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Best-price Guaranteesasa Quality Signal

by

Stephan M. Levy
stephan-levy@verizon.net

This paper shows that best-price guarantees can enhance welfare, in contrast to findingsin recent
literature. While a high-quality monopolist can signal its quality strictly through high prices, using
both price and a best-price guarantee may allow the firm to signal its quality with asmaller price
distortion. A low-quality monopolist will not mimic its high-quality counterpart by offering a
best-price guarantee, because the accompanying restrictions are too costly. Best-price guarantees
are similar to money-back guarantees and other more general contractsin their ability to allow less
costly signaling. The welfare enhancing capabilities of these contractsimply that the antitrust
authorities should regard them more favorably.

I would like to thank Eric Rasmusen, Anjan Thakor, Tom Lyon, Wayne Winston, Charles Thomas,
David Sharp and two anonymous referees for their helpful comments and suggestions. All errors
aremy own. The views expressed in this paper are those of the author.



Best-price Guar antees as a Quality Signal

I ntroduction

The nation thet uninformed consumers can infer a product’s qudity from its price was
recognized |ong before economists developed the fundamentas of sgnaing games. However, game
theoretic formalization has shed light on how firms can make sgnaling work. For example, the
meanufacturer of a high quality good can signd quality through a higher price than would be optimd if
consumers were fully informed about product quality. Signding in this manner is credible because,
though high prices reduce profits for both low and high qudity firms, alow-quality manufacturer suffers
greater losses than its high-quality counterpart.” Thus, alow-qudlity firm will not find it profitable to
mimic ahigh-quality firm’s pricing Srategy.

Klein and Leffler (1981), Shapiro (1983), and Bagwell and Riordan (1991) have established
the foregoing point through various means. Bagwell and Riordan's modd, in particular, shows thet price
sggnding diminishes in drategic vaue as consumers gain information over time about a nortdurable
good's qudity. They do not consder mechanisms that may credibly alow the firm to disseminate this

information more quickly, such as a best-price guarantee.

L Quality" may take different meanings. Sometimes, quality refersto the likelihood that a product will be
defective. Here, quality refersto consumers' tastes and preferences between similar goods. For example, Coca-Cola
may be viewed by many consumers as being a higher quality product than Check Cola.



Best-price provisons, or most-favored customer contracts (MFCCs), are sales contracts that
specify arebate for customers when the firm charges certain prices for its product.? While these
contracts take on a variety of forms, in this paper | examine retroactive two- party MFCC, which
require the firm to pay the cusomer a pendty should the firm lower its price during some specified
period. The pendty is usudly the difference between the origind price and the“sd€e’ price (but may dso
have an dternate specification). In effect, the MFCC commits the firm to not lower its own price in the
future. These contracts may be valid for any length of time and are generdly easly enforced.

MFCCs may be used in avariety of ways. Cooper (1986) models the use of retroactive
two-party MFCCs by Bertrand oligopolists, selling products of known quality. Cooper shows thet at
lesst one firm will unilateraly adopt an MFCC in equilibrium.® If afirm offersaMFCC, itsriva can
profitably charge higher prices, even without offering an MFCC itsdf. The MFCC adopter, in effect,
communicatesto itsriva itswillingnessto (tacitly) collude, and burnsits bridges as proof. Provided the
rival does not charge too low a price, the adopter will not lower its own price.

Inagmilar vein, Butz (1991) shows that amonopolist producer of a durable good of known
qudity will offer aretroactive two-party MFCC in order to commit credibly to not lowering pricein the
future. Without such a contract, the monopolist has incentive to increase output in each period,

imposing additional cogts on its previous customers. The monopolist's inability to commit to limiting the

“Contemporaneous two-party MFCCs commit the firm to eschew price discrimination amongst its customers
within each period. Contemporaneous three-party MFCC commit the firm to match the best price offered by its
competitors. A three-party retroactive MFCC commits the firm to pay previous customers a rebate should they find
that a competitor had alower price.

% Neilson and Winter (1993) show that both firms will adopt aMFCC only under the undesirable assumption that
demand for one firm's product is less responsiv e to changes in its own price than to changesinitsrival’s price.



good's stock induces consumers to reduce their willingness to pay for the good. MFCCsdlow the
monopolist to commit credibly to higher prices and retain dl of its monopoly power*

This paper studies the use of a retroactive two-party best-price provison, and amore generd
form of contractua commitment, as part of amultivariable sgna of product qudity. Consumers
uncertainty about product quaity induces firms producing high—qudity productsto distinguish
themsalves by adopting MFCCs. Asaresult, welfare is greater than if MFCCs had not been adopted.

This result contrasts sharply with the results from Cooper (1986) and Butz (1991), in which consumers
were fully informed about product quaity and the MFCC was welfare reducing.

Following Bagwdl (1991), | assume amonopoligt is ether high-quality (type H) or low-qudity
(typeL). Thefirm learnsits randomly determined type prior to any pricing decisions, but consumers are
uninformed about the firm’s product qudity in period 1. They become fully informed before making any
purchases in period 2.

ThetypeH firm disinguishes itsdlf from the type L firm by offering afirst period pricethet is
higher then its full-information monopoly price— the price it would find most profitable to charge when
consumers are fully informed. | show that offering a best-price guarantee alows the high-qudlity
producer to Signdl itstype at alower price, because alow-qudity firm is unwilling to offer a best-price

guarantee at any price greater than its own full-information price. If the low-qudity firm mantansahigh

* Contemporaneous MFCCs appear to be less powerful devicesfor credibly committing to maintain high prices.
Besanko and Lyon (1992) posit amodel similar to Cooper's, in which the oligopolist offers a contemporaneous MFCC
in order to tacitly collude withitsrival. Thistype of provision is not necessarily adopted by any firmin an
equilibrium since price discrimination is profitable if the high value customers are numerous enough. Moreover, the
empirical work of Crocker and Lyon (1994) shows that the three-party MFCCs used in long-term contracts tend to
facilitate efficient price adjustment rather than collusion. These types of MFCCs place no restrictions on the firm's
ability to lower its own prices, but instead serveto limit its ability to raise prices. Within the context of my model,
only the ability of the firm to cut its own price isimportant.

(continued...)



price, then its sdeswill suffer in the future once consumers learn the true qudity. If it lowersitspricein
the future, then it will be able to el its product, but will have to pay the penalty stipulated in the MFCC.
Thus, the high-qudity firm can use an MFCC to diginguish itsdlf from itslow-quality counterpart, and
the associated lower prices raise welfare”

The paper is structured as follows. Section 1l characterizes the solution with only priceasa
sgnd. Section Il shows that the use of a best-price provison dlows the high-quality monopolist to
ggnd a alower price, thusrasng welfare. Section IV examines the sgnding game with amore generd

penalty contract. Section 'V concludes the paper.

. Classic pricesignaling

The basic modd isfrom Bagwell (1991), with the exception that the monopolist's quaity choice
isexogenous. Consder a 2-period modd in which consumers purchase a nondurable good from a
monopolist.® Nature determines the quality of the good prior to any actions by the players. Let il {L,
H} index qudity. Demand for the good of quality i in period t isgiven by D(p,,b,), where p; is price,
bd [0, 1] is the probability with which consumers believe the good to be typei=H and t indexestime.

D(p,,b,) isdecreasngin p; and increasing in b:. Let ¢; bethe margind cost of the good of qudity i,

®MFCCs are an effective signal because they are a credible, legally binding commitrrent to a particular price
level. Riordan (1986) also recognizes the importance of commitment in aquality signaling game. However, the
commitment mechanism in Riordan is exogenous. In contrast, the choice of adopting aMFCC as a commitment
mechanism isendogenous to my model.

® Best-price guarantees are frequently used in non-durable goods settings. For example, retailers offer MFCCs
to customers as protection (on durable and non-durable goods) from missing asale. Also, consider ascenarioin
which consumers may be indifferent between purchasing today and tomorrow (at today’ s price), or have discount
factorsvery close to one. Then non-durable goods begin to approach being durable goods, in the limit. By viewing
the model in the present setting, we can avoid complications resulting from the Coase Conjecture and from the
monopolist’s need to hold periodic sales when the number of consumers with low willingness-to-pay becomes large.



with c.<cy. Letdi [0, 1] bethe discount factor. Let p be the highest price for which any consumer
would be willing to pay for the monopolist's product — implyingD(p,1) = 0. In period 1, consumers are
uninformed as to the quaity of the monopolist's product. In period 2, consumers are fully informed
about the product's quality.
The type L firm'’s profit function for this gameis given as

P(p,,c .b.,0,0)+dP(p,.c. ,0,0,0). (1)
Profitsin period one are afunction of the price in period one, the type L firm’s margina cost, and
consumers beliefs about the product’s quality. * Profitsin period two, when qudlity is known, are a
function of the price in period two and the type L firm’s margind cost, and are discounted
gopropriaidy. Similarly, the type H firm's profit function for this game is given as

P(p,.cx +b1,0,0)+dP (p,,c, ,10,0). (2)

Assumethat fordl " (c, b) P(p, C, b,0,0) isgtrictly concavein p, with awel—defined maximizer
p(c,b,0,0) a which profit is positive: P (p(c,b,0,0),c,b,0,0) > 0. Further assumethat p(c,b,0,0) is
increesinginc (c, b), thatis P, =- D >0. Alsoassumethat " (c, b) p(c,b,0,0) isincressingin b,
thetis P, =(p- c)D ,,+D, >0.

Let

p(c.,0,0,0)= argmaxP (p, c_,0,0,0), 3

"The last two arguments of the profit function represent whether or not an MFCC has been offered. These
arguments take the value of zero in equations (1) and (2) and are defined in Section 111.



P(cw 1,0,0) = argmaxP (p, ¢ ,1,0,0) @
be the full-information (firg- best) monopoly prices for the low-qudity firm and the high-qudity firm
respectively. Notethat p(c, ,0,0,0)< p(c,,1,0,0) because D(p, b, ) increasesin b.

Because consumers do not know the firm’strue type in period 1, atype H firm would like to
ggnd itstype through price. Assume

P (p(c.,0,0,0).¢,,0,0,0)< P (p(cy .L0,0).c,,1,0,0), (5)
which impliesthet atype L firm would find it profitable to offer the high-qudity, full-informetion price if
doing so induced consumers to believe that its true type were H. Consequently, when consumers are
uninformed, atype H firm cannot sgnd itstype usng itsfirst-best price.

| use backwards induction to find the equilibrium prices charged by each type of firm in this
game. Inperiod 2, when al consumers are informed about the product’ s qudity, the firm will set its
price at its full-information level. Edquilibrium profitsin period 2 are P (p(c, ,0,0,0),c, ,0,0,0) and
P (p(cH ,1,0, O),cH 1, 0,0) for thetype L firm and the type H firm respectively.

Now congder period 1, when al consumers are uninformed about the product's quality. Ina
separating equilibrium, the type H firm selects a price such that atype L firm will chargeits full-
information price and will not find it profitable to mimic. Any price, P~ offered by H in aseparating
equilibrium must satisfy the following incentive compatibility congtraint:

P(P,c 100)£P(p(c.,0,0,0),c,,0,0,0). 6)
The price P* that satisfies (the quadratic) equation (6) with equality has two roots,

P<p(c.,0,0,0)< p(cy 10,0)< P ()



Figures 1 and 2 show the profit functions for each type of firm and the prices which satisfy the incentive
compatibility congtraint for linear and congtant elasticity demand curves, repectively. This leadsto the

following theorem, which is nearly identical to the theorem in Bagwell (1991).

Theorem 1. There exists a unique Cho-Kreps Intuitive Criterion equilibrium outcome in which

p,= P, p,= p(cw ,1,0,0) for thetypeH firmand p,= p,= p(c.,0,0,0) for thetypeL firm.

The proof to the Theorem is anaogous to the proof of the theorem in Bagwell (1991) and is not
formaly presented here.

A manufacturer of a high—quality good is able to Sgnd its type effectively with the high price
because a low-quaity manufacturer cannot as easily accommodate the reduction in output brought on
by higher prices. In aseparating equilibrium, the type L firm does not digtort its price and the type H
firm sets a price such that equation (6) is satisfied, p,ii (P,P). The high-quaity firm will seek to
minimize the digtortion from its full-information equilibrium price and quantity. The type H firmwill

therefore prefer to set itsfird-period price at p,= P because

P(P,c4,10,0)-P(P.c, ,1,0,0)=
P(P.cv1,0.0)-P(P.cy 1,0,0)+P(P.c.1,0,0)-P(P.c. 10,0)= ®
(cu-c )PP -DED)>0.

This result emanates from the single-crossing property:

TP (p.ca.10.0) TP (pc..0.0.0)

9
fip fip ©

Asseenin Figures 1 and 2, atype H firm isless affected by higher pricesthan atype L firm. Profits

drop much faster as prices rise above p(CH 1,0, 0) for atype L firm then for atype H firm, asthe



figuresindicate. Consumers, redizing this, know that only a high-qudlity firm could offer the high price,

and they update their beliefs accordingly.

[Il.  Signaling with Best-price Guar antees

Now consider the two-period game in which the monopolist may adopt aMFCC at the Start of
thefirg period. As before, consumers are fully informed about the firm's type only in period 2.
However, the firm's profits in the second period now depend upon the price and consumers beliefs
from period 1.

Let m=1 indicate that the firm has adopted aMFCC in period t. Let m=0 indicate that the
firm did not adopt aMFCC in periodt. Letf represent the Sze of the pendty stipulated in the MFCC.

Per period profitsfor firm i are
P(p..cbomest)= (p- ¢)D(p b)-mf - (10)

Let the MFCC dipulate the following pendty function:

][(pt-l- pt)D(pt-l’b"l) if P1” P
|

f (P pbia)= | - (11)
i 0 if p,£p,
Totd profitsat datet for firmi are:
g
a. d(t-l) P (p[ ,Gi ab[ M !f )1 (12)
t
wheredi [0, 1] isthe discount factor.
A typeL firm'sprofitsare
(pl-CL)D(pl’bl)+ d (pz B CL)D(pz ’O)' d myf (pl’ P, ’bl) ' (13)

while atype H firm's profits are



(.- cu)D(p, o)+ d(p,- i )D(p,.1)-d mf (p,. P, ) (14)
Once again, | use backwards induction to solve for equilibrium prices. In period 2, consumers
know the firm’s quaity. However, unlike the game with the restriction m;=0, the profit maximizing
period 2 price depends upon whether or not aMFCC was adopted in period 1 and the period 1 price.
If my=0, then there was no MFCC and each type of firm will offer its full-information price in period 2:
p, = p(c,,0,00) if qudity islow, and p, = p(c,,1,0,0) if qudity ishigh. Likewisg, if m;=1 and p,
islessthan or equd to the full-informetion price, then in period 2 each type of firm will offer itsfull
information price because the MFCC pendty iszero. However, if m;=1, and p; > p,, then thefirm will
have to pay a pendty in period 2. Since the pendty is dependent upon the vaue of p,, each type of firm
faces a congtrained optimization problem in the second period. Thetype L firm solves

mgx(pz-cL)D(pz,O)-(pl' pZ)D(plibl)

(15

st. p,- p,>0,

while the type H firm solves
m’?((pz'CH)D(pz 11)'(p1' pZ)D(pl’bl)

: (16)

st. p,- p,> 0.

Let

Pn(ce,0Lf )= argmaxP (p,.c. . 0Lf )., , (17)

be the solution to the constrained optimization problem in equation (15) and let

10



Pnl(ci L1f )= argmaxP (p, .y L1 )|

be the solution to the congtrained optimization problem in equation (16).

The optima second period price for atype L firm is summarized below and in Figure 3:

p2 = p(CL’O11’f):

where p_(b)={p,= p} G{p,= pn(c.,01f )} and

i
;
;
;
I
|
;
’
:
I
T

p(c.,0,0,0),

P1:

pm(CLsoylsf )1

p(c_,0,0,0),

EL(bJ): { p2: pm(CL 10’1’f )} (;{ p2: p(CL ,O’O’O)}'

The optimal second period price for atype H firmis

p, = p(cy,L11,f)=

el D D —— " — — — —

p(cy, .1, 0,0),

P1;

Pm(cy 1,1, 1),

p(CH 111 01 O)!

11

03 by (18)
p,1 [0, p(c.,0,0,0)]
plT (p(CL , 0,0, 0), PL (bl)],
p. 1 (FL(by) B, (b)] (19)
pli (5L(bl)’ ¥ )
1T [O, p(cy .1, 0, 0)],
p,1 (p(cy.1,0,0) Py (b)],
(20)

plT (ﬁH (by), 5H (bl)]-

py 1 (5H (by), ¥ )



Where p, () ={p,= p}G{p,= pnlcy ,LLF)} and

By ()= {p,= P, (e, 211G {p,= Plck LO.O}

Figure 3 shows the second period pricing rule for atype L firm when the firm adopted a MFCC
in period one, as given by equation (19) (the pricing rule for atype H firm looks smilar). As p,
approaches p(c, ,0,0,0) from above and below, period 2 profits are increasing when p; £

p(cL ,0,0, O) . For p; greater, but not much gresater, than p(cL ,0,0, O) thetype L firm findsit mogt
profitable to set p,=p; and pay no pendty. p; issmadl enough such that the number of consumerswho
are covered by the MFCC isrddively large. The firm prefers earning lower profitsin period 2 to
offering alower p, and paying alarge pendty. Asp; getslarger, however, the number of consumers
covered by the MFCC becomes smaller. Also, as p; getslarger, p,.-= p. becomes further from

p(c, ,0,0,0), and so reversion to the full-information price becomes relatively more atractive. When
P, P, (b, thefirm prefers offering alower p, and paying the smaller pendty. If p; is so large that no
consumer makes any purchases in period 1, the firm will revert to offering its full-information pricein
period 2.

Now that each type of firm's pricing rule for the period 2 subgame has been determined,
congder period 1. Consumers are uninformed as to the monopolist's true type at thisdate. A typeH
monopolist may choose to Sgnd its type ether through price done, or by offering a two-part sgnd of
priceand aMFCC. In aseparating equilibrium, the type H firm chooses m and p; suchthat atype L

firm would prefer to offer p, = p(cL ,0,0, O) . Let the price offered by H in conjunction withaMFCC

in aseparating eguilibrium, p, satisy the following incentive competibility condraint:

12



(1+d)P(p(c.,0,0,0),c. ,0,0,0)3

21
P(p.c.,1,0,0)+dP (p(c. ,0.1f ),c. ,0.LF). 1)

A

First consider p1 (p(c..00.0), B, ()], inwhichcase p, = p, = p.
Proposition 1: There exists a Cho-Kreps intuitive equilibrium outcomein which: p, = p, = p

and m=1 for type H; p, = p, = p(c, ,0,0,0)for typeL, where pT (p(cy,10,0),p, (1)].

The proof to proposition 1 may be found in the Appendix.

To show that signaling with MFCC is less cogtly, one must first show thet p £ P . From

Theorem 1, P solves
P(p(c.,0,0,0),c. ,0,0,0)= P(P.c., 0,0,0). (22)
If BT (p(c.,0,0,0), P, @)], then we can rewrite equation (21) to get:

(1+d)P(p(c,,0,0,0),c, ,0,0,0)=P(p,c.,1,0,0)+ dP(p,c. ,0,0,0). (23)

Ifd=0,thenp=P. Ifd<0,and p= P, then we can rewrite equation (23) to see that:

P (B!CL 111010) - P ( p(CL )0101 O) 1CL !O!OIO)

i _ (24)
+ d[P(p(c 000).¢..00.0)-P(P.c. 0,0,0)]

+

because P (P,c, 1,0,0)> P(P,c.,0,0,0). As (P - p)increases, both sides of equation (23) increase.
By the sngle-crossing property,

P (P.c..1,0,0) P (P.c..,0,0,0)
p Tp

0> , (25)

13



so the right-hand side of (23) increases faster as (P - p) increases than the left-hand side of (23).
Therefore, there must be some P £ P such that equation (23) is stisfied.

We must aso show that p > p(c,,,1,0,0) . Firg, thefollowing two conditions must be true for
a profit-maximizing monopolis:

1> ﬂp(CH 1:L 01 0) >0

c ) (26)

1P (p(c1,0,0).¢1,0,0) _
flc

0," c. (27)

Equations (26) and (27) imply thet P (p,c,,1,0,0)< P(p,c. 1,0,0), and p(c;;,1,0,0)> plc. ,1,0,0).
Equations (26) and (27) adso imply that the percentage decrease in profits from a one- percent increase

in costsis greater than the percentage decrease in profits from a one-percent increase in price (let ?°

represent P (p(c,1,0,0),¢,1,0,0) and let p* represent p(c,1,0,0)):

Tp' c_€&p' Ip Puc_Tp p
—— = —+—'—*> —_. 28
fc P &fp Tc ‘ITCHP fpP 29

Now p isthe price greater than p(cL,O,O,O) a which the functions P(p, CL,l,O,O) and
P(p,cL,O, 0, 0) are equidigant from the value P(p(cL,O, 0, 0), c. 0,0, O). By equation (28), as cy
getslarger, the value P (p(c,,,1,0,0),c,,,1,0,0)? will decrease “faster” than the vaue
p(c:H ,1,0,0),such that p((;H ,1,0,0): p only when ¢y isso large that
P(p(c,,10,0),c,,1,00)<P(p(c,,0,0,0),c,,0,00). However, for c. thet large, no firm would
ever consciously choose to be a high-quadity firm. Therefore, it must bethat p > (¢, ,1,0,0). In other

14



words, by offering aMFCC the high quadlity firm can signd its qudity with a price between its firs-best
price and the “ next-best” price, P, from Theorem 1. In thisinstance, the MFCC works to lessen the

price distortion even though prices are the same in both periods and consumers do not receive refunds
on their purchases.

Figure 4 shows the relationships between the profit functions for Type L and Type H firms. For
adiscount rate of d=1, equation (21) holds with equality & p, = p. Asd ® 0, p® P (from below).

Now consider pT (P, (by, B, (b)], inwhichcase p, = p and p, = p,(c ,0,Lf ).

Proposition 2: There exists a Cho-Krepsintuitive equilibrium outcomein which: p,= p,

p,= p, (e LLF) for typeH, and p,= p,= p(c.,0,0,0) for typeL, where p1 (B, (1), B, @]

The proof to Proposition 2 isin the gppendix.

As before, one mugt first show that p £ P to show that sgnaling with aMFCC isless codlly.
We can rewrite equation (21) to get:

(1+d)P(plc.,0,0,0),c.,0,0,0)3 P(p.c.,L0,0)+dP (p(c.,0Lf ).c. ,0.Lf ). (29)
which may be further rewritten as

[((L- d)p+dp(c.,01f))- ¢ JD(B.D- P(p(c,,0,0,0),¢ ,0,0,0)= )
d[P(p(c.,0,0,0),¢,,0,0,0)- (p,(c.,01f)- ¢, )D(p,(c..01f),0)]
Asd® 0, equation (30) becomesidentical to equation (9) and p= P. Theremainder of the
proof that p £ Pissmilar to the corresponding part of the proof of propostion 1. By the single-
crossing property, it must be that only aprice p = P could satisfy equation (30).

15



It remainsto be showntha p > p(cy,1,0,0). For smplicity, let d=1 and rewrite equation
(30) as:

|(p,,(c. .01 ))-c|D(p,,(c. 0.1 ).1)- P (plc. .0,0,0).c..,0,0,0)
[(pulcr.0.LF))- e [D(p(c. 0.1F )2)- D(P.L)]= (3
P(p(c..0.0.0).c.,0,0,0)-[(pn(c. .0.LF ))-cJD(pn(ce 0.1 ),0)

As p gessmdler, pm(cL ,0,1f )® P, until equation (31) converges to equation (23). Then, asin
proposition 1, p > p(c,,,1,0,0) . Reative to the assumptions of Proposition 1, the difference between
p and H' sfirg-best price may be larger here. Just as under the conditions of Proposition 1, the high

qudity firm isableto sgnd itstype with less price digtortion by offering aMFCC. Unlike in Proposition
1, consumers, under these different condiitions, will receive a partia refund from the high-quaity firm.®
Under the conditions of ether proposition, consumers pay lower prices when the high-quality firm uses

both price and aMFCC asasignd of qudity than when the firm sgnas with price done.

8 The low-quality firm does not pay a penalty because it prefersto offer its full-information price in each period.

16



V. A More General Contract

This paper, so far, has limited the firm to a very specific pendty sructure. There are other types
of contracts that may aso offer the high-quality firm the ability to credibly signd its type to consumers a
alower cost than price sgnding done. Shieh (1996) studies the use of amoney-back guarantee
(MBG) to hdp signd product qudity. A MBG isawarranty by which consumers receive a partid or
full refund of the purchase price should the consumer be dissatisfied with the qudity of the good,
whether because the good is physically defective or for subjective reasons® Shieh shows that when
consumers are promised a full refund should the good's quaity not be as promised (in this case, a
defective product is observed), a high-qudity producer will be able to Sgnd itstype at its fird-best
price.

There are two definitive differences between my paper and Shieh's. We each begin by
assuming different definitions of quaity. Shieh defines qudity as the probability that a product will break
down. | assume that qudity differences are more aesthetic. The product works, but there may exist
another product with attributes that the consumer desires more. However, this assumption is not crucia
to my mode. Allowing consumersto exercise aMBG based upon subjective measurements of quality
may give rise to mord hazard problems (too many refunds). When aMFCC isexercised it is

independent of consumers perceptions of quality. The MFCC pendty is only paid when the

*MFCCs are different from MBGs in the type of protection offered the consumer and how that protection is
triggered. MBGs protect the consumer from being dissatisfied with the good itself. Retroactive MFCCs protect the
consumer from suffering "buyer's remorse" when they find that after purchase, agood has gone on sale at alater
date. The consumer of agood with MFCC protection need not be dissatisfied with the good he has purchased --
insofar as the good is not defective -- except that he has paid too high aprice for it and could have waited to
purchaseit at alower price.
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low-quality firm lowersits price, which it must in order to make any sdes after it has been discovered
mimicking a high-qudlity firm.

The second digtinction between my paper and Shieh's may be found in the results. While
MFCCs and MBGs are different contracts, they are both capable of alowing producers of high-qudity
goodsto sgnd their qudity with reduced price ditortion. Under either type of contract, low-qudity
producers are unable to afford the associated penalty.® MBG protection, in the form of afull refund,
fully eiminates the price digtortion. MFCC protection, apartid refund, partidly eiminates price
digtortion.

What isimportant for reduced-distortion sgnding, however, is not the specific terms of the
contract, but that there is an enforceable penalty imposed upon the low-qudlity producer for mimicking
ahigh-qudity firm. Thefollowing andyss showsthat there is a more generd form of contractua penalty
with which the high-quaity monopolist can sgnd its type without price distortion. MBGs and MFCCs
are variants of this generd contract.

All that is necessary for "cost-lessgnding” is for the contract to be somehow tied to some
measurement (i.e. through either price or observable quality) of the firm's performance and that the
pendty be sufficiently large. From equation (10), period two profits are

P(pz,ci ,bz,ml,f)= (pz- ci)D(pz,bz)-mlf. (32
where f >0 is the penaty paid per-unit of the product sold and myl {0, 1} is the (observable) trigger

variable which determines if the pendty goes into effect. The pendty, which is now an endogenous

%11 Shieh's paper, the probability of a product being returned for full refund is too high for alow-quality
manufacturer to offer MBG protection. In my model, the penalty associated with lowering prices once quality
becomes known istoo great for the low-quality firm to offer price protection.
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vaiadle, may be triggered by some measurable standard, whether it be price or observable qudity (a
breakdown).
For the pendlty to induce distortion-free sgnaling, thefirst-period pricewill be p, = p( ¢y ,1,0,0) .
The incentive compatibility congraint, equation (21) will become
@+d)P(p(c.,0,0,0),c,,0,0,0)3 P(p(c,,10,0),c ,1,00)+d(p, - ¢ )D(p,,0)- df .  (33)
Suppose the penaty were f = plD(pl, bl) , Which is equivaent to a money-back guarantee,
but istriggered when p, < p,, likeaMFCC. ThetypeL firm’'soptima price in the second period is
p(cL ,0,0, 0) (the size of the pendlty isindependent of p,). Therefore, equation (33) may be rewritten
as
P(p(c,,0,0,0),c,,0,0,0)+dc, D(p(c,,1,0,0),2)3 (1- d)P(p(c, ,1,0,0),c ,10,0). (34)
Provided that the discount factor, d, is large enough, equation (34) will be satisfied. Thismore generd

contract, which isahybrid of an MFCC and MBG, dlows distortion-free Sgnding.

V. Conclusion

Best- price guarantees can be an effective sgnd of aproduct'squality. A low-qudity producer will
find that offering aMFCC is unprofitable-- it must be ableto lower prices or el sefacereduced salesinthe
second period. A high-qudity producer findsthat it can sgnd its qudity with lessprice distortion thaniif it
had not offered a best-price contract. Since the contract credibly restricts the firm's actions, consumers
know that only ahigh-quaity producer can afford to offer aMFCC. The similarities between Shieh's paper

and my own indicate that there exists amore generd type of commitment guarantee, one in which the firm
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offers explicitly to pay consumers if the firm misepresents its type.  There is some sze of monetary
non-performance payment for which a high-qudity firm will be able to offer itsfirs-best price.

Contrary to some of the previous literature on best-price guarantees, socid welfare should be
greater when MFCCs are used as a Sgnd of quality because prices are lower and output is higher than
without the contract. 1n both Cooper (1986) and Butz (1991), MFCCsalow firmsto charge higher prices
and redtrict output. If best-price guarantees are not dways harmful to socid welfare then these contracts
should be dedlt with on a case by case basis by antitrust authorities. Further, empiricd research into the
effects of best- price guarantees upon competition may shed additiond light into how judgesand the antitrust

agencies should properly treat these contracts.

VI.  Appendix
Proposition 1. There exists a Cho-Kreps intuitive equilibrium outcome in which:
p, =P, =P ardm=1fortypeH; p, = p, = p(c,,0,0,0) for typeL, where
p1 (P(c.10,0),P,@)].
Proof:
In aseparating equilibrium, type L does not distort its price, p, = p, = p(c,,0,0,0), or its
choiceof m. The price set by the type H firm must solve the incentive compatibility congraint, equation
(23):

(1+d)P(p(c. ,0,0,0).c. ,0,0,0)=P(p,c. .1,0,0)+ dP (p.c. ,0,0,0). (23)

ThetypeL firmisindifferent between mimicking itstype H counterpart and offering its own full-
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information price and MFCC choice when the type H firm sets its price according to this congtraint.

However, the incentive compdtibility congraint may adso be met if the type H firm offers afirs-
period price that islower than its full-information price. However, thislower priceis
P from equation (9). From Theorem 1, we aready know that the type H firm strictly prefers P to P.
It remains to be shown that the type H firm will prefer p to P .

The type H firm must do at least aswell by charging p, = p, = p and offeringaMFCC in
equilibrium as it would have done by signaling using a higher first period price, P and no MFCC:

P (P,cy,1,0,0)+dP (p(c ,1,0,0),c,,,1,0,0) £ (1+d )P (p.c,,,1,0,0) (A

Equation (A1) may be rewritten asfollows:

(- c.)o(p.)- (P-c, Jo(P.1)s

A2
d(p(c. 10.0)- &, )0(p(cx £00.3- d(p- <, )D(5.1). 42
Using equations (9) and (23), we get the following equdity:

(1+d)P- ¢, )o(F.1)= (p- c.)o(p.1)+d(p- . )D(p.0) (A3)

Subdtitute equation (A3) into equation (A2) to get

(p- . )o(p.2)- (P- ¢, Jp(P.1)+(P- & p(P.1)- (p- ¢ )D(p.1)?
d(p(cy 10,0) - ¢, )D(p(cy 10,0),1)- d(p- ¢, )D(p2) (Ad)
-d(P- ¢, )o(P.y)+d(p- c.)D(p.0)
Equation (A4) may be smplified and rewritten as
e, - e Jo(p)- DF.1]e

[P(b’CH 11’010)' P(ﬁ,CL,O,O,O)] - (A5)

[P (p(cy 1,0,0),¢,.,1,0,0)- P(p(c.,0,0,0),c,,0,0,0)

Condder each term in equation (A5). Theleft-hand sSdeis pogtive—
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%[CH - ¢, [o(p.2)- D(P.1)]>0 ascy>c. and p <P . Both bracketed terms on the right-hand

dde are dso pogtive. Also, the entire right-hand side is positive. Thisis easly seen by rewriting the
right-hand side of (A5) asfollows:

P (p(c..0,0,0),¢,,0,0,0)- P(p.c.,0,0,0)>
P (p(cs 1,0,0).c,,1,0,0)- P(p.c,,10,0)

(A6)
The price p iscloser to type H’sfull-information monopoly price than to type L’ s full-information price,
s0 the profit distortion is greater for type L than for type H.

Letd" be the discount factor such that equation (A5) holdswith equality — that isfor d=d”, the

type H firm isindifferent between charging p, = p, = p with an offer of aMFCC and instead charging
p,= P, p,= p(cy ,1,0,0) withno MFCC offer. For d>d", thetype H firm strictly prefers to offer a
MFCC and charges p, = p, = p.

Thereisno type of informed player that could not benefit from an out- of-equilibrium action
irrepective of uninformed consumers beliefs. Thet is, there exists at least one set of beliefs that
consumers might hold for which either the type L firm or the type H firm would find it profitable make an
out-of-equilibrium move. The Intuitive Criterion of Cho & Kreps (1987) specifies then that consumers
beliefs about the identity of the informed player that takes an out-of-equilibrium action must be
concentrated upon the type L and type H firms. Let consumers (who are uninformed) believe that any

out-of-equilibrium move in period 1 is made by the type L firm with probability one. More formaly,

10 " pi [P.p)
b, =} _ a7
11 othewise.
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The type L firm cannot profitably deviate from its full-information price, p(cL ,0,0, O), inthe
firg-period given uninformed consumers  beliefs. By equations (9) and (23), the type L firm will Srictly
prefer p(cL ,0,0, O) toany p > porany p <P eventhough consumers beliefs are most favorable at
these prices. Similarly, when consumers beliefs are least favorable, the type L firm will grictly prefer

p(c,..0,0,0) toany other p1 [P, p).

The type H firm cannot profitably deviate from offering the price p, = p given uninformed
consumers bdiefsif d3 d”. By equation (A5), p ismore profitablethan P
and therefore, also any price p > P . ThetypeH firm will dso srictly prefer

ptoany pl [E f)), where consumers  beliefs are unfavorable.  Therefore, given consumers beliefs
concerning an out-of-equilibrium action, neither type of firm will deviate from the equilibrium and the

equilibrium satisfies the Intuitive Criterion of Cho & Kreps. QED

Proposition 2: There exists a Cho-Kreps intuitive equilibrium outcome in which:
p,= P.p,= P, (cy LLf ) for typeH,and p,= p,= plc..0,0,0) for typeL, where
p1 (P (.5, @].
Proof:

In aseparating equilibrium, type L does not digtort its price, p,= p,= plc.,0,0,0), or its
choiceof m. The price set by the type H firm must solve the incentive compatibility congraint, equetion
(29):

(1+d)P(p(c.,0,0,0),c.,0,0,0)2 P(p,c..1,0,0)+dP (p(c.,0.1f ).c. ,0.1f ) (29)
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The type L firm isindifferent between mimicking its type H counterpart and offering its own full-
information price and MFCC choice when the type H firm setsiits price according to this congtraint.

However, the incentive compdtibility congraint may adso be met if the type H firm offers afirs-
period price that islower than its full-information price. However, thislower priceis

P from equation (9). From Theorem 1, we aready know that the type H firm drictly prefers
P to P. It remainsto be shown that the type H firm will prefer pto P ..

Thetype H firm must do at least aswell by charging p,= p,p,= p,, (o .L1f )and offering a
MFCC in equilibrium as it would have done by signaling using a higher first period price, P and no
MFCC:

P (P,c4.,10,0) +dP (p(c. ,1,0,0).c,,1,0,0) £ P(p,c,,1,0,0)+dP(p, (cy,LLF),c,, L1 T ) (A8)
Equation (A8) may be rewritten asfollows.

(p- ¢/ )0(p.1)- (P- c,)o(P.2)
d(p(ew 20,0) - ¢,)D(p(ew 1,0,0),2) - d(py(cy, L LF)- ¢, )D(p(cy, 1L F).1) (A9)
+d(p- pn(cy.1L1))D(p.2).

Using equations (9) and (29), we get the following equdity:

(1+d)P - ¢ )p(P.2)=(p- ¢ )D(p.)
+d(pn(c,0.11)- ¢, )D(p,(c . 0,1),0) (A10)
- (- pu(c..0,1,1))D(p,1)

Subdtitute equation (A10) into equation (A9) to get

(p- c.)D(p.1)- (P- ¢ Jp(P.2)+(P- ¢ I(P.1)- (B c,)D(R1)?
d(p(c, L0,0)- ¢, )D(p(cy 10,0),1)- dlp (., L 11)-c, D(pm<cH,11f),1)
+d(p- pn(cy.1L1))D(p,2)- d(P - c )D(P.1)
+dp,, (€4, 1,17 )D(pn(cy,1,1,F),0)- d(p- p,(cy,12))D(p.1)

(A11)
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Recdling thet

P(Pn(Cy 111 )C 111 )=

Al2
(Pm(Cy 11)- ¢y )D(Pu(c, 1L F)2)- (p- Pnlcy,1LF))D(P.D), (A1)

P(pn(c..0.Lf).c,01f )=
(p.(c.,0,1)- ¢, )D(p,(c.,0,17),0)- (p- p,(c..0,1f))D(p1),

(A13)
equation (A11) may be smplified and rewritten as:
(CH -C )l.D(f)’l)' D(ﬁ’l)IE'
d[P(pn(cy . 12f )cy 22 )- P(py (. 0Lf ) e ,0.Lf )]- (A14)
d[P(p(c,,1,0,0).c,;,1.0,0)- P(p(c_,0,0,0),c,,0,0,0)]

Consider each term in equation (A14). The left-hand side is positive—
(c - ¢ )|o(p.1)- D(P,1)| >0—as ¢, >c,_and p<P . Both bracketed terms on the right-hand
gdeareaso postive. Also, the entire right-hand Sdeis pogtive. Thisiseasly seen by rewriting the

right-hand side of (A14) asfollows.

P(p(c.,0,0,0),c.,0,0,0)- P(p,(c ,0,1f).c ,01f )>
P(p(c,,1,0,0),c,,1,0,0)- P(p, (c,.11f ).c,, L1 )

(A15)
The price pm(cH 1,1 f ) is closer to type H' s full-information monopoly price than

p, (c.,0,1,f ) istotypeL’sfull-information price. Also, the penalty paid by the type L firm is greater

than the penalty paid by the type H firm — the type H firm need not lower price as much in period two

asthetype L firm must. Therefore, the profit ditortion is greater for type L than for type H.

Letd”" bethe discount factor such that equation (A14) holds with equality — thet isfor d=d™" ,

the type H firm isindifferent between charging p, = P, p, = p,,(c,,L1,f ) with an offer of aMFCC
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and instead charging p, = P, p, = p(c,,,1,0,0) with no MFCC offer. For d>d"", thetype H firm
strictly prefersto offer aMFCC and charge p, = P, p, = p,, (., LLf ).

Thereis no type of informed player that could not benefit from an out-of-equilibrium action
irrespective of uninformed consumers beliefs. That is, there exigts at least one set of beliefs that
consumers might hold for which either the type L firm or the type H firm would find it profitable make an
out-of-equilibrium move. The Intuitive Criterion of Cho & Kreps (1987) specifies then that consumers
beliefs about the identity of the informed player that takes an out- of-equilibrium action must be
concentrated upon the type L and type H firms. Let consumers (who are uninformed) believe that any
out-of-equilibrium move in period 1 is made by the type L firm with probability one. More formaly,

j0 " pl [P.p)
!

1 otherwise.

b, = (A16)

The type L firm cannot profitably deviate from its full-information price, IO(CL ,0,0, O), inthe
firg-period given uninformed consumers bdiefs. By equations (9) and (29), the type L firm will grictly
prefer p(cL ,0,0, 0) toany p> p orany p<P eventhough consumers beliefs are most favorable at
these prices. Similarly, when consumers bdliefs are least favorable, the type L firm will Srictly prefer

p(c,.0,0,0) toany other p1 [P, p).

The type H firm cannot profitably deviate from offering the price p, = P given uninformed
consumers bdiefsif d3d” " *. By equation (A14), p ismore profitable than
P and therefore, dlso any price p > P . ThetypeH firm will dso srictly prefer

ptoany pl [E f)), where consumers beliefs are unfavorable. Therefore, given consumers beliefs

concerning an out-of-equilibrium action, neither type of firm will deviate from the equilibrium and the
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equilibrium satisfies the Intuitive Criterion of Cho & Kreps. QED
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Figure 1 -- Profits under Linear Demand
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Figure 2 -- Profits under Constant Elasticity Demand Curve
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Figure 3-- Period 2 price as a function of period one price for type L firm

wherep(cy,1,0,0)< B, (b)
P2 = p1

/ P2 = p(ch, 1, 0, 0)
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Figure 4 -- Profit functions under linear demand
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