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Abstract

It iswell known that product differentiation increases both prices and profits, other things
equal. What islesswell understood is how the distribution of consumer preferences affects firms
incentives to differentiate their products. This paper focuses on the incentive of firms to reveal
truthful information about product attributes. Because consumers’ preferencesdiffer, thereveation
of thisinformation differentiatesproducts. Theprofitability of inducingthisdifferentiationisshown
to berelated to three aspects of the information; the size of the“targeted” group (i.e., thegroup who
finds these attributes desirable), the magnitude of the perceived change in attributesinduced by the
information, and whether the information is “symmetric.” In particular, |1 show that the profits
associated with information increase more than proportionately with the size of the targeted group.
This implies that information will tend to be provided for large groups, even if there are no
economies of scale in producing that information. The analysis also shows that in some
circumstances, the revelation of asymmetric information can actually reduce the firm'’s profit.

Theviews expressed here are those of the author done, and do not reflect those of the Federd Trade
Commission, nor any Commissioner. | would like to thank Cindy Alexander, Jeremy Bulow, Dan

Hosken, Chuck Thomas and John Y un for helpful discussions of this paper, and Sara Harkavy for
excellent assistance with its preparation.



I Introduction

Isone better off being part of asmall group, or alarge one? 1n some contexts, there are clear
advantages to being part of a small group. For example, it has been estimated that wages for
individuds in smaller age cohorts earn more when entering the job market than those in larger
cohorts (see, e.g., Welch, 1979). In other circumstances, there are advantages to being part of a
large group. Some cases in which being part of alarge group is advantageous include the outcome
of voting and the purchase of products for which there is significant R&D required to create the
product, such as pharmaceuticals and automobiles. With the graying of the baby boom generation,
itisnot surprising that productssuch asthe prescription hair losstreatment Propeciaand night-vision
windshields for automobiles have reached the market.

In these two examples, the existence of alarge market for a product appears to justify the
high R&D expenses undertaken by the producer. This paper highlights a second, perhaps subtler
advantage to being a member of alarge group. Suppose a producer can develop information that
shows his brand of aproduct workswell for a specific “targeted” subset of the population (e.g., the
effectiveness of his drug for a specific age group), but poorly for another group. Such “matching”
information may not increase hisunit sales, but can be profitable becauseit differentiates hisbrand,
leading to higher prices.!

Previous work, such as Anderson and Renault (4&R, 2000) and Meurer and Stahl (M&S,
1994), has shown that information of thistype canincreaseprices. Becauseinformation reveation

leads to higher prices, which induce atransfer from consumers to producers, information may be

In contrast, Grossman and Shapiro (1984) show that information about the existence and
prices of rival goods results in greater substitutability between products, and lower prices.
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privatdy profitable, but reduce welfare. M&Sfind that firms have an excess incentive to inform
consumers of their product’s characteristics, because firms' profits from providing information
reflect gainsdue to both superior matches between consumersand products, and to thetransfer from
inframarginal consumers caused by the higher prices. A&R find that consumers overinvest in
information about product characteristics because they ignore the transfer from other consumersto
producerscaused by theinformation. Hence, inboth of thesemodels, the private gainto information
exceeds the social gain, and on the margin, too much information is produced.

This paper takes a somewhat different approach by assuming there are groups within the
population (e.g., specific agegroups) with common characteristics, and firmshaveinformation about
the match between those characteristics and the features of ther products. It anayzes the
rel ationship between group size and the price effects of information.? Specifically, it showsthat the
marginal effect of information on priceisincreasingin thetargeted group’ ssize. It followsthat even
if the costs of gathering and revealing the information are proportional to the size of the group, the
profitability of gathering and revealing the information will beincreasing in group size, and hence
information revelation may beprofitableonly for large targeted groups. I nfact, this paper showsthat
the incentive to produce information may beless than socially optimal, especially for small groups.

These results might explain some apparent biasesin drug research. It isoften claimed that
certain smaller groups of patients with a given ailment are underrepresented in clinical trials (e.g.,
female cardiac patients). Of course, one reason that male cardiac patients might receive more

clinical attentionisthat there areeconomies of scalein clinical research (e.g., thesize of thesample

AWhether it is appropriate to think of exogenous groups as existing in the population
depends on the context. For pharmaceuticals, it seems gppropriate to think of exogenoudy-
determined groups (e.g., adult males) with a common “quality” parameter.
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group required for obtaining FDA approval to list an additional indication or patient population for
adrug isindependent of the size of the user population). However, a second reason is suggested
by this analysis; information about the suitability of a drug for male patients has a more-than-
proportionally larger effect on price than information about fema e patients.

Explicitly modeling the role of group size permits analysis of another issue relating to the
profitability of information revelation. An assumption made in the previous literature is that
information is symmetric; that is, when information revelation increases the willingness to pay for
agroup who learn the brand is well-suited to them, there is another group of the same size whose
willingness to pay falls. There are, however, circumstances in which information can have an
asymmetriceffect, whereby the size of the group whosewillingnessto pay increasesisdifferent from
that of the group forwhom it fallsasaresult. For example, supposeclinical trials have reveal ed that
drugs A and B are equally effectivein treating some ailment for the population as awhole. These
clinical trials may conceal important differences in efficacy across groups within the population.
That is, the producer of drug A may know fromitsclinical studiesthat its brand has greater efficacy
for some subpopulation (e.g., cardiac patients who are also diabetics), which | refer to as the
“targeted” group. If the average efficacy of the drug isfixed, this meansthat it is correspondingly
less effective for someor all of the remaining population.® It need not be the casethat the group for
whom drug A’s effectiveness is lower than average is the same size as the targeted group. For
example, it could bethat the subpopulation for whom thedrug ismore effectivethanitsoverall mean

represents 20% of the population, while the drug is less effective than average for the entire

3In section V, | discuss the alternative interpretation that the information about the
efficacy of drug for one group has no effect on the expected efficacy by patients in other groups.
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remaining 80%.

Whether the information changes the perceived attributes of the product in a symmetric or
asymmetric way has an impact on the price effects of the information, and consequently, on the
profitability of releasing the information. In particular, information that increases a small group’s
willingnessto pay for aproduct and simultaneously reducesit for alarge group (holdingtheaverage
willingnessfixed) can lower the equilibrium profit from selling that product. Thereasonisthat the
firm’ stotal sales decline because the increased salesfrom alarge increase in willingnessto pay for
asmall group islessthan salesloss fromasmall decrease in it for alarge group. In contrast, if the
group for which willingness to pay falls is the same size (or smaller) than the group for which it

rises, the firm’s profits will rise.

I1. The effect of information on prices

In evaluating the effect of information on pricesand output, and the consequent incentiveto
disseminateinformation about product characteristics, | consider asimple duopoly model, along the
lines developed by A&R and M&S. Asin those models, information is truthful, and known to be
truthful by al consumers. Consumers buy at most one unit of a product, two differentiated brands
of which are available from two competing sdlers. As in the previous work, | normalize the
production costs to zero, although it is costly to inform consumers of each brand’ s characteristics.

| depart from this prior work by treating consumers as heterogeneous in two respects; one
aspect that is observable to the sellers, which | refer to as the consumer’ s group (e.g., female and
over 65 years of age), and one aspect that isidiosyncratic and unobservable. Specifically, in each

of theK groups, all consumersin that group haveacommon parameter representing their valuation



of brandi (i = A, B) relativeto an outside option, and in addition, each consumer hasanidiosyncratic
valuation for each product. Hence, for consumer j in groupk, theutility from brand i relativeto the
outside option (and hence, j's reservation value) isU, = o - P, + ¢, where o; “ is the value of

sysematic component of brand i’s “qudity” to all consumersin group k, and €;; IS consumer j’s

i
idiosyncratic valuation of brandi. | assumethat ¢; isl.I.D. for the two brands for any group, and
¢; isdistributed identically for all groups, with support (O, e) for both brands. For concreteness, one
can think of «, * as the average success rate of drug i in treating an ailment for patientsin group k,
multiplied by each consumer’ svalue of asuccessful treatment, ande;; asconsumer j’ s(unobservable)
idiosyncratic valuation of the drug.* Quality is unambiguously defined for each consumer (in that
utility isincreasing in «;, all else equal), but the valuation of the brand varies across consumers
within each group (in this sense, brands are horizontally differentiated). Consumer j (who is a
member of group k) prefersbrand A to brand B if «,- P, + €, > a5 - Py + €. Thiscondition can
usefully be written R = ¢, - €5, > g - 0+ P, - P;. The absence of superscripts on P, and P,
reflects the assumption that firms cannot price discriminate, but instead charge the same pricetoall

groups. Firm A’s share of sales to

roupk is e
Jrop Sf= [ 4R

Kk k
op-0,+Py-Pp

*In the drug example, product corresponds to a class of drugs (e.g., H, antagonists for
ulcers) and brand corresponds to a specific chemical (e.g., Tagamet or Zantac). Note that
specific differences in the relative efficacy of drugs within a class for different individuals can
sometimes be dramatic. For example, while the two |eading anti-herpetics are roughly equally
effective for most patients, only oneis approved for use inimmuno-compromised (eg., HIV
positive) individuals. One example of ¢; isconsumer j’s valuation of the side effects of drugi.
In this case, the support of e; might be most appropriately thought as (- e, 0). However, the
analysisin the paper can be generalized to negative ¢; with appropriate reinterpretation of the

k
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aslong as|ag - a,* + P,- Py <e If thisinequality does not hold for some k, we refer to ¥ as a
drastic difference in quaity.® If the quality difference is drastic for some k, then S, = 0 or 1,
depending on the sign of «g*- «,* for any particular k. Information will tend to be drastic when
consumer heterogeneity within groupsis smdl relative to differences across groups. Normalizing

the number of consumersto 1, the aggregate demand for A’ s product is S,* summed across groups,

0, k; we S ()

where w, is the percentage of the population in group k. The assumptions regarding e; imply that
for every group, R has support (-e, €). | also assumethat R is symmetrically distributed around O,
withf(e) =f(-e) =0, and f’ (R) < 0for R> 0, f'(R) >0for R<0, f'(0) = 0 (i.e., F(R) is unimodal).®

AsinA&R and M& S, | assumethetwo brandsare on average, equally attractive. Here, this
meansthat T w,a,“= T w,a;*= &. Returning to the drug example, & can be interpreted as the
monetary value of a successful treatment multiplied by the average efficacy of the two drugsin
curing patients with some ailment for the population as a whole. In the absence of information,
consumersin all groups view & as the appropriate estimate of thisvalue (that is, o, * = & for al k, i
= A, B). Firmsmay havetheability to change these estimates of «,* for some groups. In thedrug
example, firms may have information from clinical trialsthat allows them to better match patients

todrugs. For example, themanufacturer of drug A may know that it hasahigher successrate anong

*This use of the term drastic parallds the usein the R&D literature (seg, e.g., Reinganum,
1988). Inthe R&D literature, drastic refers to a cost reduction due to innovation that is
sufficiently large that the old technology is not a binding constraint on the seller of the
innovation. Analogously, here drastic refers to information that leads to the rival brand no longer
serving as a constraint when selling to the targeted group.

The condition that f(€) = f(-€) = 0 implies that demand is continuously differentiable.
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women than among men.  In terms of the model, information consists of aset of «,* that can differ
across groups, even though there is still heterogeneity within groups. In contrast, in boththe A&R
and M&S models, U, = ¢; - P, and & isthe expected value of ¢;.” In these models, information
consistsof consumerslearning their €;;, and consequently learning which brand better suitsthem. As
in the previous work, here information about the o, has effects on prices. Because demand is
continuously differentiable, we can takethe derivative of Q, with respecttoP, whichis-Z w, f(«;
-a,t+ P, -Pg) <0 (notetha f() iszeroif theinformation is drastic for some group), so that firm

A’ sfirg-order condition with respect toitspriceis
k k k
k k
and B’ sfirst-order condition is

k k
£, S5~ Py W, APy~ P+ oy ) =0 (3

These conditions imply that the slopes of the two firms’ best response functions are

Kk ko k
P (Pp) %wkf(PA_PB+aB_°('A)+PA %ka/(PA_PBJ’“B_“A)

)
Py 25w, P~ Py oy- o)+ P, W, fI(P,- Py+ oy o)

Kk Kk
oP, (P,) %wkﬂPB_PA’L“A_“B)J’PB %ka/(PB_PA-'-aA_aB)

&)
k& £k
daP, 2%wkf(PB—PA+ 0y - 0p)+ Py %wkf’(PB—PA+ 00y~ Op)

Because the average quality, &, is assumed fixed, the information that «," > & implies that

a,* < & for one or more other groups.® For any given «,," > &, there are multiple ways that the other

INnM&S, ¢; =V for one product, and zero for the other, whilethee; arel.1.D. in the
A&R model.

8In section V, | consider a different interpretation of informati on, where the average
efficacy changes with the information. Specifically, section V considers what happens if «,*
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o, can change so that the average quality remains &. As shown below, how the other «,* change
with the information about .," will affect the resultant price effect of any given «," > &. Inthis
section, | consider “symmetric” changesin the «,*. The following section analyzes“asymmetric”

changes.

Definition: A distribution of the «,* is symmetric if whenever «," > & for some group of size w,

then there is some other group of sizew,, =w, for which «," islessthan & by the same amount.

Animplication of asymmetric distribution of thea,isthat «," + «," = 28. For example,
if group L consists of individuas under 20 years of age (who comprise 30% of the relevant
population) and has «,“ > &, then the distribution of the ., will be symmetricif thegroup for which
o, < & also represents 30% of the population, but will be asymmetric if the group for which o,
<& includes all individuals 20 and over.

Wheninformationissymmetric, apurestrategy symmetric equilibriumin pricescan emerge.
Specifically, letting P°= P,5=P;S, if

w0y~ G- <PS2  (6)
then, as shown below, there exists a pure strategy symmetric pricing equilibrium. In words,
inequality (6) says that the maximum profit firm A can earn by selling to group L only islessthan
its profits at the symmetric equilibrium. Rewriting (6) as
al -8 - e<(l-w)P°/2w) (6),
two observations following directly

Observation 1: The |eft-hand side of (6') is < 0 for non-drastic «,", and > 0 for drastic «,". Hence

remains equal to & for other groups, while a.,* > &.
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for any positive P5, (6) holds for all non-drastic «,", and some drastic «,".
Observation 2: If oP%de," < (1-w,)/(2 w,), then (6) will fail to hold for «," sufficiently large.
Inwhat follows, | focuson the purestrategy equilibrium that emergeswhen (6) holds. Note

that when (6) does not hold, then the only equilibriafeature mixed strategies.

Proposition 1. Holding «* = & for all k, an equilibrium exists with P, = P, for symmetric
distributions of the a,* if condition (6) holds
Proof: Let o' > & and a,°< & such that & - «,?= «,*- & and w, =w,. First suppose «,*isnot drastic.

Thisimpliesthat at P, = Py,

1-2 w, ¢ ¢
Q= ——5—+w | 4B dR+ w, | dfiR) dR

1 1
bp- oy oy bp

which isequal toYz by virtue of the symmetry of f(R). Similarly Qg =%z Substituting into (2) and

(3) yields

PAS: 1 11 %)
and 20w, = o)+ wy Ay &p)+ (1-2 wA0)]

PBS 1 ®)

2w, foy= G)+ w, fby— o)+ (1- 2 wAO)]
Because of the symmetry of F(R), f(&g - «,") =f(x,* - &5) and sincew, = w,, both first-order

conditions are met at the price which solves equation (7) (or equivaently, (8)).
If the information is drastic, the demand facing retailer A isQ, = w, + (1-w,-w,) S, (as
long as P, < a,'-& - e+ Pg) whileB’'sdemand isQg = w, + (1-w, - W,) S, (assuming Py <- o'+

& -e+ P,). Sincew, = w,, solving equations (2) and (3) yields



s_ps 1

Pt i ey @

Notethat P, <« -8 -e+ P, and P,< & - 0,' - e+ P,, a P,5=P.5. Inaddition, aslong asw, (a,*
-6 - €) < P52, firm A’s profits at P,® exceed the profits that he could earn by selling to group 1
only. Hence, as long as condition (6) is satisfied, P° = 1/[2* (1-2 w;,) f(0)] maximizes each firm's
profits.

Finaly, because w, f'(R) =- w, f'(-R) and f’'(R) = O for al other groups, whether the
information is drastic or non-drastic, the best response functions have sopes of %2 at P°, and P,° =
P,° represents an equilibrium. g

This lemma establishes the existence of a symmetric pricing equilibrium for symmetric
distributions of the a,*s for which condition (6) holds. The prices in these symmetric equilibria
depend on two parameters; «," - &, and w,, and it useful to write the prices as function of those
parameters; i.e., P,S(a,', w,). Figure 1 portrays for relationship between P, («,*, w;) and e, for
o' - & <7. Ascan be seen there, prices are lowest in the absence of information. In the absence
of information, «,“ = & for all groups and equations (7) and (8) imply that P,® = 1/(2 f(0)). Since
f(a,'- ) islessthanf(0), thismeansthat the pricesare higher than 1/(2 f(0)) whenever thereis non-
drasticinformation. Equations(7) - (8) imply that the symmetric equilibrium priceisincreasing in
,' for non-drastic «,*. Comparing equations (7) and (8) with equation (9), we see that in the limit
as o, - & approaches e (the information approaches being drastic), the prices determined by
equations (7) and (8) approach the price in equation (9). Finaly, while equation (9) implies that
prices are higher than 1/(2 f(0)) whenever thereisdrastic information, it also impliesthat oP° /oa,*

=0; oncetheinformationisdrastic. Returning to Observations (1) and (2), thislast fact impliesthat
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equation (6) will be satisfied for some drastic «,*, but it may be profitable for firm A to deviateif
o, isdrastic and sufficiently large.

One way of thinking about the effect of symmetric targeted information is that an increase
in the perceived value of abrand for one group (accompanied by lower value for an identical-sized
group) reducesthe impact of ahigher price on unit sales (becausethe density functionislower when
evaluated at higher values of |a,* - ag*|), without changing the level of sdes. Such a change
increasesthe profit-maximizing price and therevenuesof thefirm revealing theinformation. Inthe
following section, | show that asymmetric changesinthe,,* can have adifferent effect because they
can influence both the responsiveness of customersto price changesand total sales. For thisreason,
the revelation of information about the o, can have ambiguous effects on A’ s price and revenues.

One other observation follows directly from equations (7) - (9); pricesareincreasing in w;.
Hence, whilefirm A’smarket shareiszin all symmetric equilibria, its profits (gross of the cost of
informing consumers) areincreasing inthetargeted group’ ssize. Infact, evenif itiscostly to gather
and disseminate the information and those costs are proportional to group size, the profits from

informing consumers about agiven «,* areincreasingin thetargeted group’ ssize, as shown below.?

Proposition 2: Assume condition (6) holds and suppose the costs of gathering and disseminating
information are proportional to the size of thegroup - i.e., information costsarey w, (wherey > 0).

If it is profitable to inform a group of size W, about a particular «;,* > &, then

*Information costs are here modeled as if firm A knew «,* and was calculating the
profitability of publicizing that information. A more realigic interpretation (which is analytically
similar) isthat information costs include the manufacturer’ s cost of conducting the R&D to
determine o;,* (multiplied by the probability he finds «,* > &) plus the costs of publicizing that
information.
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1. it will be profitable to inform a group of sizew, e (W,, ¥2.) (i.e, alarger group) about that «,".
2. it may be unprofitable to inform a group of sizew, € (O,w,).

Proof: Suppose thereis somew, e (0, %2) such that for «,*!, Q, P, (axt, W,) - Q, P.3(R) - y W,/2 =
8/2 > O; that is, at W,, releasing theinformation about «,* increases revenues by 6/2 more than it
doescosts. | wishto demonstrate that for any larger group, oW, (whered > 1, 8 W, <%5), releasing
theinformationisstrictly profitable, whilerdeasing theinformation will be unprofitablefor agroup
smaller thanw;, for 6 sufficiently small. For agroup other thanw, in size, thechangein profitsfrom
releasing the informationis Q, P,°(x,',8 W,) - Q, P,3(&) - &y W,/2 whichisequal to Q, P, (",
dW,) - Q, P,3(®) - 8] Q, Pu3(ax' W,) - Q4 P,5(8) - 6/2]. To evaduatethesign of thisexpression, first
consider the case of drastic information. |f condition (6) holds, and the information isdrastic, then
Qa =¥, and Q, P,® (a0 Wy) - Qu P (&) - 8[Qa Pa® (s Wy) - Qu PA%(8) - 6/2] equals

1 1 1 o) o ., 06
2 ]+ =

2" 1= 28w 0) A0) (1-2 w)A0) A0 2

S S D S N S AL 1 [1—6[ _ 6?1]+(6—1)(1—26w1)]+66
40) 1- 26w, (1-2w,) 2 4(1- 26w 0) 1- 2, 2
g2
(6- 1)4w,0 @ (10)

= +
4R0)(1- 26w )(1-2w,)) 2
since 26 W,< 1, thisispositivefor § > 1. Hence, releasing the information is strictly profitable for

al w, e (W, %2). Conversely, expression (10) will be negative for 6 < 1 and 6 sufficiently small.

Finally, when «,* is not drastic, the analogue of expression (10) is
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K®- DAWO[A0) + (la- ay+ P - P, - 2f8- ay+ P~ Pp)]+ ? (10")
Wifla- ay+ P~ P,)
[28W, fla- ay+ P,- Po)+ (1- 28w A0)[2%, fla- o+ P - Pp)+ (1- 2w )A0)]

where k = >0

Sincef(0) + f(a,'- & + P, - Py)+-2f(w,'- &+ P, - Pg) >0, thisimpliesthat, aswas the case for
drastic information, (10') is positive for & > 1, and negative for 6 < 1 and 0 sufficiently small. g

The implication of this result is that firms will have (weakly) less incentive to gather
information which benefits small groups, even if the cost of generating and disseminating that
information is proportiona to the size of the group, and the average reservation value of the
members of all groups are the same.

Whether the per-individual costs of informing a group of consumers are increasing or
decreasing in group size depends on the specific context. For prescription drugs, information costs
are likely to increase less than proportionally with group size in most cases. For example, to
establish efficacy for agroup, the FDA requirestests whose sampl e sizes are independent of the size
of the group. In addition, to the extent that informing physicians is the easiest way to disseminate
the information, economies of scale seem likely, since the number of relevant physicians may be
independent of group size™® Thisis consistent with the frequently-expressed concern that certain

smaller groups (e.g., female cardiac paients) are underrepresented in dinical studies.™

[11. The Effects of Asymmetric Information

°For some drugs, there may be some specialization between physicians and patients (i.e.,
pediatricians), so that it may befairly inexpensive to target the relevant group.

"Perhaps in recognition of this effect, the FDA offers incentives for drug companies  to
perform clinical studies on children (who often represent a small share of patients).
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Holding the average quality of abrand of aproduct fixed, information that reveal sa superior
match between that brand and consumers in a specific group necessarily reduces the suitability of
that brand for some or all of theremaining populaion. In some circumstances, it is plausiblethat,
contrary to the assumption of symmetry made in the previous section, this reduction in suitability
occurs for a different-sized group than the group that experiences increased suitability.** As
discussed in an earlier example, information that adrug is particularly suitable to patients under 20
years old could be interpreted as information that it is less suitable for all patients 20 and over.

Thissection explorestheimplications of such asymmetric information on pricesand profits.
| assume that the information has a positive effect on the suitability of a brand of a product for a
targeted group representing less than one-half the population. | further assume that the cost of
informing this group are the same whether the information is symmetric or asymmetric. Finaly, |
assumethat the information has anegative effect on the remaining popul ation that isuniform across
all non-targeted groups.®® That is, firm A’sinformationisthat o, is greater than & and «,* = (& -
w;, a,0)/(1-w,) < & for all non-targeted groups, with w, < % and «,* non-drastic (although «,* may
be drastic). Not surprisingly, such information increases sales to the targeted group, and reduces

salesto the other groups. As Proposition 3 shows, the second effect dominates and totd salesfal.

12 A third possibility, which is discussed in section V, isthat anincreasein o' has no
effect on the other «,*, in which case the information increases average quality.

130f course, information could also be asymmetric if the group whose ., fell comprises
less than al of the remaining population. If the group whose o, fallsis actually smaller than the
group for whom it rises, the analysisis similar, except that the effects on the two firms are
reversed. That is, similar analysisto Proposition 3 shows that firm A’s sales increase from
revealing the information.
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Proposition 3: Suppose a,* > &, and ., = (&, - W, a,')/(1-w,), withw, <% Then, evaluated at P,
=P, A'ssdesaredecreasingin o,'.
Proof: For o.,* non-drastic, evduated a P, = Py, 0Q,/0a,'= W, [f(&g - o) - F((wy (s’ - &)/ (1-w,)],
sincea,*= &, -w, a,*/(1-w,) for k > 1. Thisisnegativeforw, <%, sincef(R) evauated a w, (e,
&:)/(1-w,) is greater than f(R) evduated a «,' - «z'. For a,'drastic, 0Q, /da,' = w,[- f(w,(x,*-
8:)/(1-W,) + P, - Ps] <O

That is, information that «,' is greater than & that is asymmetric lowers A’s sales, other
things equal. Of course, to determine the effect of the information on A’s profits, one has to
determine the effect on A’s price. Making this determination requires additional structure in the
model.** Specifically, | assumethat the¢; are distributed uniformly with support (0,1). Thisimplies
F is symmetric with support (-1,1), and f(R) =1+ Rfor R<0,and f(R) =1 - Rfor R> 0.

Under this assumption, the symmetric equilibrium prices with no targeted information are
P2 (&) = P (&) = L/[2(f(0)] = ¥, so that each firm’s profits are /4. If firm A releases non-drastic
asymmetric information that the «,* for the targeted group is greater than &, with «,* = (& - w;

,)/(1-w,) for al other groups, the demand facing the two firmsis

1, (1-2w)(P,~ Py’ w,(0y - 8)*Qw, - 1)

= — +(1- 1_ - +

Qs = 3 3 (1-2wy(oy- &)(Pp- P 2w 11
1 (-2w)Ppm Py P W 8Pw, - 1)

Op = 3 3 (1= 2wy (o~ )P, Pp) 2w (12)

Given this distribution of R, one can aso calculate the demand facing firm A if the

“Holding az“= @& foral k, aP*;(P,)/0a,'>0if w, isless¥.. That is, the information
shifts out B’ s best response function. However, the effect on P*,(Pg) is ambiguous, so that the
effect of information on pricesis ambiguous. In fact, as Figure 5 below demonstrates, it is
possible that information can lower P,.
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information is symmetric and non-drastic. It differsfrom (11) only by one term; theterminvolving
(x,! - &) isabsent inthe symmetric case. Sincethat termis negative (becausew, <¥%), thismeans
that, other things equal, Q, is lower in the asymmetric case (consistent with Propasition 2).
However, since 0Q,/0P, isthe samein the two cases, we have

Lemmal: For any given non-drastic «,* > &, firm A’ s profit-maximizing price will be higher if the
information is symmetric than asymmetric, when ¢;; is uniform on (0,1).

Proof: Firm A’sfirst-order condition with respect to its price in the asymmetric case equds

— - 2 1_ 0L) -
4 ZWI)EPA PV 12w e )P, P )+ Wl(aAz(fzfvzv;l 2P 2P, P (12w, (eh- )] (13)
1

Evaluated at P, = P,5(x,", W,), Py = Pg°(ax", Wy), thisequals

1, wi(a,- &°CQw,-1) L ,
0= =) P[1-2w (- &)] (13)

andsince P,5= 1/(2(1- 2w, (a," - &)), thisequals w,(e," - &)* (2w, -1)/(2(1-w,)) which is negative.
It follows that evaluated at P, = Py° (', W,), firm A’s profit-maximizing price is lower in the
asymmetric case. m

Similarly, theexpressionfor Q; inthe symmetric, non-drastic casediffersfrom equation (12)
by the last term only. In equation (12), thelast termis positive, which implies that the Q; will be
higher in the asymmetric case. As was the case for firm A, the slope of firm B’s demand curve

does not change between the two cases. Hence,

Lemma2: For any givennon-drastic ;,* > o5*, firm B’ s profit-maximizing pricewill be lower if the

information is symmetric than asymmetric when ¢;; is uniform on (0,1).
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Proof: Follows same logic as Lemma 1.mm

The intuition behind these lemmas is that compared to the symmetric case, asymmetric
information increases B’ ssales and decreases A’ s sales, without changing the slope of either firm’'s
demand curve. Hence, for firm A, the number of marginal customersis the same whether agiven
o, IS symmetric or asymmetric, but the number of inframarginal consumers is lower in the
asymmetric case, leading firm A to charge alower price (and conversely for firmB). Hence, while
theassumptionthat ¢;; isuniformon (0,1) does not allow oneto cal culate equilibrium prices, it does
allow one to determine how the best-response functions differ between symmetric and asymmetric

cases. Thisinturnimplies

Proposition 4: Compared to the symmetric equilibrium, P, will be lower and P; will be higher with
asymmetric information for «,* non-drastic, when ¢; is uniform on (0,1).
Proof: Compared to the symmetric equilibrium, A’s best-response function is lower and B's is
higher by equal amounts in the asymmetric equilibrium. This implies an increase in P; and a
decrease in P,, since both best-response functions have slopes between O and 1. g

Figures 2 and 3 shows how A’s price and profits vary with the two parameters in the
symmetric and asymmetric non-drastic cases. These resultsillustrate Proposition 4 - both A’ sprices
and profitsare higher in the symmetric case. Figure 2 showsthe pricesin thetwo casesasfunctions
of w, for a,' - & =.5. Figure 3 indicates that, at this value of ," - &, profitsin both cases are
increasinginw, and that A’ s profits are higher in the symmetric equlibrium. Although not depicted
there, B’ s prices and profits are higher in the asymmetric case. Figure 4 shows the effect of higher

«,'- & on prices and profits (for w, = .25).
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Unfortunatdy, therelationship between the asymmetric and symmetric reaction curvesinthe
drastic case depends on the val ues of thetwo parameters. For example, whenea,'- & =1, pricesand
profits are higher for both firms in the symmetric equilibrium than in the asymmetric one for dl
valuesof w,. Infact, for certain values of w,, firm A’s profitswith drastic asymmetric information
can actually belower than in theinitial, “no information” equilibrium. The reason is that drastic
asymmetric information increases a small group’s vaduation of brand A by alarge amount, while
reducing alarge group’ s vaue of it by a small amount. Since the density function is lower when
evaluated at higher values of |a,* - «5"|, large changesin information have proportionately smaller
effects on sales than small changes.™ Hence, firm A’s sales fall, and even though its (absolute)
demand elasticity fallsaswdl, the net effect on A’ s profits could be negative. Figure 5 showsthe
relationship between o' - & and firm A’s prices and profits for w, = .1. Note that in both the
asymmetric and symmetric equilibria, both prices and profitsareincreasingin «,* for «," - & non-
drastic(i.e., lessthan 1). However, for a,* - & > 1, A’ sprofitsin the asymmetric case are decreasing
ina,', and eventually firm A’s profits are below those in the no information equilibrium.

The direct implication of thisanalysisisthat firm A may not have an incentive to disclose
targeted information, even if the generation and dissemination of that information iscostless. This
contragts with symmetric targeted information, which always increases revenue. While targeted
information can be both socidly and privately productive, previous literature has shown that the
incentiveto gather and disseminate thisinformation may be excessivefromasocial perspective. The

next section reexamines this result for asymmetric information.

20Of course, if the targeted group is sufficiently large, and the change induced by the
information is sufficiently large, condition (6) is no longer satisfied, and firm A increases its
profits by reveding the information, and then selling to group 1 only.
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V. Wdfare Analysis

Revel ation of matching information of thetypediscussedin sectionslil and 11l yieldsa socia
benefit. The benefit results from consumers making more appropriate choices between brands.
However, the information may be costly for firm A to generate and disseminate, and hence the
welfare effect of theinformation islesscdear. In thissection, | consider whether the socid gain to
the information necessarily exceeds its costs.

The reason that information may be privately optimal, while reducing welfare is that the
benefit to the firm of releasing the information comes about through itsimpact on prices. Because
price increases induce transfers from consumers to producers, private profitability does not insure
socid dedrability.

In fact, both A&R and M&S find that there is an excess incentive to provide matching
information. In the A&R model, consumers can, in lieu of actually searching, spend money to
acquireinformation about which brand best matchestheir tastes. Alternatively, they cansearch(e.g.,
visit retailers), in which case they observe both brand characteristics and prices. A& R show that
equilibrium prices are decreasing in the percentage of consumers who choose to visit retalers,
because search increases price competition between rivd sellers. Because the marginal consumer
ignores the impact his decison to avoid search has on prices (and therefore ignores the resultant
transfer) there is excessinformation gathering. In M& S, firms can inform consumers of the match
between the consumer and the two brands, at a cost which isincreasing in the number of informed
consumers. Again, for the marginal consumer thefirms choose to inform, the social benefit of the

improved matching is less than the marginal cost of informing that consumer (because the firm
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receives transfers from inframarginal consumers).

The representation of information in the model presented here is somewhat different from
representations in the previous literature. This paper follows M& S in assuming that firms, rather
than individual consumers, make the decisions as to whether to acquire information (in contrast to
A&R). Hence, the assumption here is that consumers cannot take any action to improve ther
estimates of «,*. Oneimportant feature (especialy for welfare) of the analysisfrom sections |1 and
[l that differs from the earlier work isthat the size of the informed group is assumed exogenous in
this paper, and therefore cannot on the margin be affected by the firm’'s actions. Hence, in this
model, the existence of thetransfer does not necessarily imply excess production of information.

A useful way of examining the divergence between social and private values of information
isto consider the external effect of information. The changein welfare from theinformationisAW
= AIl, + ATl + ACS, where AIL isthe changein firmi’ sprofit, and A CSin the change in consumer
surplus. If the external effect of the information, AII; + A CS, is positive, then information that is
profitable for A to gather and disseminate i s necessarily welfare enhancing. Hence, if AIl; + ACS
is positive, then we can say that A has too little incentive to gather and disseminate information.
Conversely, if AIl; + A CSis negative, then A hastoo much incentive. The following example

indicatesthat, eveninthe symmetric case, there can betoo little, or too much information generated.

Examplel: Asinsectionlll, letf(R)=1+ Rfor R<0and 1 - Rfor R > 0, where the support of F(R)
is(-1,1). Consider symmetric drastic information such that all consumers are served. Because the

information is symmetric, «,” - & isalso drastic, and the external welfare effect can be written
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Change in Consumer Surplus Changein Firm B’ s Profits

Group 1 (e, - & +R) (1+R))dR - AP | -1/4

=5, -&-1)+ 13- AP
Group 2 S, -&-1)+1/3-AP 1/4 + AP
Other Groups -AP AP/2

Summed over all groups, the external changein welfareis 2w, [(a,* - & - 1)/2+ 1/3] - AP/2.

If a,' - & =1, then AP = w,/(1-2 w,), and the external change is simply 2 w,/3 - w,/(2(1-2 w,)).

Thisis positivefor small w, (lessthan .125), and negative for largew, (>.125). Finally, sincethis

expression is increasing in «,' - &, it follows that information which changes expectations
dramatically is most likely to be underproduced.g

Thisexample showsthat, evenin thesymmetriccase, firm A may havetoo little, or too much
incentive to gather and disseminateinformation. |f indeed theincentive to gather and disseminate
informationisexcessive, it meansthat theinformation may in total have negativesocial value, which
isastronger result than in A&R and M& S (where production of information is only excessive on
the margin).

One additional aspect of group sizeisworth noting. Information inducesatransfer not only
from consumers to producers, but dso between consumers. Those consumers fortunate enough to
be members of agroup for whom «,* changes may become better matched to brands by virtue of the
information, and experience increases in their welfare. In contrast, any consumer in a group with
no informational changewill be harmed by theinformation, dueto ahigher price. Sinceinformation

about largegroupsismorelikely to be profitablefor firmsto gather and disseminate (see Proposition
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2), small groups are more likely to be adversely affected by information.

Finally, | consider thewelfareeffectsof asymmetricinformation. Becausethereisno closed-
form solution for prices in the asymmetric case, determining the external welfare effect of
asymmetric information is more difficult than for symmetric information. Nevertheless, some
observations can be made. First, asshownin section I1l, for non-drastic information A’ spricerises
less for any «,* when the information is asymmetric, rather than symmetric. Consequently, the
transfer associated with any non-drastic «,* is smaller, so that the external effect is larger in the
asymmetric case (i.e., positive for a larger set of values for «,* and w,). In the dragtic case,
comparisons are more difficult. However, as Figure 5 demonstrates, some drastic information may
actually reduce revenue, so that even if the cost of generating and disseminating it were zero, it
would not be produced. In that case, there clearly istoo little incentive for information generation.
In general, it would appear that underproduction would be more of an issue for asymmetric

information than for symmetric information. The following example helpsillustrate this point.

Example 2 - Consider the specifications from Example 1, except here suppose the information is

asymmetric. The external welfare effect of the asymmetric information is

Change in Consumer Surplus Change inII,
Group 0 . -1/4
[ | (o,— &+ R)(1+ R)dR]- AP
1 -1
aw-6-1 1
= —A + — = APA
2 3
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To compare this expression to the symmetric case, suppose a,* - & = Land w, =.25. Then, o, - &

1

1
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1
3
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1 1
+ 5)+ .5(§+ P,-Pg,-

-1/3 for all other groups, and P, =.819, P, =.92. Inthat case, the external wefare effect is

1
(§+ PA_PB)2

2

=-.236/4 + 3(.191)/4 = .336. Sincetheexternal effect was negative for these parameter valuesin

the symmetric case, this suggests that asymmetric information is more likely to have positive

external effects than symmetric information.

V. Discussion

The analysisin sections |1 and Il assumes that the average quality of a brand is unaffected

by the release of the targeted information. Hence, the news that a brand is particularly suited to a

specific group is assumed to mean that it is less suitable for other groups. This interpretation is

consistent withtheanalysisin A& R and M& S, and seems appropriate in some cases. For example,

for pharmaceuticals, a drug’s success rate in the overall population is established in the initia
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clinical trials, sothat arational consumer should interpret an increase in the successrate of the drug
for agroup to which she does not belong as adecrease in the likelihood the drug will work for her.

An dternative interpretation of targeted information is the news that a product is more
appropriate for the targeted group has no effect on the perceived value of that product to the
remaining population. In this case, the targeted information has two effects on consumers. It
increases the average quality of the product, while simultaneously increasing the extent of
differencesacrossgroupsinthe market. Thislatter effect wasdealt withinsectionsl!l and I11, while
the effects of increasesin one firm’'s quality are well-established (see, e.g., Tirole, 1988 at 296/7).
Hence, the implications of this alternative interpretation of targeted information on prices and
outputs can be readily discerned using the intuition from these other models.

In particular, the effects on prices of firm A’s targeted information depend on whether the
information is drastic. Drastic information shifts A’s reaction curve out, while it leaves B’s
unchanged (its first-order condition is simply multiplied by (1-w), leaving its optima price
unaffected). Hence, drasticinformation leadsto higher pricesfor both firms. In contrast, non-drastic
information leaves the demand for brand B from non-targeted groups unchanged, while reducing
thetargeted group’ sdemand for it. Hence, non-drasticinformation shiftsB’ sreaction curvein, while
shifting A’s out, so that the net effect on both prices is ambiguous. However, under the F(R)
analyzed in sections Il and IV, thisinformation causes B’ s priceto fall while A’ srises.

Whilethe model assumes that consumers know their own e;;,

| do not model how they learn
their ¢;'s. The model most readily lends itself to products which are “search” rather than
“experience’ goods, as the modd is not dynamic. Vaccines would constitute an ideal example of

such aproduct. Inthiscasg, anindividual’se; could be based on the side effect profile detalled in
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the (FDA-mandated) product inserts, e.g. the disutility aconsumer placeson nausea. If thegood is
an “experience” good, then ¢;; could represent past experience with the brand. For example, thee;
could reflect a patient’s previous history with antibiotics for sinus infections When a large
percentage of patients have a significant history with the category of products, it islikely that the
variationinindividual tastes within agroup would be large compared to differences across groups,

so that e would be large compared to a,," - & (i.e., information will tend to be non-drastic).

V1. Conclusion

This paper explored the consequences of increasing the accuracy of information about
product characteristics. Specifically, revealing information about the suitability of a brand for
specific groups within the popul ation induces better matching of consumers to brands. However,
because better matching may induce price increases, the information may not improve either
consumer or social welfare.

The goal of this paper was to examine how three features of the information can influence
the price and welfare consequences of its release. Of particular interest | find that the size of the
group to which the information pertainsisan important determinant of its price effect. Holding the
information content of the message fixed (how much it changes expectations), the price effect of the
information increases more than proportionately with the size of thegroup. Hence, information that
pertains to alarge group is most likely to be profitable to disseminate. This provides two related
reasons why it is disadvantageous to be a member of asmall group. First, information relevant to
the small groupislesslikey to be profitableto the seller. Second, information which has no effect

on a specific group’ s expectations about the brands typically makes members of that group worse
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off. Since information is less likely to be produced for small groups, this implies that the
information that does get produced will tend to harm members of smal groups.

A second relevant aspect of informationiswhether itissymmetric. Asymmetricinformation
generally leadsto smaller priceeffectsthan symmetricinformation. Infact, asymmetricinformation
may actually lower prices and revenues relative to the no information equilibrium, whereas
symmetric information always raises prices and revenues. Thisimplies that firms may choose not
to differentiate themselves, contrary to what is sometimes called (e.g., Tirole, 1988 at 267)) the
“Principle of Maximum Differentiation.” Finally, the information content of a message is an
important determinant of its welfare consequences. Even though prices are non-decreasing in the
information content of the message, thewelfare effectsareincreasing in theinformation content over
some range.

While this paper focuses on differentiation through information revelation, the results can
also apply to changes in objective characteristics. For example, suppose there are two important
features of a bicycle component; durability and weight, and different groups within the population
value these features differently (recreational riders vs. commuters vs. racers). Consider the
combination of durability and weight at which the utility of the median user in the population is
maximized, subject to the production function. Suppose that firm A’s rival has chosen this
combination of durability and weight, and that firm A can (at some cost) produce adlightly different
product (e.g., lighter, but lessdurable). Thisalternativeproduct offersthe sameutility astherival’s
product to most consumersin the population, but offers more utility to some groups, and less utility
to others. For the reasons discussed in this paper, such a change might be profitable because it can

incresse the firm’'s profit-maximizing price. Moreover, one can use the analyss in this paper to
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show that the profitability of the change will be a function of the size of the group to whom this
variety appeals. Thatis, producing thevariety preferred by a sub-popul ation will be moreprofitable

if the sub-population islarge, even if the additional total costs are proportional to group size.
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Figure 1 - Symmetric Equilibrium Price as a Function
of &1 - «
for w = .1, ej; uniformly distributed on {0,1)
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Figure 2 -P, as a function of wq in symmetric and
asymmetric equilibria
(Q1-a =39)
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Figure 3 - Firm A's profits as a function of wy
in symmetric and asymmetric equilibria
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Figure 5 -Firm A's Prices and Profits in Asymmetric
Equilibrium as a
Functionof Q1 - (for wy=.1)
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