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 A € [0, 1], which represents
the probability the L-type firm truthfully reports my. In particular, A = 0 indicates a
pooling equilibrium, while A = 1 implies a separating equ111br1um Hence, we drop “mp”
and replace G(A, mp), 7t (A mp) and p/ (A, my) by G(A), 7, (A) and p/(A), 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 é? is the solution of

OF(e) |
T 1)+ (o) =0,

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

is the solution of

oF;(e
a( )z T+ el(e) = 0.
Given that az ( ) — 0, it is obvious that <0 and = 0. Since 'él-s = 'éic whens = 0, it

must be that e >e for any positive s.

The type i firm’s profit under both product liability rules shares the same function form:
7t =0 — Fi(@)l —c(e).

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 - > 717. Thus, it must be that firm’s expected profit

is higher under the comparative negligence rule, i.e., [T¢ > 15,

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,
=S 55\ 355

o7T; _ _aPi(ei)BiS <0

ds de;  0s '

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

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 e, and e.

In the second benchmark model where the consumer’s precaution effort is fixed at
e < ep, under the comparative negligence rule, given the quality message mp, consumer’s

expected utility is US(mpy,e) = v — G(A,e) <l - %s) — p —c(e), where G(A,e) =
(1-A)a

T FL (@) + ot B (@), G(A ) = e s Fi(en) + sy Fra(es)-
As the consumer purchases the product if and only if U(mp,e) > 0, then the op-
timal retail price charged by the firm is p“(A) = v — G(A,e)l + G(A,ey)s — c(¢), and
the optimal profit achieved by the L-type firm is 775 (1) = p“(A) — Fr(ep)s. If instead,
the L-type firm reports my, its profit is 7t< (my) = p°(my) — Fr(ey)s, where p¢(my) =
v — Fr(e)l + Fr(ep)s — c(e).

7ir (A) = 70g (me) = S (A) — P (my)
= [FL(e) — G(A,@)]l — [FL(ep) — G(A, ep)]s
> [Fi(ep) — G(A, ep)](I —s)
> 0.

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

and the firm’s expected profit is

I = a7 (0)+ (1— )7 (0) =v—G(0,2)] —c ().

Under the strict liability rule, it can be proved that the L-type firm would prefer to
report my in a similar fashion. As the profit difference is
71 (A) =70 (mr) = [FL(e) — G(A,)](I —s) > 0.
The corresponding expected profit is

I = ams (0) + (1—a) 7, (0) =v— G (0,8)] — ().
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. =S —=C . . . . .
Obviously, II" = II". 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. O
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 mpy even if consumers have the most

optimistic belief, i.e, 77 (m) > 77 (1), while the pooling equilibrium holds when 77 (0) —

77 (mr) > 0. Then, intuitively, our argument is valid when two inequalities hold

9 [mi(1) — 77 (0)] 9 [722(0) — mf (my)]
% <0 and 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 A, so that there exists a unique A that makes the L-type firm is indifferent between

truth-telling and lying, i.e., nf (mp) = th (A).

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,

nf(/\) =0v—GA)(I—s)—c(e’) — Fr(e%)s,

o (A) [ 9G(A) NEE 5. OF(e%) 0e’
95 | aes 7o) el 5o M SR S TRe o
From the FOC of consumer’s optimal effort that determines e° = ¢° (1),
aG(/\) 1,5\
525 (I—s)—c'(e’) =0. (2)
Hence, we have
o7t7 (M) B OF; (e°) 0e°

=G(A) — Fi(e%)
—_——

—S
de5 9s
direct ef fect

indirect ef fect



thus,

MW =) g - 6(0) - [Ru(eS(1)) - Fu(e(0))]
FL(e5(1)) AeS(1) _ FL(e5(0)) 265(0)
B [ deS ds  0eS ds ] >

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) — [F(e*(1)) — F(e%(0))]
= Fu(e*(1)) — Fu(e®(1)) + (1 - &) [EL(¢%(0)) — Fu(¢(0))]

(. J
7 /

<0 -
<FH<eS<1>> — F(e5(1) + [F(e%(0)) — Fu(e°(0))]

_/ {aFH aFge(e)] de < 0.

The last inequality holds as ¢°(1) < ¢°(0) and aFH ( ) > ane(e). In terms of the difference

between indirect effect, from (2), it can be derlved that
9e°  19G(A)
ds k 0e5 7
which implicates the indirect effect would be small if k is sufficiently large. In that case,

the direct effect dominates and we have

9 [} (1) — 7} (0)]

s < 0.
In a similar fashion, it is true that
) S 0) — S
[T[L( ) NL(mL)] < 0.
ds
As a result,
9 [ (1) — 7f (my)] — 0

ds

From Equation (11) in the main text, it is clear that 77 (my) > 77 (1) if s is sufficiently
close to /, as the penalty is too strong that dominates the gain from cheating. Combining

with the fact that 77 (1) — 77 (m),) monotonically decreases with s, there must be a unique



s, such that 77 (my) > 77 (1) if s > 5 and a separating equilibrium can be supported. Sim-

ilarly, (10) implies that 77 (0) — 77 (m) > 0if 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,5), there is a unique A* that makes

s (mp) = TIL()L*) which supports a hybrid equilibrium. Both parts can be proved by

i (M) PF(ge) _ 9F(ge) _

showing that 2 52— > 0. Since — > e 0,
PN | [PCNIS] _ ORS)P
oAZ 0AdeS oA 0eS  0AZ
621(;; 2 — implies that 2 5 A2 = 0. In addition, 5 /\a( S) > 0and 2 9. < 0. Therefore,
P*m (A)
T > 0.

This condition indicates that 777 (A) is a convex function of A. The maximum value of

717 (1) must be reached at two end points, either 77 (1) or 77 (1). For (i), if instead s > 5.

For s € [5,s], by our argument above, it must be that 77 (0) > max{7n; (mr), 77 (1)},
which yields a contradiction. Then, if s € (s,5), we have 77 (0) < 77 (mr) < 77 (1).

Given that 77 (1) is U-shape function, there is a unique A* that makes 717 (m) = 713 (A*).

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 mpy than the L-type. In
a hybrid or a pooling equilibrium that the L-type firm sends m, with probability A*,

mf (A7) = i (me) = pS(A%) = p®(me) + [Fo(e®(me)) = Fu(eS(A%)) ] s > 0.
For the H-type firm,
() = () = pS(A7) = pS(me) + [Fu(eS (m1)) = Fu(e5(A%)) s
Thus,
(V) =y m) | = [7E (A7) = 7 (my)|
= [Fu(e®(mp)) = Fu(e5(\"))] s = [Fule®(m0)) = Fu(e5(A)] s
_ /e((m)L) {aFH(e) B aPL(E)l e 0.

S (A* oe de



The last inequality follows the assumption that product quality and precaution effort are
strategic substitutes. Given this inequality, the H-type firm must report mp in hybrid or

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

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

(1) = i (me) = p* (1) = pS(me) + [ Fa(e¥ (me)) = Fua(e3(1)) | 5.

-

>0

<0

As we mentioned earlier, the equilibrium price increases with A, i.e., p°(1) — p°(m) > 0.
Therefore, if the absolute value of the second part on the RHS is not too large, we would
have 73,(1) — 7§, (mr) > 0. Note that when gy is sufficiently close to 1, or k is sufficiently
large such that the difference between e°(my) and e°(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 mp, as well. It can be easily shown that the H-type
tirm has a higher incentive to report my than the L-type firm, as the H-type firm pays a

lower penalty ex-post.
75 = 7| = [AE W) = Af(m)| = [Fuley) = Fuler)]s > 0.

In sum, the H-type would have no incentive to cheat under both liability rules. O
Proof of Proposition 2

Proof. First, we define ¢ = B? (1 — q) I to simplify notations in the following discussion.
To avoid the trivial discussion that hybrid equilibrium never happens, we require that
8>%and1<¢<3¥.

Based on Proposition 1, we find that the hybrid equilibrium arises under the strict li-
ability rule when s € (s,5), the L-type firm sends message mj with probability A* and

sends message mp with probability 1 — A*, where

s = g 2e—1)
B (1—a)p?e’
5 = l__2(4;2—€1)’
It 1 (1 —a)B?e(l —s)
T 2a(p—1)



Under the comparative negligence rule, firm’s expected profit in the pooling equilibri-
um is
1
€ =v—[1—gq;—(1 —oc)e]l+§/52 [1—qr— (1—a)e? 12 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
1
() =v—[1—qu— (- 1+ 21—~ (- 0P (P-2). @
In the separating equilibrium, i.e., s € [s,[), firm’s expected profit is
I1°(s) =v — [1 —q — (1 —a)e]l
15 2 2] (2 _ @2 ®)
+5B |1—a) (=g —ef +a(1—qu)| (12 =57).

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

I(s) =0 —[1—qr—¢(1—a)e] I +[(¢—1) (1—a)e]s

1, 2_ 2 (©)
+of (=) [(1—q) =2(1 —a) e (I —s7).

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

5(s
aHas( ) =B (1—q)R(1-a)e—(1—qr)ls+(p—1)(1-a)e

. AIS(s) A o (p—1)(1— _
The solution of % =0issy = ,32(1—qu[(1—(%)§)28(1—«)£]' Let As; = sg — s, then

Asj — (Bp—D(1-a)e—(5¢p—4)(1—qr) (1 -a)e+2(p—1) (1—%)2_
BPA—gu)[(1—qr) —2(1-a)e (1 —a)e

Let Asy = sy — 5, then

poy = B9=D (=0~ [p(5—dn) —4(1—w)] (1 —q)e+2(p=1) (1 -q0)”
B —an) [(1—q) —2(1—a)ele

2(1—q)(¢—1) ~_ 1-qp

A-a) &~ 20-a)
and €3, where €1, €3 € [¢,€], and &1 < ¢.

Next, we let ¢ =

€ = 1 — g1, and define two threshold values ¢;

D Ifa < 1(ie,e<e), we can have that (i) IT° (s) decreases with s when ¢ < ¢, (ii)
2

IT° (s) first increases then decreases with s when &1 < ¢ < ¢, (iii) IT° (s) increases with s
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when ¢ > €5, where

g ifp<2anda< —214;;%4;2)*8
€1 = f ifg<4-2v2 and e = e ifg<jand 21431?43412)_8 <es 6¢—2;j:$+7
e if¢g>4-2V2 g ifg<Sanda> 6¢25—_143$+7
e if¢ > %

\

gg is derived from As; = 0 and € is derived from As, = 0, where

(1—qr) |59 —4+ /> —8p+38

Ry ) 3p— 1

_ (g [G—4a)p—4(1—a)+ /(1662 —16a+1)$p2 +8 (1 —a) [(4a — 1) ¢ — (2a — 1)]
R Y 3p—1 '

(I If &« > % (i.e., € > €), we can have that (i) IT° (s) decreases with s when & < ¢, (ii)
I1° (s) first increases then decreases with s when g1 < ¢ < ¢, (iii) IT° (s) increases with s

when ¢ > €5, where

r§0 if¢§4—2\/§anda§ ¢+27W
€1=4¢ if4)§4_2\/§and“>¢+2—w’
(€ ifp >4—2v2
F if¢§4—2\/§and/x§ ¢+2—W
B E if¢§4—2\/§anda>4’“*g(/pw
82_<§0 if¢>4—2\/§anda§3%¢ '
E if¢>4—2\/§anda>ﬁ.

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 I15(0) = TIC.

Let Agc(s) denote the difference between firm'’s expected profit under the two product
liability rules, i.e., Agc(s) = IT°(s) — ITI¢. When s € (0, ],

Asc(s) = —%ﬁz 1—q.—(1—- oc)s]zsz;
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whenss € (s,5),

Asc(s) =[(¢—1) (1 —a)e] (I +5)

e {[n-wre)es [amwr-20-a0-09 2}

whens € [5,1),
Bsc(s) = of* {a 1 —a) 2P~ [(1~ )@ ~2(1—q1) (1 ~a)e + (1 —q1)?] 2} )
In the pooling equilibrium i.e., s € (0,s], Asc(s) < 0, so that firm’s expected profit is
higher under the comparative negligence rule. In the hybrid equilibrium, i.e., s € (s,5),
if I1°(s) decreases with s, firm’s expected profit is still higher under the comparative
negligence rule as I1°(s) < IT°(0) = I1¢ (i.e., Asc(s) < 0). Recall Proposition 2, we can
confirm that if the quality gap ¢ 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 ¢ > &, in
the hybrid equilibrium, and decreases with s in the separating equilibrium. Under such
a circumstance, the maximum of the expected profit difference is Asc(s). If Agc(5) > 0,
there must be a range of (s1,sp) such that firm’s expected profit is higher under the strict
liability rule if s € (s1,52). From Equation (7),

1

Asc(8) = Eﬁz {(X (1—a)e?(1* —5%) — [(1 —a)??—2(1—q) (1—a)e+(1— %)2] 52}

= %ﬁz {a(=0) (=)~ [(1-q) — (1 - )3}

Since 1 — g1 > ¢, then
s Lo o222y 2020] Lo o v o
ASC(S)ZZ,B a(l—w)e (I —5%) —a“es —zﬁae (1—w)l*—5°.
Therefore, Agc(5) > 01if (1 — «)I?> > 52, which is equivalent to
2
B2le

Note that the RHS of this inequality lies between (0,1), which implies that there must
be some « that are sufficiently small to make this inequality hold. Thus, under the strict
liability rule, if the quality gap € > &, 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 5, given that ¢ is relatively large, where s < s1 <5 < so < [, I1%(s1) =
I1%(sy) = IIC. O



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—q0— (1—a)e] [1- B (1—qu— (1 -a)e)|.
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:

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

EFS(s) = [1—q. — (1—a)e] [1- pe(0)]
=[1-g— (1= [1- 20 -5) 1 - g~ (1-a)e)|.
It is clear that EF5(s) > EFC for s € (0, 3].

(I) If s € [5,1) and the separating equilibrium is sustained,

EFS(s) = aFy(e5(m1)) + (1 — &) Fer(¢(1))
= a(1—qu) [1= B2 =5)(1 —qu) | + (1 — &) (1 = qur) [1 = B2 = 5)(1 — qm) .

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

tonically increase with s.

(Ill) If s € (s,5) and the hybrid equilibrium is supported,

EFS(s) = aA(1—qu) [1= B2(1 =) (1= qu) | + (1 —aA)(1 = q) [1 = B2 = 5)(1 — 1) |
=1—q1— (1 —a)e—2(1—a)e(¢ —1) + B —5)(1 —qu) 2(1 — e — (1 —q1)].

This equation implies that EF®(s) increases with s if and only if & < %. 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 ¢ > %, 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 EF°(s) is continuous and reaches its minimum at 5. Thus,
if EF5(5) — EFC(s) < 0, there must be a range (s},s5) around 5, such that EF°(s) <
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EFC(s) in this region. Therefore, we focus on the sign of EF®(s) — EFC(s) in the following
discussion. Let Asc(s) = EF5(s) — EFC(5), then

Bsc(s) = B5[1—q — (1 - a)e> — 2(p — Da(l - w)e.

By solving the inequality Asc(5) < 0, we can derive that a < &, where

pPse? — 75 (1—qr)e+ (¢ —1)e+ \/[2!525(1 —qu) + (9~ D] (¢~ 1)e2 — 2% (1—q1)* (¢ — 1)8.

&= B?5e2 4+ 2(¢p — 1)e

Recall the assumption in Proposition 2 (i.e., & > %), we can obtain that EF®(s) —

EF¢(s) < 0ife > % and & < &, where ¥ = min {a;,a} and ay = 1 — w O

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 7ty (mp).

(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 mp. The only possible
equilibrium is the pooling equilibrium.

(IT) Under the strict liability rule, we first characterize pooling equilibria. The L-type
would report mpy, which yields a pooling equilibrium, if 727 (0) > 77 (my), where

71 (0) = p™ — F(e°(0))s.
77 (m1) measures the highest pay-off the L-type firm can obtain if it deviates from p?°

under the most pessimistic out-of-equilibrium belief. Thus, it must be that
pt? > i (mr) + FL(e%(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.,
pP° < p°(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 77 (0) — 77 (my,)

decreases with s, the L-type has a lower incentive to cheat when s is large. Recall that in
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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., 717 (1) = 77 (my), or equivalently

P — FL(e®(A))s = mi (my).

Hence, the equilibrium price in a hybrid equilibrium is p"¥ = Fy(e5(A))s + 77 (m). 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 my, i.e.,

77 (mr) > 77 (1). Thus, the equilibrium price should satisfy the following condition:

p* < i (my) + F(e5(0))s.

Separating equilibria can be supported when the price associated with mp 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 m with price signaling as well. The similar
logic in the main model can be applied. The H-type must have higher incentive to report
mpy than the L-type, since the H-type firm pays lower expected penalty. Thus, in pooling
or hybrid equilibrium, the H-type must report mp given that the L-type sends mpy 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.,
p*¢ > p°(mr), which holds trivially. O

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
hyx*
i (A) = 7 (me) + | Fu(e5(A)) = Fu(eS(A) ] s
In the optimal separating equilibrium, the H-type’s profit is
i (1) = 7 (mo) + [Fu(e(1) = Fu(e5(1))] s
The profit difference between the two types of equilibria is
Ar =l (A) — e (1)
= { [R5 (1) = Fu(S(W) | = [FL(e5(1) = Fu(e3(1)] } 5

- /esw OFu(e) 9FL(e)] . _
- eS(1) oe de ’
OFy (e)

The last inequality follows the facts that =5~ > a%ée) and e5(A) > e°(1). Therefore,

when s € [s,5], 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
iy (0) = p"*(0) — Fu(e*(0))s,
where p?°*(0) = v — F(E(g),e°(0))(I —s) — c(e°(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,

21 O) =7 W] (5(g),e5(0)) - FueS(0))) + (Fu(eS(0) — FaleS(1))} <.

The last inequality holds as F(g, ¢) decreases with both g and e and e(A) decreases with A.

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.! O

0.70 - 391
Pooling

Separating with I1
price distortion

Separating without
price distortion

0.34 3.52

Figure 1: Equilibrium structure 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 mpy, its profit 71¢(A) can be expressed

as
A =at (M) =P =0v—G(A)I+G(A,ep)s —c(eC (M) — Fp (ep)s — P,
and when the L-type firm advertises m, its profit 77t (my ) is

g’ (mp) = mp (mp) = 0 — G(mp)l + G(my,ep)s — c(e“(mL)) — Fi(ep)s,

where G(my) = F(e“(m)) and G(my,ep,) = Fr(ep). Since ana%(/\) = _anS\A)l + aG(aﬁ’eb)s >
0, then 7¢(A) is increasing in A and & (1) > 7(0) > 7t (mp). Let AY(A) = () —
7¢(my), we can further obtain that A¢ (A) is increasing in A and A (0) < AT (M) < AS(1),
where AS(0) = 7¢(0) — ¥ (my) and AT(1) = 7(1) — ¥ (mL). We define P¢ = AS(0)
and P* = AS(1). Then, we can obtain the following results: if P < P, 7t(m.) < 7¢'(0),
the L-type firm always cheats, and a pooling equilibrium arises; if P© < P < P°, 7 (0) <
Cr

7 (mp) < 7€ (1), there exists a unique A" that makes 7' (A") = 7% (my ), and a hybrid

In Figure 1, F(g,¢) = (1 —q)(1 — Be), c(e) = %, v=42,04=03,q, =03, 8=0.631=42 InFigure2, F(g,e) = (1 —q)(1 — Be),
cle)=9,0=45x=0254, = 03,¢ = 0.65 = 0.63,1 = 45.
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equilibrium can be supported; if P > 7°, 7 (mL) > nt'(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 myy, its profit 717’ (1) can be expressed as

' (A) = mp(A) =P =v—G(A) (Il —s) — c(e®(A)) — Fu(e%(A))s — P,
and when the L-type firm advertises m, its profit 7}’ (m ) is

i (my) = mp (my) =0 — G(mp) (1 —s) — c(e®(mp)) — Fr(e®(mp))s,

where G(my) = F(e°(my)). Recall Proposition 1, when s < s, 77 (my) < 77(0), then
iy (mp) — 3'(0) > 0if P > 77 (0) — 73 (myr), and 73’ (mp) — 7’'(1) > 0if P > 73 (1) —

7 (myr), as a result, a pooling equilibrium arises if P < 77 (0) — 77 (m.), a hybrid equi-

librium arises if 717 (0) — 77 (mr) < P < 77 (1) — 77 (my), otherwise, a separating equi-
librium arises. Whens < s <5, 77 (0) < 77 (mp) < n7(1), then if P < 77 (1) — 77 (my),

np'(0) < my'(mL) < my’

(1), and a hybrid equilibrium can be supported; otherwise, a
separating equilibrium arises. When s > s, 7°(mr) > 7°(A) for any A € [0,1], which
makes 71%(m ) no less than 7w (\, my) for any penalty P > 0, such that only a separating

equilibrium exists.

Based on above, let P° = 75 (0) — 77 (m) and P = 7 (1) — 77 (my), 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 mp with

probability A* and it reports my; with probability 1 — A*, in which

-whens < s, i)if P < P, A* = 0, and a pooling equilibrium is sustained, ii) if
PS < P < FS, A* € (0,1), which uniquely solves 7'(2(7\*) —P = ny(mr), and a
hybrid equilibrium is sustained, iii) otherwise, a separating equilibrium is sustained;

-whens < s <5, i)if P < ps, A* € (0,1), which uniquely solves nf(z*) — P =
nf(m 1), and a hybrid equilibrium is sustained, ii) otherwise, A* = 1, and a separat-

ing equilibrium is sustained;

- whens > 5, A* = 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. O
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335 335 = 3.35
s=10(s<5s) s s=18(s<s<5%) s $=29(s>5) LETETr

2.85 2.85 2.85

Figure 3: Comparison of firm’s expected profits with advertising penalty (v = 4, « = 0.35, g = 0.25,
e=0.656=00631=4,5=173,5=252,F(q,e) = (1—¢q)(1—Be), cle) = %)

Proof of Proposition 6

Proof. Under the comparative negligence rule, consumer (expected) surplus is
CSC = aCSE(0, my) + (1 — &)CSG(0, my),

where CS$(0,mp) and CS%(0,myy) are given by Equation (15) in the main text. Taking

the derivative with respect to penalty s,

a(;fc _ st e()(s)mH) i “)acsgé(s),mm
_ LV R (0) + FL(Zz‘a/)s — c(e°(0)) — pE(0)] (1— a)e(1— Bey)
N A V)L FH(LLe‘z;)s — < O) =PRI 1 ey
__1- "‘):‘(/1 — Fer) 12(1— pe(0))1 — (1~ Bey)s| ¢,

where pf(0) = V_G(O)HG(O'%);_C(EC(0))+F"(8b)5,i € {H,L}. Since ] > s and ¢“(0) < e,

we have 2 [1 — Be“(0)] I — (1 — Bey) s > 0. Thus, % < 0, meaning consumer surplus

decreases with s under the comparative negligence rule.

Under the strict liability rule, if s € [s5,1), separating equilibrium is supported, the

consumer surplus is
CS% = aCS3 (my) + (1 — a)CS3 (1, mpy).
Given that in the separating equilibrium,

[V — Fi(e%(mp)) (1 —5) — c(e®(my)) — Fi(e®(my))s]
8V

2
CS;(my) =

4
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[V = Fu(e8(1) (I = 5) — c(e3(1)) = Fu(e5(1))s]’

S8y (1,my) = - ,
we have
oCS® _ V= Fi(e%(mp))(I —5) —c(e®(mp)) — Fi(e®(mp))s OFL(e”(mL))
ds 8V 0s
(1 V)= 8) — 1) = Fa(e(0) g Dl (1),

Since aFL(e;S(mL)) > 0, (555(1)) > 0 and V is sufficiently large, it must be that % < 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
CS® = aCS3(0,mypy) + (1 — a)CS% (0, my).

Since in the pooling equilibrium,

— (e° — —s) —c(e° —ies s2
C55(0, my) = LV =2 [F(E(©) = 6(0)] (=)~ e(e0) ~F((0) },
then
S
P8y [(1-3pe5(0)) (1~ w)e — 21— 1) (1~ E(g))s]
+ (1= )Ty [—(1—36e5(0))ae — B2(1 - q1) (1 — E(q)))s],
where T; — V*z[Fi<eS<o>>fc<0>]<;s>fc<e5<o>>—F,-<e5<o>>s and E(q) = 1— g1 — (1— a)e. Now, we

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

e’ — Fr (e’ -5
agssﬂs_oza(l_“)g [1-36e5(0) [Fr(€(0)) F4LX(/ (0)] (2 —s)

If 1—3B8e5(0) = 1—-38%[1—qL— (1—a)e]l < 0, then combining with the fact that

Fr(e5(0)) — F.(e5(0)) < 0, we have %] 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. O
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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'(A, my) > G'(my), forall A € [0,1],
the L-type firm can charge a higher price if it reports mp. In addition, consumer effort
would be higher with mpy. Therefore, under both liability rules, reporting mp is the dom-

inating strategy for a L-type firm.

Given that the firm always sends mp, the expected profit under both rules is
I =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. €5(0) < ¢/(0), then IT¢ > TT%. O

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 mp, the consumer’s expected utility can

be expressed as follows:

— _GWe) |, . G(Aep)
UMC(mH,e)—{U () [l GOV } p—cle) if =55 > 0.50r 051

v—G(A)] —p—cle) if ()(‘))<050r051
where G(A) = M Fi(e) + %FH@ G\ ey) = qiiFi(e) +

%FH(%). We define e satisfies that g&gg = 0.5 or 0.51,where G(A,e1) =

%1—1 (e1) + %PH(Q). Then, the consumer’s expected utility can be

rewritten as

v—GMAI+G(A,ep)s —p—cle) ife> e

UMC(mH,e) _ (1) (A ep)s —p —c(e) 1 ’
v—G(A)I—p—c(e) ife <e

The first order condition of e with respect to UM (my,e) is % = —%l —

¢’ (e), so that the consumer’s optimal precaution effort eMC () satisfies the condition that

aGé?—A'ATZH)l + ¢/(eM€) = 0. Then, the optimal price set by the L-type firm is

7

pMC(A) _ {U - G(A)l + G()\, eb)s — C(eMC(/\)) if €MC()L) > é\l

v — G(A) —c(eMC(N)) if MC(A) <
where G(A) = it FL(eMC (V) + =ity Fr (ME (). Tf % > 0.5 or

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

aMC(A) =0 — G+ G (A ep)s — c(eMC(A)) — Fr(ep)s,

orMC()) oG /\e Er (e
and nLaA = — ag\)H‘ ( blg > 0. If—(L(b()))

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

mMC(A) = v — G(A) —c(eME(0)),

MC
and anLaA(A) = —aGa(AA’)l > 0. Thus, MC(A) is increasing in A.
Next, we define e; satisfies that % = 0.5 or 0.51. When the L-type firm sends mes-

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

uMC(lee) _ {UFL(6)1+FL(eb)SPC(€) lfe>?2

v—Fr(e)l—p—c(e) ife<€2.

. : - OF (eMC
The consumer’s optimal precaution effort eMC () satisfies that SSAC )l +c'(eMC) =0,

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

pMC (1, ) = v — F (eMC(mp))l + Fr(ep)s — c(eMC(my))  if eMC(my) > &
v — F(eMC(my))l — c(eMC(my)) if eMC(my) < @ .

If ) (fjﬁ(ce(”%L)) > 0.5 or 0.51, then the L-type firm'’s profit when reporting my, is

aMC(my) = v — Fp(eMC(mp)) 4 FL (g,e5) s — c(eMC(my)) — Fr (ep) s.

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

" (my) = v — Fp(eMC(mp))l — c(e™C (my))

= v — F(eMC(mp))l + Fr(ep)s — c(eMC(my)) — Fr(ep)s.

By comparing 7M€ (1) with 7M€ (m), we can obtain that under the modified compar-

ative negligence rule, if the L-type firm truthfully reports my, its profit (i.e., M (m))
is lower than the profit with my (i.e., 7MC(7A)) for any belief A € [0,1]. Thus, only a
pooling equilibrium is sustained (i.e., A = 0), and in equilibrium, firm’s expected prof-
it is TIMC = v — G(0)I — c(eM€(0)), where G(0) = aF; (eMC(0)) + (1 — a)Fy(eMC(0)),
eMC(0) = €(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.,
IIMC = 11°).

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

20



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 ey, but is zero if the consumer spends a

lower level of effort e < ¢,.

(I) If the level of precaution effort spent by the consumer is lower than ej,, when the
L-type firm advertises my, the consumer’s expected utility is UN (mp,e) = v — G (A) ] —

p — c(e), and the optimal effort level e“V(A) exerted by the consumer satisfies the condi-
tion that aace((;ﬁ)l + ¢/(e“N) = 0. The optimal retail price set by the L-type firm is pcN (1) =
v — G(A)] — c(e“N(A)), and the optimal profit achieved by the L-type firm is 7tV (1) =
1-A 1— oreN (M)
PN (), where G(A) = iy Fu (N () + (g Fr (6N (). As Z= =
oG
]

—#l > 0, then 7EN (1) is also increasing in A, the L-type firm will always report my.

(I) If the consumer spends the precaution effort level e,, when the L-type firm advertis-
es mpy, the consumer’s expected utility is UN (A, e,) = v — G(A,e,) (I —s) — p — c(ep), the
optimal retail price charged by the L-type firm is p*N (A, e,) = v — G(A,e,) (I —s) — c(ep),
and the L-type firm’s profit is 7N (A, e;) = v — G(A,e,)(I —s) — c(ep) — FL () s. Since
N, ep) — TN (my, e,) = [FL (ey) — G (A,€5)] (I —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, A = 0, and in equilibrium, the optimal precaution effort exerted by the
consumer is e“N (0) = ¢%(0), and firm’s expected profit is [T*N = v — G(0)I — c(e“N(0)),
where G(0) = aF;(e“N(0)) + (1 — &) Fy(e“N(0)). Obviously, firm’s expected profit under
the contributory negligence rule is equal to that under the comparative negligence rule
(ie., TICN = 1T1C).

In conclusion, under either modified comparative negligence rule or contributory negli-
gence rule, both types of firms advertise mp, 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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