
Technical Appendix

In our Technical Appendix, to simplify notations, we denote the L-type firm’s product

failure, profit, and price as functions of its advertising strategy λ ∈ [0, 1], which represents

the probability the L-type firm truthfully reports mL. In particular, λ = 0 indicates a

pooling equilibrium, while λ = 1 implies a separating equilibrium. Hence, we drop “mH”

and replace G(λ, mH), π
j
i(λ, mH) and pj(λ, mH) by G(λ), π

j
i(λ) and pj(λ), respectively for

the liability rule j ∈ {S, C} and firm type i ∈ {L, H}, where S indicates the strict liability

and C indicates the comparative negligence rule.

Appendix A

Proof of Lemma 1

Proof. In the first benchmark model where the product quality is publicly observable and

precaution effort is endogenized, under the strict liability rule, the consumer’s optimal

precaution effort ẽS
i is the solution of

∂Fi(e)
∂e

(l − s) + c′(e) = 0;

and under the comparative negligence rule, the consumer’s optimal precaution effort ẽC
i

is the solution of
∂Fi(e)

∂e
l + c′(e) = 0.

Given that ∂2Fi(e)
∂2e = 0, it is obvious that ∂ẽS

i
∂s < 0 and ∂ẽC

i
∂s = 0. Since ẽS

i = ẽC
i when s = 0, it

must be that ẽC
i > ẽS

i for any positive s.

The type i firm’s profit under both product liability rules shares the same function form:

π̃i = v− Fi(ẽi)l − c(ẽi).

It is obvious that the comparative negligence rule yields the first best consumer effort by

the first order condition. As the consumer’s optimal precaution effort is always lower

under the strict liability rule, then π̃C
i > π̃S

i . Thus, it must be that firm’s expected profit

is higher under the comparative negligence rule, i.e., Π̃C > Π̃S.

Finally, we discuss the impact of s on firm’s expected profit. Under the comparative

negligence rule, since precaution effort is invariant with s, the expected profit would not
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be affected by s as well. Under the strict liability rule, by the first order condition of

consumer optimization,
∂π̃S

i
∂s

= −
∂Fi(ẽS

i )

∂ẽS
i

∂ẽS
i

∂s
s < 0.

Therefore, the increasing penalty would hurt the firm under the strict liability rule.

Proof of Lemma 2

Proof. In the proof of this lemma, we keep precaution effort e in G(·), as e can take two

possible exogenous values eb and e.

In the second benchmark model where the consumer’s precaution effort is fixed at

e ≤ eb, under the comparative negligence rule, given the quality message mH, consumer’s

expected utility is UC(mH, e) = v − G(λ, e)
(

l − G(λ,eb)
G(λ,e) s

)
− p − c(e), where G(λ, e) =

(1−λ)α
(1−λ)α+(1−α)

FL(e)+
(1−α)

(1−λ)α+(1−α)
FH(e), G(λ, eb) =

(1−λ)α
(1−λ)α+(1−α)

FL(eb)+
(1−α)

(1−λ)α+(1−α)
FH(eb).

As the consumer purchases the product if and only if UC(mH, e) ≥ 0, then the op-

timal retail price charged by the firm is pC(λ) = v − G(λ, e)l + G(λ, eb)s − c(e), and

the optimal profit achieved by the L-type firm is πC
L (λ) = pC(λ) − FL(eb)s. If instead,

the L-type firm reports mL, its profit is πC
L (mL) = pC(mL) − FL(eb)s, where pC(mL) =

v− FL(e)l + FL(eb)s− c(e).

πC
L (λ)− πC

L (mL) = pC(λ)− pC(mL)

= [FL(e)− G(λ, e)]l − [FL(eb)− G(λ, eb)]s

> [FL(eb)− G(λ, eb)](l − s)

≥ 0.

Thus, in equilibrium, the L-type firm would always send quality message mH (i.e., λ = 0),

and the firm’s expected profit is

ΠC
= απC

L (0) + (1− α)πC
H (0) = v− G (0, e) l − c (e) .

Under the strict liability rule, it can be proved that the L-type firm would prefer to

report mH in a similar fashion. As the profit difference is

πS
L(λ)− πS

L(mL) = [FL(e)− G(λ, e)](l − s) ≥ 0.

The corresponding expected profit is

ΠS
= απS

L (0) + (1− α)πS
H (0) = v− G (0, e) l − c (e) .
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Obviously, ΠS
= ΠC. In addition, as s has no impact on firm’s advertising strategy or

consumer’s precaution effort, it would not affect the firm’s expected profit.

Proof of Proposition 1

Proof. As the proof of this proposition is lengthy, we provide an outline of the proof,

which contains three main steps.

First, we prove that if k is sufficiently large, the separating (pooling) equilibrium holds

when the penalty s is relatively large (small). The separating equilibrium is sustained

when the L-type firm has no incentive to report mH even if consumers have the most

optimistic belief, i.e, πS
L(mL) > πS

L(1), while the pooling equilibrium holds when πS
L(0)−

πS
L(mL) > 0. Then, intuitively, our argument is valid when two inequalities hold

∂
[
πS

L(1)− πS
L(0)

]
∂s

< 0 and
∂
[
πS

L(0)− πS
L(mL)

]
∂s

< 0. (1)

Second, we show that a unique hybrid equilibrium is supported for intermediate s. The

key to establishing this argument is that the L-type’s profit is a U-shape (convex) function

of λ, so that there exists a unique λ that makes the L-type firm is indifferent between

truth-telling and lying, i.e., πS
L(mL) = πS

L(λ).

Finally, we show that the H-type never lies. In this version, we provide more explana-

tions, intermediary steps and intuitions during the proof process.

Let’s start with separating and pooling equilibrium, we try to prove that (1) hold if k is

sufficiently large. These two inequalities indicate that separating (pooling) equilibrium is

more likely to be sustained when s is sufficiently large (small). From (11) in the main text,

πS
L(λ) = v− G(λ)(l − s)− c(eS)− FL(eS)s,

∂πS
L(λ)

∂s
=

[
−∂G(λ)

∂eS (l − s)− c′(eS)

]
∂eS

∂s
+ G(λ)− FL(eS)− ∂FL(eS)

∂eS
∂eS

∂s
s.

From the FOC of consumer’s optimal effort that determines eS ≡ eS(λ),

− ∂G(λ)

∂eS (l − s)− c′(eS) = 0. (2)

Hence, we have
∂πS

L(λ)

∂s
= G(λ)− FL(eS)︸ ︷︷ ︸

direct e f f ect

− ∂FL(eS)

∂eS
∂eS

∂s
s︸ ︷︷ ︸

indirect e f f ect

,
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thus,

∂
[
πS

L(1)− πS
L(0)

]
∂s

=G(1)− G(0)−
[

FL(eS(1))− FL(eS(0))
]

−
[

∂FL(eS(1))
∂eS

∂eS(1)
∂s

− ∂FL(eS(0))
∂eS

∂eS(0)
∂s

]
s.

As penalty s increases, there are two effects on the L-type firm’s profit. On the one hand,

the firm has to pay higher compensation and its profit decreases, which is defined as the

direct effect. On the other hand, consumer’s precaution effort decreases with s, which

then increases failure rate. First, we show that the difference of direct effect is negative.

From (3) in the main text,

G(1)− G(0)−
[

FL(eS(1))− FL(eS(0))
]

= FH(eS(1))− FL(eS(1))︸ ︷︷ ︸
<0

+ (1− α)
[

FL(eS(0))− FH(eS(0))
]

︸ ︷︷ ︸
>0

<FH(eS(1))− FL(eS(1)) +
[

FL(eS(0))− FH(eS(0))
]

=
∫ eS(1)

eS(0)

[
∂FH(e)

∂e
− ∂FL(e)

∂e

]
de < 0.

The last inequality holds as eS(1) < eS(0) and ∂FH(e)
∂e > ∂FL(e)

∂e . In terms of the difference

between indirect effect, from (2), it can be derived that

∂eS

∂s
=

1
k

∂G(λ)

∂eS ,

which implicates the indirect effect would be small if k is sufficiently large. In that case,

the direct effect dominates and we have

∂
[
πS

L(1)− πS
L(0)

]
∂s

< 0.

In a similar fashion, it is true that

∂
[
πS

L(0)− πS
L(mL)

]
∂s

< 0.

As a result,
∂
[
πS

L(1)− πS
L(mL)

]
∂s

< 0.

From Equation (11) in the main text, it is clear that πS
L(mL) > πS

L(1) if s is sufficiently

close to l, as the penalty is too strong that dominates the gain from cheating. Combining

with the fact that πS
L(1)−πS

L(mL) monotonically decreases with s, there must be a unique
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s, such that πS
L(mL) > πS

L(1) if s ≥ s and a separating equilibrium can be supported. Sim-

ilarly, (10) implies that πS
L(0)− πS

L(mL) > 0 if s is close to 0. Thus, a pooling equilibrium

can be sustained when s ≤ s.

Then, we turn to the existence and uniqueness of hybrid equilibrium. There are two

parts that need to be proved. (i) s ≥ s; (ii) for s ∈ (s, s), there is a unique λ∗ that makes

πS
L(mL) = πS

L(λ
∗), which supports a hybrid equilibrium. Both parts can be proved by

showing that ∂2πS
L(λ)

∂λ2 > 0. Since ∂2F(q,e)
∂e2 = ∂2F(q,e)

∂q2 = 0,

∂2πS
L(λ)

∂λ2 = −
[

∂2G(λ)

∂λ∂eS
∂eS

∂λ

]
(l − s)− ∂FL(eS)

∂eS
∂2eS

∂λ2 s.

∂2F(q,e)
∂q2 = 0 implies that ∂2eS

∂λ2 = 0. In addition, ∂2G(λ)
∂λ∂eS > 0 and ∂eS

∂λ < 0. Therefore,

∂2πS
L(λ)

∂λ2 > 0.

This condition indicates that πS
L(λ) is a convex function of λ. The maximum value of

πS
L(λ) must be reached at two end points, either πS

L(mL) or πS
L(1). For (i), if instead s > s.

For s ∈ [s, s], by our argument above, it must be that πS
L(0) > max{πS

L(mL), πS
L(1)},

which yields a contradiction. Then, if s ∈ (s, s), we have πS
L(0) < πS

L(mL) < πS
L(1).

Given that πS
L(λ) is U-shape function, there is a unique λ∗ that makes πS

L(mL) = πS
L(λ
∗).

Finally, we show that the H-type has no incentive to cheat under the strict liability rule.

The proof of this part contains two steps.

i) We show that the H-type firm has a higher incentive to report mH than the L-type. In

a hybrid or a pooling equilibrium that the L-type firm sends mL with probability λ∗,

πS
L(λ
∗)− πS

L(mL) = pS(λ∗)− pS(mL) +
[

FL(eS(mL))− FL(eS(λ∗))
]

s ≥ 0.

For the H-type firm,

πS
H(λ

∗)− πS
H(mL) = pS(λ∗)− pS(mL) +

[
FH(eS(mL))− FH(eS(λ∗))

]
s.

Thus, [
πS

H(λ
∗)− πS

H(mL)
]
−
[
πS

L(λ
∗)− πS

L(mL)
]

=
[

FH(eS(mL))− FH(eS(λ∗))
]

s−
[

FL(eS(mL))− FL(eS(λ∗))
]

s

=s
∫ eS(mL)

eS(λ∗)

[
∂FH(e)

∂e
− ∂FL(e)

∂e

]
de > 0.
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The last inequality follows the assumption that product quality and precaution effort are

strategic substitutes. Given this inequality, the H-type firm must report mH in hybrid or

pooling equilibrium in which the L-type firm has an incentive to report mH.

ii) We pin down the condition that the H-type firm is truth-telling in a separate equilib-

rium.

πS
H(1)− πS

H(mL) = pS(1)− pS(mL)︸ ︷︷ ︸
>0

+
[

FH(eS(mL))− FH(eS(1))
]

s︸ ︷︷ ︸
<0

.

As we mentioned earlier, the equilibrium price increases with λ, i.e., pS(1)− pS(mL) > 0.

Therefore, if the absolute value of the second part on the RHS is not too large, we would

have πS
H(1)−πS

H(mL) > 0. Note that when qH is sufficiently close to 1, or k is sufficiently

large such that the difference between eS(mL) and eS(1) is small, the desired result is

obtained.

Under the comparative negligence rule, only pooling equilibrium is sustained, and the

H-type firm has no incentive to report mL as well. It can be easily shown that the H-type

firm has a higher incentive to report mH than the L-type firm, as the H-type firm pays a

lower penalty ex-post.[
πC

H(λ
∗)− πC

H(mL)
]
−
[
πC

L (λ
∗)− πC

L (mL)
]
= [FL(eb)− FH(eb)] s ≥ 0.

In sum, the H-type would have no incentive to cheat under both liability rules.

Proof of Proposition 2

Proof. First, we define φ ≡ β2 (1− qL) l to simplify notations in the following discussion.

To avoid the trivial discussion that hybrid equilibrium never happens, we require that

ε > 2(1−qL)(φ−1)
1−α and 1 < φ < 3−α

2 .

Based on Proposition 1, we find that the hybrid equilibrium arises under the strict li-

ability rule when s ∈ (s, s), the L-type firm sends message mL with probability λ∗ and

sends message mH with probability 1− λ∗, where

s = l − 2(φ− 1)
(1− α)β2ε

,

s = l − 2(φ− 1)
β2ε

,

λ∗ =
1
α
− (1− α)β2ε(l − s)

2α(φ− 1)
.
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Under the comparative negligence rule, firm’s expected profit in the pooling equilibri-

um is

ΠC = v− [1− qL − (1− α)ε] l +
1
2

β2 [1− qL − (1− α)ε]2 l2. (3)

It is clear that firm’s expected profit is invariant with s under the comparative negligence

rule.

Under the strict liability rule, in the pooling equilibrium, i.e., s ∈ (0, s], firm’s expected

profit is

ΠS(s) = v− [1− qL − (1− α)ε] l +
1
2

β2 [1− qL − (1− α)ε]2 (l2 − s2). (4)

In the separating equilibrium, i.e., s ∈ [s, l), firm’s expected profit is

ΠS(s) =v− [1− qL − (1− α)ε] l

+
1
2

β2
[
(1− α) (1− qL − ε)2 + α (1− qL)

2
]
(l2 − s2).

(5)

Therefore, firm’s expected profit monotonically decreases with s in the pooling and sepa-

rating equilibrium under the strict liability rule. In the hybrid equilibrium, firm’s expect-

ed profit is

ΠS(s) =v− [1− qL − φ (1− α) ε] l + [(φ− 1) (1− α) ε] s

+
1
2

β2 (1− qL) [(1− qL)− 2 (1− α) ε] (l2 − s2).
(6)

The first order condition of s with respect to ΠS(s) is

∂ΠS(s)
∂s

= β2 (1− qL) [2 (1− α) ε− (1− qL)] s + (φ− 1) (1− α) ε.

The solution of ∂ΠS(s)
∂s = 0 is s0 = (φ−1)(1−α)ε

β2(1−qL)[(1−qL)−2(1−α)ε]
. Let ∆s1 = s0 − s, then

∆s1 =
(3φ− 1) (1− α)2 ε2 − (5φ− 4) (1− qL) (1− α) ε + 2 (φ− 1) (1− qL)

2

β2 (1− qL) [(1− qL)− 2 (1− α) ε] (1− α) ε
.

Let ∆s2 = s0 − s, then

∆s2 =
(3φ− 1) (1− α) ε2 − [φ (5− 4α)− 4 (1− α)] (1− qL) ε + 2 (φ− 1) (1− qL)

2

β2 (1− qL) [(1− qL)− 2 (1− α) ε] ε
.

Next, we let ε = 2(1−qL)(φ−1)
(1−α)

, ε̂ = 1−qL
2(1−α)

, ε = 1− qL, and define two threshold values ε1

and ε2, where ε1, ε2 ∈ [ε, ε], and ε1 ≤ ε2.

(I) If α ≤ 1
2 (i.e., ε̂ ≤ ε), we can have that (i) ΠS (s) decreases with s when ε ≤ ε1, (ii)

ΠS (s) first increases then decreases with s when ε1 < ε < ε2, (iii) ΠS (s) increases with s
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when ε ≥ ε2, where

ε1 =

ε0 if φ ≤ 4− 2
√

2

ε if φ > 4− 2
√

2
and ε2 =



ε0 if φ ≤ 5
4 and α ≤ 21φ−12φ2−8

4(φ−1)

ε if φ ≤ 5
4 and 21φ−12φ2−8

4(φ−1) < α ≤ 6φ2−13φ+7
5−4φ

ε0 if φ ≤ 5
4 and α > 6φ2−13φ+7

5−4φ

ε if φ > 5
4

,

ε0 is derived from ∆s1 = 0 and ε0 is derived from ∆s2 = 0, where

ε0 =
(1− qL)

2 (1− α)

[
5φ− 4 +

√
φ2 − 8φ + 8

3φ− 1

]
,

ε0 =
(1− qL)

2 (1− α)

{
(5− 4α) φ− 4 (1− α) +

√
(16α2 − 16α + 1) φ2 + 8 (1− α) [(4α− 1) φ− (2α− 1)]

3φ− 1

}
.

(II) If α > 1
2 (i.e., ε̂ > ε), we can have that (i) ΠS (s) decreases with s when ε ≤ ε1, (ii)

ΠS (s) first increases then decreases with s when ε1 < ε < ε2, (iii) ΠS (s) increases with s

when ε ≥ ε2, where

ε1 =


ε0 if φ ≤ 4− 2

√
2 and α ≤ φ+2−

√
φ2−8φ+8

6φ−2

ε if φ ≤ 4− 2
√

2 and α >
φ+2−

√
φ2−8φ+8

6φ−2

ε if φ > 4− 2
√

2

,

ε2 =



ε if φ ≤ 4− 2
√

2 and α ≤ φ+2−
√

φ2−8φ+8
6φ−2

ε if φ ≤ 4− 2
√

2 and α >
φ+2−

√
φ2−8φ+8

6φ−2

ε0 if φ > 4− 2
√

2 and α ≤ 1
3−φ

ε if φ > 4− 2
√

2 and α > 1
3−φ .

.

Proof of Proposition 3

Proof. Firm’s expected profits under the two product liability rules are derived in the

proof of Proposition 2 and denoted as Equations (3), (4), (5) and (6). First, from Equations

(3) and (4), it is obvious that ΠS(0) = ΠC.

Let ∆SC(s) denote the difference between firm’s expected profit under the two product

liability rules, i.e., ∆SC(s) = ΠS(s)−ΠC. When s ∈ (0, s],

∆SC(s) = −
1
2

β2 [1− qL − (1− α)ε]2 s2;
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when s ∈ (s, s),

∆SC(s) = [(φ− 1) (1− α) ε] (l + s)

− 1
2

β2
{[

(1− α)2 ε2
]

l2 +
[
(1− qL)

2 − 2 (1− qL) (1− α) ε
]

s2
}

;

when s ∈ [s, l),

∆SC(s) =
1
2

β2
{

α (1− α) ε2l2 −
[
(1− α)ε2 − 2 (1− qL) (1− α)ε + (1− qL)

2
]

s2
}

. (7)

In the pooling equilibrium i.e., s ∈ (0, s], ∆SC(s) < 0, so that firm’s expected profit is

higher under the comparative negligence rule. In the hybrid equilibrium, i.e., s ∈ (s, s),

if ΠS(s) decreases with s, firm’s expected profit is still higher under the comparative

negligence rule as ΠS(s) < ΠS(0) = ΠC (i.e., ∆SC(s) < 0). Recall Proposition 2, we can

confirm that if the quality gap ε is relatively low, firm’s expected profit will be higher

under the comparative negligence rule.

Proposition 2 also indicates that firm’s expected profit can increase with s if ε > ε2 in

the hybrid equilibrium, and decreases with s in the separating equilibrium. Under such

a circumstance, the maximum of the expected profit difference is ∆SC(s). If ∆SC(s) > 0,

there must be a range of (s1, s2) such that firm’s expected profit is higher under the strict

liability rule if s ∈ (s1, s2). From Equation (7),

∆SC(s) =
1
2

β2
{

α (1− α) ε2(l2 − s2)−
[
(1− α)2ε2 − 2 (1− qL) (1− α)ε + (1− qL)

2
]

s2
}

=
1
2

β2
{

α (1− α) ε2(l2 − s2)− [(1− qL)− (1− α)ε]2 s2
}

.

Since 1− qL ≥ ε, then

∆SC(s) ≥
1
2

β2
[
α (1− α) ε2(l2 − s2)− α2ε2s2

]
=

1
2

β2αε2
[
(1− α)l2 − s2

]
.

Therefore, ∆SC(s) > 0 if (1− α)l2 > s2, which is equivalent to

α < 1−
[

1− 2(φ− 1)
β2lε

]2

.

Note that the RHS of this inequality lies between (0, 1), which implies that there must

be some α that are sufficiently small to make this inequality hold. Thus, under the strict

liability rule, if the quality gap ε > ε2 such that firm’s expected profit monotonically

increases in the hybrid equilibrium, firm’s expected profit under the strict liability rule

can be higher than that under the comparative negligence rule for a range of penalty

s ∈ (s1, s2) around s, given that φ is relatively large, where s < s1 < s < s2 < l, ΠS(s1) =

ΠS(s2) = ΠC.
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Proof of Proposition 4

Proof. Under the comparative negligence rule, the pooling equilibrium is supported for

all s. Thus, the expected product failure rate is

EFC = [1− qL − (1− α)ε]
[
1− β2l (1− qL − (1− α)ε)

]
.

Obviously, this rate is not affected by penalty s.

Under the strict liability rule, we can pin down the expected failure rate in the following

three cases:

(I) If s ∈ (0, s] and the pooling equilibrium is supported,

EFS(s) = [1− qL − (1− α)ε]
[
1− βeS(0)

]
= [1− qL − (1− α)ε]

[
1− β2(l − s) (1− qL − (1− α)ε)

]
.

It is clear that EFS(s) > EFC for s ∈ (0, s].

(II) If s ∈ [s, l) and the separating equilibrium is sustained,

EFS(s) = αFL(eS(mL)) + (1− α)FH(eS(1))

= α(1− qL)
[
1− β2(l − s)(1− qL)

]
+ (1− α)(1− qH)

[
1− β2(l − s)(1− qH)

]
.

In both pooling equilibrium and separating equilibrium, the expected failure rates mono-

tonically increase with s.

(III) If s ∈ (s, s) and the hybrid equilibrium is supported,

EFS(s) = αλ(1− qL)
[
1− β2(l − s)(1− qL)

]
+ (1− αλ)(1− qλ)

[
1− β2(l − s)(1− qλ)

]
= 1− qL − (1− α)ε− 2(1− α)ε(φ− 1) + β2(l − s)(1− qL) [2(1− α)ε− (1− qL)] .

This equation implies that EFS(s) increases with s if and only if ε ≤ 1−qL
2(1−α)

. If this condi-

tion holds, combined with the facts in (I) and (II), it must be that the expected failure rate

monotonically increases with s under the strict liability rule, and is always higher than the

failure rate under the comparative negligence rule. However, if instead ε > 1−qL
2(1−α)

, the

expected failure rate would decrease with s in the hybrid equilibrium. We then compare

the failure rate under the two product liability rules in this case.

It is straightforward that EFS(s) is continuous and reaches its minimum at s. Thus,

if EFS(s) − EFC(s) < 0, there must be a range (s′1, s′2) around s, such that EFS(s) <

10



EFC(s) in this region. Therefore, we focus on the sign of EFS(s)− EFC(s) in the following

discussion. Let ∆SC(s) = EFS(s)− EFC(s), then

∆SC(s) = β2s [1− qL − (1− α)ε]2 − 2(φ− 1)α(1− α)ε.

By solving the inequality ∆SC(s) < 0, we can derive that α < α̂, where

α̂ =
β2sε2 − β2s (1− qL) ε + (φ− 1)ε +

√
[2β2s (1− qL) + (φ− 1)] (φ− 1)ε2 − 2β2s (1− qL)

2 (φ− 1)ε

β2sε2 + 2(φ− 1)ε
.

Recall the assumption in Proposition 2 (i.e., ε > 2(1−qL)(φ−1)
(1−α)

), we can obtain that EFS(s)−
EFC(s) < 0 if ε > 1−qL

2(1−α)
and α < α, where α = min {α1, α̂} and α1 = 1− 2(1−qL)(φ−1)

ε .

Proof of Lemma 3

Proof. Consumer’s out-of-equilibrium belief plays an important role in the price signaling

game. In this subsection, we assume that consumer holds the most pessimistic out-of-

equilibrium belief, in which they believe any out-of-equilibrium price indicates a L-type

product. Note that if consumers think the product is low-quality, the highest profit of the

L-type firm is πL(mL).

(I) Under the comparative negligence rule, as in the main model, the ex-post penalties

for two types of firms are not affected by their advertising strategies. Therefore, even

with price signaling, the L-type would always mimic and report mH. The only possible

equilibrium is the pooling equilibrium.

(II) Under the strict liability rule, we first characterize pooling equilibria. The L-type

would report mH, which yields a pooling equilibrium, if πS
L(0) ≥ πS

L(mL), where

πS
L(0) = ppo − FL(eS(0))s.

πS
L(mL) measures the highest pay-off the L-type firm can obtain if it deviates from ppo

under the most pessimistic out-of-equilibrium belief. Thus, it must be that

ppo ≥ πS
L(mL) + FL(eS(0))s,

which pins down the lower bound of the equilibrium price. The price upper bound of

pooling equilibria is the equilibrium price (pooling equilibrium) in our base model, i.e.,

ppo ≤ pS(0), as that is the highest price extracting all consumer surplus. Hence, any price

between the upper bound and lower bound can support a pooling equilibrium.

The next question is when pooling equilibria can be supported. Since πS
L(0)− πS

L(mL)

decreases with s, the L-type has a lower incentive to cheat when s is large. Recall that in

11



the base model, we show that pooling equilibrium can be sustained when s ≤ s. And the

pooling equilibrium with highest price is the one in our base model. Therefore, with price

signaling, pooling equilibria exist if s ≤ s.

Then, we move on to hybrid equilibria, which can be sustained if the L-type is indiffer-

ent between cheating and truth-telling, i.e., πS
L(λ) = πS

L(mL), or equivalently

phy − FL(eS(λ))s = πS
L(mL).

Hence, the equilibrium price in a hybrid equilibrium is phy = FL(eS(λ))s + πS
L(mL). Note

that the condition for a hybrid equilibrium remains the same as that in our base model

without price signaling. In the base model, the hybrid equilibrium is the one that extracts

all surplus, which renders it the one with the highest price. With price signaling, we now

have multiple hybrid equilibria, as long as the price satisfies this indifference condition.

It is obvious that hybrid equilibria can be sustained as long as s ≤ s.

In terms of separating equilibria, the L-type should have no incentive to report mH, i.e.,

πS
L(mL) ≥ πS

L(1). Thus, the equilibrium price should satisfy the following condition:

pse ≤ πS
L(mL) + FL(eS(0))s.

Separating equilibria can be supported when the price associated with mH is not too large.

The intuition is that the L-type would not mimic a slightly higher price by paying a much

higher penalty. It is obvious that any s can sustain a series of separating equilibria.

Finally, the H-type firm would never report mL with price signaling as well. The similar

logic in the main model can be applied. The H-type must have higher incentive to report

mH than the L-type, since the H-type firm pays lower expected penalty. Thus, in pooling

or hybrid equilibrium, the H-type must report mH given that the L-type sends mH with

positive probability. In a separating equilibrium, a sufficient condition for the H-type

is truth-telling is that its price is higher than the equilibrium price of L-type firm, i.e.,

pse ≥ pS(mL), which holds trivially.

Proof of Proposition 5

Proof. (I) Under the comparative negligence rule, only pooling equilibria are supported.

Since LMSE selects the one with the highest payoff for the H-type firm. Hence, the pool-

ing equilibrium in which the price extracts all consumer surplus would be chosen. This

is exactly the pooling equilibrium we examined in the base model under the comparative

negligence rule.
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(II) Under the strict liability rule, as we mentioned in the main text, the candidates

are the equilibrium with the highest price for the H-type. We first prove that the hy-

brid equilibrium is always dominated by the separating equilibrium, and thus should be

eliminated by LMSE.

In the optimal hybrid equilibrium, the H-type’s profit is

π
hy∗
H (λ) = πS

L(mL) +
[

FL(eS(λ))− FH(eS(λ))
]

s.

In the optimal separating equilibrium, the H-type’s profit is

πse∗
H (1) = πS

L(mL) +
[

FL(eS(1))− FH(eS(1))
]

s.

The profit difference between the two types of equilibria is

∆π =π
hy∗
H (λ)− πse∗

H (1)

=
{[

FL(eS(λ))− FH(eS(λ))
]
−
[

FL(eS(1))− FH(eS(1))
]}

s

=−
∫ eS(λ)

eS(1)

[
∂FH(e)

∂e
− ∂FL(e)

∂e

]
de < 0.

The last inequality follows the facts that ∂FH(e)
∂e > ∂FL(e)

∂e and eS(λ) > eS(1). Therefore,

when s ∈ [s, s], such that separating and hybrid equilibria co-exist, LMSE would elimi-

nate all hybrid equilibria and select the least-cost separating equilibrium with the highest

price.

Then, we focus on the comparison between the optimal pooling and separating equi-

librium when s ≤ s. The H-type’s profit in the optimal pooling equilibrium is

π
po∗
H (0) = ppo∗(0)− FH(eS(0))s,

where ppo∗(0) = v− F(E(q), eS(0))(l − s)− c(eS(0)) is the highest equilibrium price in a

pooling equilibrium.

The optimal pooling equilibrium is selected if and only if the H-type firm obtains higher

profit than its profit in the optimal separating equilibrium. We then investigate how the

H-type’s profit difference between two equilibria varies with s. By the envelope theorem,

∂
[
π

po∗
H (0)− πse∗

H (1)
]

∂s
= {F(E(q), eS(0))− FL(eS(0))}+ {FH(eS(0))− FH(eS(1))} < 0.

The last inequality holds as F(q, e) decreases with both q and e and e(λ) decreases with λ.

Thus, when s is low, the pooling equilibrium is sustained, while the separating equilibri-

um with price distortion is selected when s is close to s.
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Figure 1 and Figure 2 illustrate the equilibria supported under different s and the com-

parison of firm’s expected profit under the strict liability rule and the comparative negli-

gence rule respectively.1

0.34

0.70
Pooling

Separating with 

price distortion

Separating without 

price distortion

𝜀

𝑠0 4.2

Figure 1: Equilibrium structure

3.52

3.91

0 4.5
𝑠

∏ 𝑆

∏ 𝐶

∏

𝑠𝑠′ ො𝒔𝟏 ො𝒔𝟐

Figure 2: Comparison of expected profits

Proof of Lemma 4

Proof. Under the comparative negligence rule, given the extra penalty P(≥ 0) for decep-

tive advertising, when the L-type firm advertises mH, its profit πC′
L (λ) can be expressed

as

πC′
L (λ) = πC

L (λ)− P = v− G (λ) l + G(λ, eb)s− c(eC (λ))− FL (eb) s− P,

and when the L-type firm advertises mL, its profit πC′
L (mL) is

πC′
L (mL) = πC

L (mL) = v− G(mL)l + G(mL, eb)s− c(eC(mL))− FL(eb)s,

where G(mL) = FL(eC(mL)) and G(mL, eb) = FL(eb). Since ∂πC
L (λ)
∂λ = − ∂G(λ)

∂λ l + ∂G(λ,eb)
∂λ s >

0, then πC
L (λ) is increasing in λ and πC

L (1) > πC
L (0) > πC

L (mL). Let ∆C
L (λ) = πC

L (λ)−
πC

L (mL), we can further obtain that ∆C
L (λ) is increasing in λ and ∆C

L (0) < ∆C
L (λ) < ∆C

L (1),

where ∆C
L (0) = πC

L (0)− πC
L (mL) and ∆C

L (1) = πC
L (1)− πC

L (mL). We define PC = ∆C
L (0)

and PC
= ∆C

L (1). Then, we can obtain the following results: if P ≤ PC, πC′
L (mL) ≤ πC′

L (0),

the L-type firm always cheats, and a pooling equilibrium arises; if PC < P < PC, πC′
L (0) <

πC′
L (mL) < πC′

L (1), there exists a unique λ
∗

that makes πC′
L (λ

∗
) = πC′

L (mL), and a hybrid

1In Figure 1, F(q, e) = (1− q)(1− βe), c(e) = e2

2 , v = 4.2, α = 0.3, qL = 0.3, β = 0.63, l = 4.2. In Figure 2, F(q, e) = (1− q)(1− βe),

c(e) = e2

2 , v = 4.5 α = 0.25, qL = 0.3, ε = 0.65, β = 0.63, l = 4.5.
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equilibrium can be supported; if P ≥ PC, πC′
L (mL) ≥ πC′

L (1), the L-type does not mimic

the H-type, and a separating equilibrium arises.

Under the strict liability rule, given the penalty P for deceptive advertising, when the

L-type firm advertises mH, its profit πS′
L (λ) can be expressed as

πS′
L (λ) = πS

L(λ)− P = v− G(λ)(l − s)− c(eS(λ))− FL(eS(λ))s− P,

and when the L-type firm advertises mL, its profit πS′
L (mL) is

πS′
L (mL) = πS

L(mL) = v− G(mL)(l − s)− c(eS(mL))− FL(eS(mL))s,

where G(mL) = FL(eS(mL)). Recall Proposition 1, when s ≤ s, πS
L(mL) ≤ πS

L(0), then

πS′
L (mL)− πS′

L (0) ≥ 0 if P ≥ πS
L(0)− πS

L(mL), and πS′
L (mL)− πS′

L (1) ≥ 0 if P ≥ πS
L(1)−

πS
L(mL), as a result, a pooling equilibrium arises if P ≤ πS

L(0)− πS
L(mL), a hybrid equi-

librium arises if πS
L(0)− πS

L(mL) < P < πS
L(1)− πS

L(mL), otherwise, a separating equi-

librium arises. When s < s < s, πS
L(0) < πS

L(mL) < πS
L(1), then if P < πS

L(1)− πS
L(mL),

πS′
L (0) < πS′

L (mL) < πS′
L (1), and a hybrid equilibrium can be supported; otherwise, a

separating equilibrium arises. When s ≥ s, πS(mL) ≥ πS(λ) for any λ ∈ [0, 1], which

makes πS′(mL) no less than πS′(λ, mH) for any penalty P ≥ 0, such that only a separating

equilibrium exists.

Based on above, let PS = πS
L(0) − πS

L(mL) and PS
= πS

L(1) − πS
L(mL), then the firm-

s equilibrium advertising strategy under the strict liability rule can be summarized as

follows: given the penalty for deceptive advertising, the L-type firm reports mL with

probability λ̃∗ and it reports mH with probability 1− λ̃∗, in which

- when s ≤ s, i) if P ≤ PS, λ̃∗ = 0, and a pooling equilibrium is sustained, ii) if

PS < P < PS, λ̃∗ ∈ (0, 1), which uniquely solves πS
L(λ̃
∗) − P = πS

L(mL), and a

hybrid equilibrium is sustained, iii) otherwise, a separating equilibrium is sustained;

- when s < s < s, i) if P ≤ PS, λ̃∗ ∈ (0, 1), which uniquely solves πS
L(λ̃
∗) − P =

πS
L(mL), and a hybrid equilibrium is sustained, ii) otherwise, λ̃∗ = 1, and a separat-

ing equilibrium is sustained;

- when s ≥ s, λ̃∗ = 1, and a separating equilibrium is sustained.

Figure 3 illustrates the trend of expected profit under two liability rules when s is low,

medium, and large, respectively.
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Figure 3: Comparison of firm’s expected profits with advertising penalty (v = 4, α = 0.35, qL = 0.25,

ε = 0.65, β = 0.63, l = 4, s = 1.73, s = 2.52, F(q, e) = (1− q)(1− βe), c(e) = e2

2 )

Proof of Proposition 6

Proof. Under the comparative negligence rule, consumer (expected) surplus is

CSC = αCSC
L (0, mH) + (1− α)CSC

H(0, mH),

where CSC
L (0, mH) and CSC

H(0, mH) are given by Equation (15) in the main text. Taking

the derivative with respect to penalty s,

∂CSC

∂s
=α

∂CSC
L (0, mH)

∂s
+ (1− α)

∂CSC
H(0, mH)

∂s

=α

[
V − FL(eC(0))l + FL(eb)s− c(eC(0))− pC

L (0)
]

4V
(1− α)ε(1− βeb)

− (1− α)

[
V − FH(eC(0))l + FH(eb)s− c(eC(0))− pC

H(0)
]

4V
αε(1− βeb)

=− α(1− α)ε(1− βeb)

4V

[
2(1− βeC(0))l − (1− βeb)s

]
ε,

where pC
i (0) = V−G(0)l+G(0,eb)s−c(eC(0))+Fi(eb)s

2 , i ∈ {H, L}. Since l > s and eC(0) < eb,

we have 2
[
1− βeC(0)

]
l − (1− βeb) s > 0. Thus, ∂CSC

∂s < 0, meaning consumer surplus

decreases with s under the comparative negligence rule.

Under the strict liability rule, if s ∈ [s, l), separating equilibrium is supported, the

consumer surplus is

CSS = αCSS
L(mL) + (1− α)CSS

H(1, mH).

Given that in the separating equilibrium,

CSS
L(mL) =

[
V − FL(eS(mL))(l − s)− c(eS(mL))− FL(eS(mL))s

]2
8V

,
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CSS
H(1, mH) =

[
V − FH(eS(1))(l − s)− c(eS(1))− FH(eS(1))s

]2
8V

,

we have

∂CSS

∂s
=− α

V − FL(eS(mL))(l − s)− c(eS(mL))− FL(eS(mL))s
8V

∂FL(eS(mL))

∂s
s

− (1− α)
V − FH(eS(1))(l − s)− c(eS(1))− FH(eS(1))

s
8V

∂FH(eS(1))
∂s

s.

Since ∂FL(eS(mL))
∂s > 0, ∂FH(eS(1))

∂s > 0 and V is sufficiently large, it must be that ∂CSS

∂s < 0.

Thus, consumer surplus monotonically decreases with s in the separating equilibrium

under the strict liability rule.

If s ∈ (0, s], consumer surplus in the pooling equilibrium is

CSS = αCSS
L(0, mH) + (1− α)CSS

H(0, mH).

Since in the pooling equilibrium,

CSS
i (0, mH) =

{
V − 2

[
Fi(eS(0))− G(0)

]
(l − s)− c(eS(0))− Fi(eS(0))s

}2

8V
,

then

∂CSS

∂s
=αTL

[
(1− 3βeS(0))(1− α)ε− β2(1− qL)(1− E(q))s

]
+ (1− α)TH

[
−(1− 3βeS(0))αε− β2(1− qL)(1− E(q)))s

]
,

where Ti =
V−2[Fi(eS(0))−G(0)](l−s)−c(eS(0))−Fi(eS(0))s

4V and E(q) = 1− qL− (1− α)ε. Now, we

consider the extreme point where s = 0. Starting from zero penalty,

∂CSS

∂s
|s=0 = α(1− α)ε

[
1− 3βeS(0)

] [FH(eS(0))− FL(eS(0))
]
(2l − s)

4V
.

If 1 − 3βeS(0) = 1 − 3β2 [1− qL − (1− α)ε] l < 0, then combining with the fact that

FH(eS(0)) − FL(eS(0)) < 0, we have ∂CSS

∂s |s=0 > 0. Hence, consumer surplus increases

starting with s = 0.

Recall that when s = 0, the two product liability rules yield identical consumer surplus

as there is no penalty for the firm. We have shown that consumer surplus monotonically

decreases under the comparative negligence rule, while it increases under the strict lia-

bility rule at s = 0. Therefore, there must be a range of s such that the strict liability rule

provides higher consumer surplus.
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Proof of Proposition 7

Proof. First, when product quality and precaution effort are complements, a higher per-

ceived quality would increase consumer effort. As G′(λ, mH) > G′(mL), for all λ ∈ [0, 1],

the L-type firm can charge a higher price if it reports mH. In addition, consumer effort

would be higher with mH. Therefore, under both liability rules, reporting mH is the dom-

inating strategy for a L-type firm.

Given that the firm always sends mH, the expected profit under both rules is

Π′ = v− G′(0, e)l − c(e).

It is obvious that comparative negligence yields the first best consumer effort by the first

order condition, and as consumer’s optimal precaution effort is always lower under the

strict liability rule, i.e. eS′(0) < eC′(0), then ΠC′ > ΠS′.

18



Appendix B

Alternative product liability rules

We have analyzed the two widely used product liability rules, strict liability and com-

parative negligence. In the United States, sometimes comparative negligence is imple-

mented in variant forms, such as modified comparative negligence and contributory neg-

ligence. In this subsection, we further examine these two forms.

Modified Comparative Negligence. Under the modified comparative negligence rule,

the consumer can recover compensation based on her degree of fault only if the firm was

at least 50% or at least 51% responsible for causing the product failure (see Bieber and

Ramirez 2023). When the L-type sends message mH, the consumer’s expected utility can

be expressed as follows:

UMC(mH, e) =

v− G(λ)
[
l − G(λ,eb)

G(λ)
s
]
− p− c(e) if G(λ,eb)

G(λ)
> 0.5 or 0.51

v− G(λ)l − p− c(e) if G(λ,eb)
G(λ)

< 0.5 or 0.51
,

where G(λ) = (1−λ)α
(1−λ)α+(1−α)

FL(e) +
(1−α)

(1−λ)α+(1−α)
FH(e), G(λ, eb) = (1−λ)α

(1−λ)α+(1−α)
FL(eb) +

(1−α)
(1−λ)α+(1−α)

FH(eb). We define ê1 satisfies that G(λ,eb)
G(λ,ê1)

= 0.5 or 0.51,where G(λ, ê1) =
(1−λ)α

(1−λ)α+(1−α)
FL(ê1) +

(1−α)
(1−λ)α+(1−α)

FH(ê1). Then, the consumer’s expected utility can be

rewritten as

UMC(mH, e) =

v− G(λ)l + G(λ, eb)s− p− c(e) if e > ê1

v− G(λ)l − p− c(e) if e < ê1

,

The first order condition of e with respect to UMC(mH, e) is ∂UMC(mH ,e)
∂e = − ∂G(λ,mH)

∂e l −
c′ (e), so that the consumer’s optimal precaution effort eMC(λ) satisfies the condition that
∂G(λ,mH)

∂eMC l + c′(eMC) = 0. Then, the optimal price set by the L-type firm is

pMC(λ) =

v− G(λ)l + G(λ, eb)s− c(eMC(λ)) if eMC(λ) > ê1

v− G(λ)l − c(eMC(λ)) if eMC(λ) < ê1

,

where G(λ) = (1−λ)α
(1−λ)α+(1−α)

FL(eMC(λ)) + (1−α)
(1−λ)α+(1−α)

FH(eMC(λ)). If FL(eb)
FL(eMC(λ))

> 0.5 or

0.51, then the L-type firm’s profit when advertising mH is

πMC
L (λ) = v− G(λ)l + G (λ, eb) s− c(eMC(λ))− FL(eb)s,

and ∂πMC
L (λ)
∂λ = − ∂G(λ)

∂λ l + ∂G(λ,eb)
∂λ s > 0. If FL(eb)

FL(eMC(λ))
< 0.5 or 0.51, then the L-type firm’s
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profit when reporting mH is

πMC
L (λ) = v− G(λ)l − c(eMC(λ)),

and ∂πMC
L (λ)
∂λ = − ∂G(λ,)

∂λ l > 0. Thus, πMC
L (λ) is increasing in λ.

Next, we define ê2 satisfies that FL(eb)
FL(ê2)

= 0.5 or 0.51. When the L-type firm sends mes-

sage mL, the consumer’s expected utility can be expressed as

UMC(mL, e) =

v− FL(e)l + FL(eb)s− p− c(e) if e > ê2

v− FL(e)l − p− c (e) if e < ê2

.

The consumer’s optimal precaution effort eMC(mL) satisfies that
∂FL(eMC)

∂eMC l + c′(eMC) = 0,

and the optimal price charged by the L-type firm is

pMC(mL) =

v− FL(eMC(mL))l + FL(eb)s− c(eMC(mL)) if eMC(mL) > ê2

v− FL(eMC(mL))l − c(eMC(mL)) if eMC(mL) < ê2

.

If FL(eb)
FL(eMC(mL))

> 0.5 or 0.51, then the L-type firm’s profit when reporting mL is

πMC
L (mL) = v− FL(eMC(mL))l + FL (q, eb) s− c(eMC(mL))− FL (eb) s.

If FL(eb)
FL(eMC(mL))

< 0.5 or 0.51, then the L-type firm’s profit reporting mL is

πMC
L (mL) = v− FL(eMC(mL))l − c(eMC(mL))

= v− FL(eMC(mL))l + FL(eb)s− c(eMC(mL))− FL(eb)s.

By comparing πMC
L (λ) with πMC

L (mL), we can obtain that under the modified compar-

ative negligence rule, if the L-type firm truthfully reports mL, its profit (i.e., πMC
L (mL))

is lower than the profit with mH (i.e., πMC
L (λ)) for any belief λ ∈ [0, 1]. Thus, only a

pooling equilibrium is sustained (i.e., λ = 0), and in equilibrium, firm’s expected prof-

it is ΠMC = v − G(0)l − c(eMC(0)), where G(0) = αFL(eMC(0)) + (1 − α)FH(eMC(0)),

eMC(0) = eC(0). As a result, the firm’s equilibrium expected profit under the modified

comparative negligence rule is equal to that under the comparative negligence rule (i.e.,

ΠMC = ΠC).

Contributory Negligence. Under the contributory negligence rule, the consumer who

is even partly at fault for causing product failure is barred from pursuing a claim from

compensation at all, which would mean the consumer who was 1% responsible for prod-

uct failure would be barred from obtaining monetary compensation from the firm who
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was 99% to blame (see Bieber and Ramirez 2023). We implement the contributory negli-

gence rule in the setup of the main model by assuming that the firm’s penalty is s(> 0) if

the consumer spends the precaution effort level eb, but is zero if the consumer spends a

lower level of effort e < eb.

(I) If the level of precaution effort spent by the consumer is lower than eb, when the

L-type firm advertises mH, the consumer’s expected utility is UCN(mH, e) = v−G (λ) l−
p− c(e), and the optimal effort level eCN(λ) exerted by the consumer satisfies the condi-

tion that ∂G(λ)
∂eCN l + c′(eCN) = 0. The optimal retail price set by the L-type firm is pCN(λ) =

v− G(λ)l − c(eCN(λ)), and the optimal profit achieved by the L-type firm is πCN
L (λ) =

pCN(λ), where G(λ) = (1−λ)α
(1−λ)α+(1−α)

FL(eCN(λ)) + (1−α)
(1−λ)α+(1−α)

FH(eCN(λ)). As ∂πCN
L (λ)
∂λ =

− ∂G(λ)
∂λ l > 0, then πCN

L (λ) is also increasing in λ, the L-type firm will always report mH.

(II) If the consumer spends the precaution effort level eb, when the L-type firm advertis-

es mH, the consumer’s expected utility is UCN(λ, eb) = v−G(λ, eb)(l− s)− p− c(eb), the

optimal retail price charged by the L-type firm is pCN(λ, eb) = v− G(λ, eb)(l− s)− c(eb),

and the L-type firm’s profit is πCN
L (λ, eb) = v− G(λ, eb)(l − s)− c(eb)− FL (eb) s. Since

πCN
L (λ, eb)− πCN

L (mL, eb) = [FL (eb)− G (λ, eb)] (l − s) > 0, then the L-type firm will not

report its true type even when the consumer exerts the proper level of precaution effort.

Based on above, under the contributory negligence rule, only pooling equilibrium is

sustained, i.e, λ = 0, and in equilibrium, the optimal precaution effort exerted by the

consumer is eCN(0) = eC(0), and firm’s expected profit is ΠCN = v− G(0)l − c(eCN(0)),

where G(0) = αFL(eCN(0)) + (1− α)FH(eCN(0)). Obviously, firm’s expected profit under

the contributory negligence rule is equal to that under the comparative negligence rule

(i.e., ΠCN = ΠC).

In conclusion, under either modified comparative negligence rule or contributory negli-

gence rule, both types of firms advertise mH, and only a pooling equilibrium is sustained,

which is similar to the firms equilibrium advertising strategy under the pure comparative

negligence rule in the main model. The intuition is that under the modified comparative

negligence rule, the high-quality message sent by the firm may induce the consumer to

spend less effort, which increases the consumer’s degree of fault in the product failure

and reduces the firm’s compensation to the consumer; under the contributory negligence

rule, the consumer cannot recover any compensation if they are partially responsible for

the product failure, in other words, the contributory negligence rule sharply reduces the

penalty, and in this circumstance, it is optimal for the L-type firm to advertise deceptively.
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