for the losses due
ˆ
ˆ
ˆ
to judicial error. As ¶C(¶xx; D ) = ¶C(¶xx; P ) + p¢( x)c d < ¶C(¶xx; P ) due to p¢( x) < 0 , it follows
from the second-order condition that x DM > x PM , i.e., D takes more care when he
bears the burden of proof than when P bears the burden of proof. Thus, D may
take over-precaution due to the evidence cost. Again, the intuition is that D has
an additional incentive to avoid an accident if he has to bear the cost of proof.
Proposition 4 In the presence of judicial error, the defendant takes more care when the
burden of proof is placed on him than when it is on the plaintiff under the sine qua non
rule.
Before we close this section, we must compare our result with that of Gómez
(2002), arguing that that D takes under-precaution when he has the burden of
proof if the sine qua non rule is adopted. His main intuition is that it costs more if he
takes due care because of the proof cost. Note, however, that his result is obtained
under the assumption of no judicial uncertainty. With judicial error, the defendant’s
proof cost is incurred whether or not he takes due care. Furthermore, the proof cost
is incurred only if an accident occurs. Therefore, he has an incentive to take more
care to avoid the accident, thereby saving the proof cost in the presence of judicial
uncertainty. Due to this additional effect, D takes more care when he bears the
burden of proof. However, it is not certain that he would take more care than due
care under the D -Rule. Both x DM > x and x DM < x are possible, depending on
c d . Hence, it is ambiguous which of the two rules, P -Rule and D -Rule, yields a
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lower social cost under the sine qua non rule.

V. Discussions
In this section, we discuss how various modifications of our burden of proof
model affect the results stated in Propositions 2 and 3.

5.1. Bilateral Accident
So far, we only considered unilateral accidents by assuming that the probability of
an accident depends on the care level of D . However, it is more realistic to assume
that P can reduce the accident probability by taking more care. Thus, in this
subsection, we consider bilateral accidents whose probability depends on the care
level by P as well as the care level by D .22 Let y be the care level of P and
p( x , y) be the accident probability. We assume that px , py < 0 and
pxx , pyy > pxy > 0 . The last inequality ( pxy > 0) implies that the cares by D and
P are substitutes for each other. The other inequality, pxx , pyy > pxy , is just a
technical assumption for the second-order condition of social optimum.
The total social cost in the case of a bilateral accident can be defined by

C( x , y) = x + y + p( x , y)L .
Then, social optimum requires the following:

¶C( x , y)
= 1 + px ( x , y)L ,
¶x
¶C( x , y)
= 1 + py ( x , y)L .
¶y

(21)
(22)

Socially optimal care levels, denoted as x S and yS , can be obtained by solving the
two Equations (21) and (22), respectively. These can be expressed as the point at
which the two implicit functions x * ( y) and y* ( x) intersect, thus satisfying
Equations (21) and (22), respectively.
It is well known that if there is no judicial error, the simple negligence rule
whereby D is liable if and only if x < x regardless of y achieves the social
optimum, i.e., x N = x S and y N = yS , if x = x S , where x N and y N are the
____________________
22
The formal analysis for bilateral accidents was first provided by Brown (1973) and slightly
modified by Diamond (1974) in a subsequent work.
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Nash care levels of D and P , respectively.23 What if we consider the possibility
of judicial error in the case of bilateral accidents? We thus compare the two cases
that the burden of proof is placed on P and D , respectively.
Suppose the burden of proof is placed on P . If c p is so low that P would
want to submit evidence, then the corresponding cost functions of D and P are
as follows:

C D ( x , y; P) = x + p( x , y)F( x - x)L ,
P

C ( x , y; P) = y + p( x , y)[(1 - F( x - x))L + c p ] .

(23)
(24)

P
The best response of D to y, xBR
( y) is then obtained from the first-order
condition of (23) given by

CxD ( x , y; P) = 1 + ( px F - pf )L = 0 .

(25)

To determine the slope of the best response function, we differentiate (25) with
respect to y to obtain

CxxD ( x , y; P)dx + ( pxy F - py f )Ldy = 0 .

(26)

P
Given that CxxD > 0 from the second-order condition, we have dxBR
/ dy =
D
P
-( pxy F - py f )L / Cxx < 0 , implying that xBR ( y) is downward sloping. Further,
P
note that xBR
( y N ) > x N if z is very informative due to the over-precaution result,
which we obtained in Section 3.
P
Similarly, the best response of P to x , yBR
( x) , can be obtained from the firstorder condition of (24) expressed as

CyP ( x , y; P) = 1 + py[(1 - F( x - x))L + c p ] = 0 .

(27)

P
If c p = L , we have (1 - F( x - x))L + c p < L , such that yBR
( x) < yBR ( x) for all
N 24
x £ x . Figure 8 illustrates the equilibrium care levels, which are denoted by
x PE and y PE .25 The figure shows that x PE > x S and y PE < yS . In other words,
under the P -Rule, D takes over-precaution and P takes under-precaution in
the presence of judicial error.26 It now becomes intuitively clear why D takes

____________________
23

See Shavell (1987) for this result.
P
For x > x N , it is possible that yBR
( x) > yBR ( x), but the result remains unaffected insofar as
P
xBR ( y) is downward sloping.
25
Note that we abuse notation for the sake of parsimony.
26
Of course, the result of D ’s over-precaution holds only when z is very informative.
24
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over-precaution once the possibility of judicial error is introduced. In contrast, P
takes under-precaution for two reasons. First, the possibility of judicial error lowers
P ’s cost when D chooses to exactly follow the legal standard of due care ( x = x ) .
This is because P now enjoys the possibility of winning at court due to judicial
error. On the other hand, P ’s new source of cost savings from reduced expenditure
on the care level comes at the expense of extra proof cost, c p . However, if c p is
small enough that the effect of the cost increase is dominated by the former effect of
the cost decrease, then P will take less care than when there is no error. Second,
x is no longer the individually optimal care for D . Given that the other party
takes more care than x , P must respond optimally to x > x by lowering his
care level due to the substitutability between x and y , especially if the accidentpreventing effect of y , | py |, is small.27
[Figure 8] Care levels in a bilateral accident when P (or D ) bears the burden of proof

Now, let us consider the D -Rule. If c d is so small that D submits evidence,
the costs of D and P are as follows:
C D ( x , y; D) = x + p( x , y)[ F( x - x)L + c d ] ,
P

C ( x , y; D) = y + p( x , y)(1 - F( x - x))L .

(28)
(29)

____________________
27
If y is very effective in preventing an accident, P may increase y as an optimal response to
an increase in x (thereby increasing P ’s losing probability) in order to reduce the likelihood of an
accident.
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The first-order condition of the optimization problem (28) implies that D must
take more over-precaution than when the burden of proof is on P , because of the
extra term p( x , y)c d . Intuitively, if D takes an additional unit of care, it saves his
proof cost. This savings on proof cost is the reason why he takes more care. Thus,
the best response curve of D shifts outward. Similarly, the first-order condition of
P ’s optimization problem (29) implies that P takes more under-precaution due
to the absence of the term, p( x , y)c p . Intuitively, when the burden of proof is
placed on P , an increase in y has the effect of reducing the accident probability,
thereby reducing his proof cost. However, if P does not bear the burden of proof,
this effect disappears; thus, P has less incentive to take care, which shifts his best
response curve downward. As a result, it follows that x PE < x DE and y PE > y DE .
Figure 8 illustrates this point. The upshot is that it is socially better to place the
burden of proof on P , because otherwise, D ’s over-precaution and P ’s underprecaution may be aggravated.

5.2. Positive Filing Cost
A case is initiated only when P files it. Thus far, we have implicitly assumed
that the filing cost is negligible, implying that whenever an accident occurs, P
always files the case. In this subsection, we assume alternatively that the cost of
filing a case is c > 0 ; thus, P ’s decision to file a case becomes non-trivial.
The interaction between P and D can be modelled by the following
extended game. First, D chooses his care level x . Then, an accident may occur
with probability p( x) . If the accident occurs, P decides whether to file the case.
If the case is filed, it goes to trial. During the trial, the party who bears the burden of
proof decides whether or not to submit evidence, and the court makes a judicial
decision, based on the evidence presented. For simplicity, we assume that there is
no judicial error.
We first consider the case that c p , c d < L . In Section 2, we obtained the
neutrality result that x = x regardless of whether the burden of proof is placed on
P or D , if c = 0 . If c > 0 , the neutrality result does not hold.
Under the D -Rule, if D takes x = x in equilibrium, P will not file
because he knows that even if he files, he will lose the case by the evidence D
submits. But if D takes x < x , P will file. Thus, D will prefer taking due
care x because x < x + p( x)L for all x < x .
The situation is similar under P -Rule, although the equilibrium outcome
differs whether L > c p + c or L < c p + c . Consider the case that L < c p + c so
that not filing is a credible option for P . If x = x , P would prefer not filing the
case, because D will submit evidence and so P will lose if filing the case. If D
takes x < x , P would not file due to the high filing cost, because P ’s payoff
when he files is L - c p - c < 0 . Therefore, if D knows that P will not file
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whether or not he takes due care, he will take x = 0 . If L > c p + c , P will file the
case only when D takes x < x . Knowing this, D will take due care.
If c d > L , under the D -Rule, D chooses x = x , because D knows that P
will file the case and then he will always be found liable due to failure to submit
evidence, which is the same situation as that under the strict liability rule. Under the
P -Rule, however, D ’s large proof cost cannot be a problem, because P bears the
burden of proof. Thus, on the one hand, as in the case where c d < L , D chooses
x = x if c p + c < L , because P will choose to file. 28 On the other hand, if
c p + c > L , D will take x = 0 , as P will choose not to file, which is the same
situation as that under the no liability rule. Therefore, in this case, it is better for D
to bear the burden of proof for the same reason that the strict liability rule is socially
better than the no liability rule.

5.3. Incomplete Information about the Plaintiff’s Cost
Often, it is more difficult (even impossible) for the plaintiff to prove the
defendant’s negligence than for the defendant to prove his own negligence. Aware
of this reality, in this section, we consider the possibility that c p > c d . In particular,
we assume that P ’s cost of gathering evidence is either c H or c L , where c H >
L > c L , c d . It is not known to the defendant whether c p is c H or c L , whereas
the plaintiff knows it. The assumption that c H > L implies that it is too costly to
prove that D is negligent. The probability that c p = c H is a Î (0,1) . This
probability is common knowledge among players. For the time being, we assume
that there is no judicial error.
Suppose the burden of proof is placed on P . The low-type plaintiff with c p =
c L will gather and present evidence if and only if x < x , whereas the high-type
plaintiff with c p = c H will not gather evidence, as the net benefit from gathering
evidence is L - c H < 0 . Knowing this, D will choose x to minimize as follows:
ì x + (1 - a ) p( x)L if x < x
C0 ( x; P) = í
if x ³ x .
îx

(30)

Under this rule, D who chooses x < x will be liable for L only if the accident
occurs and P presents evidence that x < x . The former probability is just p( x) ,
and the latter probability is 1 - a . Therefore, if a is large enough, i.e., P is very
likely to fail to present evidence, then D may take less care than x . In this case,
due to the possibility of high proof cost, the liability rule cannot fully internalize the
____________________
28

If we consider other trial costs k , P will file if c p + c + k < L , i.e., P is less likely to file, and
D will choose x *( k) to minimize x + p( x)( L + k) , where x *( k) is slightly higher than x S due
to the extra cost k .
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negative externality from the accident (see Figure 9).
[Figure 9] Care-taking incentive when c p = c H or c L

The analysis when the burden of proof is placed on D is not affected by the
possibility that c p = c H (see Figure 1). Therefore, we have the following proposition:
Proposition 5 In the absence of judicial error, if the plaintiff’s cost of proof is either c L
or c H with c H > L , there exists a > 0 , such that for all a ³ a , it is socially
efficient to place the burden of proof on D . In particular, the equilibrium care level of
the defendant is lower and the social cost is higher when the burden of proof is on P ,
i.e., (i) x P < x D and (ii) SC P > SC D .
Proof. (i) It is clear because x P < x = x D . (ii) SC P ( x P ) = x P + p( x P )L > x + p( x )L
> x + p( x )c d = SC D ( x ) . The first inequality is due to the fact that x = x S
minimizes the social cost by the definition of x S and the second inequality is due
to the assumption that c d < L .
This proposition implies that if there is a possibility that c p is very high (for
example, it is very difficult to prove the negligence of experts, such as surgeons,
lawyers, mechanics, etc.), it is socially better for the defendant to bear the burden of
proof, because the possibility itself induces D to take under-precaution otherwise.
That is, the neutrality result does not hold under this possibility of high c p .
Certainly, this result depends on the assumption of no judicial error. In the
presence of judicial error, if the burden of proof is on P , he will submit evidence if
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F( x - x)L > c p . Given that c L < L < c H , a high-type P will not file and a lowc
type P will file only if F( x - x)L ³ c L , i.e., x £ ˆx P ( c L ) º x - F -1( LL ) . Thus, D ’s
cost function is expressed as

ì x + (1 - a ) p( x)F( x - x)L if x £ ˆx P ( c L )
C( x; P) = í
if x > ˆx P ( c L ).
îx

(31)

Only the low-type P submits evidence when x £ ˆx P ( c L ) , and neither type of P
submits evidence when x > ˆx P ( c L ) . If c L is low enough to guarantee the interior
solution for minimizing (31), then the optimal care level x PE must satisfy the
following first-order condition:

¶C( x; P)
= 1 - (1 - a )[ p( x PE ) f ( x - x PE ) - p¢( x PE )F( x - x PE )]L = 0 .
¶x

(32)

Again, if z is very informative, we have [ ¶C(¶xx; P ) ]x = x < 0 , implying that x PE > x .
In comparison, if the burden of proof is placed on D , then the incomplete
information of c p does not affect the cost function of D , so D ’s decision will
not be affected. Therefore, the ambiguous result obtained in Section 3 will remain
unaffected.

VI. Conclusion
In this paper, we compared the two rules of assigning the burden of proof. We
showed that if the burden of proof is assigned to plaintiffs, it can save the trial costs
(cost of proof) when there is no possibility of judicial error and alleviate the
defendant’s incentive to take too much care when there is some possibility of
judicial error if the proof costs are low. We also argued that if it is too costly for a
plaintiff to prove the defendant’s negligence, then it may be socially better to place
the burden of proof on the defendant, because otherwise the defendant could have
the incentive to take too little care. This is especially the case when the defendant is
an expert, like a doctor, lawyer, or manufacturer. Thus, the finding suggests that it
is desirable to apply different rules of the burden of proof assignment to areas
requiring either high or little expertise.
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