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1 Introduction

One prominent feature of information goods is that they have large xed
costsof production, and small variable costsof reproduction. Cost-based
pricing makeslittle sensein this context; value-basedpricing is much more
appropriate. Different consumersmay have radically different values for a
particular information good, sotechniques for differential pricing become
very important.

There are many forms of differential pricing; a recentsurvey can be
found in Varian [1989]. In this paper we will focus on a particular as-
pect of dif ferential pricing known as quality discrimination or versioning.
Theseterms describe situations in which the producer provides different
gualities/versions of agood which sell at different prices.

As we will seebelow, the point of versioning is to get the consumers
to sort themselvesinto different groups according to their willingness to
pay. Consumers with high willingness to pay choose one version, while
consumerswith lower willingnesses to pay choosea different version. The
producer choosesthe versions so asto induce the consumers to “self se-
lect” into appropriate categories.
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Figure 1: Pricing with observable characteristics

2 Observable characteristics

The fundamental problem in any form of differential pricing is to setprices
so that purchaserswho are able and willing to pay high prices do so. If
willingness to pay is correlated with observable characteristics, such as
membership in certain social or demographic groups, prices can be keyed
to these observable characteristics. Senior citizen discounts, student dis-
counts, AAA discounts, and so on, are examples of this sort of differential
pricing.

The basictheory of this thir d-degreeprice discrimination is well known.
Let's examine a very simple case.Supposethat there are two groups, one
with high willingness to pay for “quality ,” the other with low willingness
to pay. In this discussion, quality simply refersto some characteristic of
the good that is desirable to consumers;in the caseof information goods
this could be resolution of a digital image, timelessnessof nancial news,
or speed of operation of a softwar e package.

We assumethat the producer can perfectly discern the type of the con-
sumer by observing some exogenous characteristic of the consumer: zip
code, age,gender, etc.

Figure 1 depicts the demand curves for quality by the two types of
consumers. Note that the demand curve in Figure 1A depicts alower will-
ingnessto pay for the good than the demand curve in Figure 1B for each
different quality at which the good may be offered.

For simplicity we will assumethat the marginal cost of producing in-



cremental quality is zero. It is easyto modify the analysis for any non-
constant costof providing quality.

The pro t-maximizing policy for this simple problem is immediate.
Sincethe producer, by assumption, can perfectly identify the type of the
consumer, it will price the good so asto extract the entire consumer's sur-
plus. But if the producer is able to extract the entire surplus, it will choose
the quality sothat total surplus is maximized. Using the notation in Figure
1,the rm would setthe quality intended for type 1to be x? and charge
ry = areaA; the quality intended for type 2 would be x3 and the price
would ber, = areaB:

It is worthwhile noting that this pricing solution is Pareto ef cient in
that there is no way to make the consumers better off without making the
producer worse off. In this simple casedifferential pricing hasallowed the
producer to capture the entire consumers' surplus.

3 Dif ferential pricing infeasible

What happens in our simple example if price discrimination is not feasi-
ble? To be explicit, let us supposethat afraction of the population is the
high willingness to pay type, and a fraction 1 is of the low willingness
to pay type. In this case,the producer can setthe price and quality sothat
only the high willingness to pay type buys the good or so that both types
buy the good.

The prot from the former strategy is r, and the prot from the latter
strategyis r;+ (1  )ry = r;. The producer will choosewhichever strat-
egy yields larger prot. Note that selling to both types is Pareto ef cient,
while restricting the quality to x; and selling only to the high willingness
to pay market is Pareto inef cient—it would be possible to make the low-
WTP type better off at zero cost. The seller refusesto do this since selling
to that market would reducethe prot it makeson the high-WTP type.

4 Unobservable characteristics

We continue to investigate the simple example described above in the
mor e interesting casein which the seller knows something about the dis-
tribution of willingness to pay in the population, but cannot identify the
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Figure 2: Self-selectionproblem

willingness to pay of a given consumer.!

In this casethe seller cannot baseits price on an exogenousbservable
characteristic such asmembership in somegroup, but canbaseits price on
an endogenousharacteristic such asthe quality of the choicethe consumer
purchases.

The appropriate strategy for the seller in this situation is to choosetwo
gualities and associatedprices and offer them to the consumers. Each of
the different consumer types will one of the two quality/price pairs. The
seller wants to choosethe qualities and prices of the packagesoffered so
asto maximize pro t.

The intention is to get the consumers to self-selecinto the high- and
low-WTP groups by setting price and quality appropriately. That is, the
seller wants to chooseprice/quality packagesso that the consumers with
high WTP choosethe high-price/high-quality package,and the consumers
with low WTP choosethe low-price/low-quality package.

Figure 2 depicts a possible strategy for this self-selection problem. In
this gur e we have superimposed the two demand curves. We start in
panel A with the situation examined in the previous section: the seller
produces qualities (x?;x9) and sells theseat pricesr{ = Aandr = A +
B + C: respectively. By construction, each consumer gets zero surplus if
he choosesthe packageintended for him.

1The basic insights in this section were rst spelled out by Maskin and Riley [1984];
the geometric approach used here seemsto have been rst used by Varian [1992].



A careful inspection of Figure 2 shows usthat the particular price/quality
pairs indicated do not satisfy the self-selection constraints since the high
WTP consumer can choosethe package intended for the low WTP con-
sumer and achieve a positive surplus. Speci cally, if the high WTP con-
sumer choosesthe bundle (r¢;x%) he will achieveasurplus representedby
areaB. Theseller's prot would then ber; = A, just asif price differenti-
ation were infeasible.

In order to prevent this arbitrage, the seller could seta price of A+ C
for x9. To seethat this induces self selection, note that the high willingness
to pay consumer would be indif ferent to purchasing x? at a price of A,
yielding a surplus of B, or purchasing x? at a price of A + C, yielding the
samesurplus. However, this pricing is de nitely more pro table than the
original pricing for the seller, sinceit yields prots of (A+C)+(1 )A=
A+ C>A.

Using this strategy the producer is able to capture the incrementalsur-
plus to the high-WTP consumer represented by area C that is associated
with the impr oving the quality from x§ to x9.

However, the story doesn't end here. Although this strategy is feasible,
it is not pro t-maximizing. It turns out that the seller canincreaseits pro t
even more by reducingthe quality available to the low-WTP consumers.

This is illustrated in panel B of Figure 2. By reducing quality offered
to the type 1 consumers by a small amount, the seller loosesthe prot de-
noted by the small black triangle. However, the quality reduction allows
the seller to increasehe price charged to the high-WTP consumers by the
amount indicated by the grey trapezoid.

By making the low-quality bundle have even lower quality, the seller
cancharge morefor the high-quality bundle. The seller will continue to re-
duce the quality of the low-quality bundle until the marginal reduction in
revenuesfrom the low-WTP consumers just equals the marginal increase
in revenues from the high-WTP consumers. This is depicted in Figure 2
for the caseof equal numbers of high- and low-WTP consumers( = 1=2).

5 Examples of quality adjustment
There are many examples of this sort of quality adjustment to support self-

selection. Airline pricing is an obvious example. Airlines sell discounted
faresthat involve various restrictions—advance pur chase,Saturday night
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stayover, etc. Businesstravelers choose unrestricted fares, while tourists
choose the restricted fares. Even though the cost of carrying a business
traveler is essentially the sameascarrying a tourist, unrestricted farescan
sell for 3-5times asmuch asrestricted fares.

In this casereducing the “quality” of the good by imposing additional
restrictions allows the producer to segment the market and induce self-
selection sothat prices can be basedon willingness-to-pay .

Quality adjustment in transportation in order to induce self selection
is avery old strategy. Consider, for example, this commentary on railr oad
pricing by Emile Dupuit, a nineteenth century French economist.

It is not becauseof the few thousand francs which would have
to be spent to put a roof over the thir d-class carriage or to up-

holster the thir d-class seatsthat some company or other has
open carriages with wooden benches... What the company is

trying to do is prevent the passengerswho can pay the second-
classfarefrom traveling third class;it hits the poor, not because
it wants to hurt them, but to frighten therich ... And it is again

for the samereasonthat the companies, having proved almost

cruel to the thir d-classpassengersand mean to the second-class
ones,becomelavish in dealing with rst-class customers. Hav-

ing refused the poor what is necessarythey give the rich what

is super uous. (Ekelund [1970])

Deneckere and McAfee [1996] contains several other examples of this
sort. We describe only two: a hardwar e example and a service example.

IBM LaserPrinter seriesE. This printer was identical to the standard
LaserPrinter, but printed at 5 pagesper minute rather than 10. The
reasonwas the presenceof a chip which induced wait states.

Federal Express. Federal Expressoffers to deliver your packagethe
next day, or the next day before 10AM. They will typically make two
deliveries rather than deliver standard packagesbefore 10 AM.

If we look at (physical) information goods we can nd several more
examples.



Books. Popular books aresold rst in hardback; several months later
they arereissuedin paperback. The costof paperback binding is only
slightly lessthan hardback binding.

Movies. Movies are issued rst for the big screen; several months
later they are reissuedin video.

Other sellers of information goods and services are just beginning to
implement this strategy. Here are some examples.

PAWWS Financial Network charges$8.95per month for a portfolio
accounting system that measures stock values using 20-minute de-
layed quotes. Real-time quotes are available for $50per month.

PhotoDisc sells royalty-fr ee stock photographs on the Web. Profes-
sional userswant high-r esolution imagesthat can be printed in com-
mercial journals; non-pr ofessionalswant medium- or low-r esolution
images for newsletters. PhotoDisc sells dif ferent size images for dif-
ferent prices; at the time this chapter was written they sold 600K im-
ages (72 dots per inch resolution) for $19.95and 10Mb images (300
dots per inch) for $49.95.

Wolfram Reseach, Inc. sells a version of Mathematica a computer
program that does symbolic, graphical, and numerical mathematics.
At one time the student version of Mathematicadisabled the oating-
point co-processorso that mathematical and graphical calculations
were much slower. The student version sold for a bit over $100;the
professional version sold for over $500.

Windows NT Workstation 4.0 sells for about $260. It can be con g-

ured asaWeb server, but only accepts10 simultaneous connections.
Windows NT Workstation Server canaccepthundr eds of simultane-
ous connections, and sells for $730-$1080depending on con gura-

tion. According to an analysis by O'Reilly Software the two operat-
ing systemsare essentially the same.

6 Welfare implications of versioning

Deliberate reduction of quality seemsperverse to most casual observers.
However, the social welfar e of quality discrimination can only be judged
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PerfectPD high-WTP Both Versioning

P A A+B+C A AO°

Py A+B+C A+B+C A A%+ CY%+ DO°
Surplus, 0 0 0 0
Surplus,, 0 0 B B
Producer surplus A+ [B+C] [A+ B+ C] A A%+ [C°+ DY
Total surplus A+ [B+C] [A+B+C] A+ B A% [B°+ C%+ DY

Table 1: Surplus comparisons

relative to its alternatives. In particular, if differential pricing were not
allowed, the low end of the market might not be served at all.

Table 1 depicts the total surplus in four different pricing regimes: per-
fect price discrimination, a at price at which only the high-WTP con-
sumer purchases,a at price at which both consumers purchase,and the
optimal versioning solution.

Note that the low-WTP consumer always ends up with zero surplus in
this model, and so can safely be ignored in the welfar e calculations.

We areinterestedin the welfar e effect of versioning. There are 3 natural
benchmarks: perfect price discrimination and the two at-price regimes.
The surplus calculations are

perfect PD versioning = (1  )D°
= value of lost quality
versioning - sell to high-WTP only = (1 )A°
= value to low-WTP consumers
of incremental consumption
versioning selltoboth = C (1 )D°
= incremental consumption of
high-WTP consumers
reduced quality to
low-WTP consumers:

Note that social surplus always increasesfrom versioning if only the
high-WTP consumers would be served under at pricing. If both classes
of consumerswould be served under at pricing the welfar e effect is am-



biguous. However, the following observation gives us a clear condition
under which welfarewill be reduced by versioning.

Factl If it is pro table to servebothclasse®fconsumersinder at pricing and
B (1 )A’>0
thenwelfarewill bereducedy versioning.

Proof. If it is pro table to serve both classesof consumersunder at pric-
ing,
A> [A+ B+ C];

which we canrewrite as
@ )A B C>O
Adding the inequality in the hypothesis gives us
1 A Ay cC>o0
Substituting D°= A A®gives us
C (1 )Db°%<o0:
The result now follows from the last surplus calculation.

Deneckere and McAfee [1996] analyze the welfar e effects of “damaged
goods” in a model with exogenous quality. They show that when there
aretwo distinct markets (e.g.,tourist travelers and businesstravelers) and
only the high-WTP market would be served in the absenceof price dis-
crimination, versioning can easily result in a Pareto impr ovement: both
class of customers and the the producer will be made better off. When
there are many classesof customers with different product valuations,
versioning may still result in a Pareto impr ovement, but the conditions
required are much more stringent.



7 Policy

What should antitrust policy be towards differential pricing of this sort? |
have examined the welfar e effects of dif ferential pricing elsewhere (Varian
[1985,1996])sowill limit myself to a simple summary.

The critical issueturns out to be whether differential pricing increases
or decreasedtotal output and/or quality. If the total output in a market de-
creasesunder differential pricing, then welfar e (consumer plus producer
surplus) de nitely decreases. If total output in a market goes up, then
differential pricing increaseswelfare.

Translated into the context of the examples given earlier, the question
is whether versioning allows new markets to be served that would not be
served in the absenceof this pricing strategy. If the answer is “yes,” then
it is likely that versioning increaseswelfare; if the answer is “no,” then
versioning reducesaggregatewelfar e.

Unfortunately , existing antitrust law doesnot seemto have avery clear
understanding of the issuessurrounding theseissues.As Huber [1993]put
it:

Almost every marketplace schemein the information industry
today could be construed asillegal under our antiquated an-
titrust laws. Information just doesn't obey the ordinary laws
of economics, so the people who sell it can't obey ordinary an-
titrust laws. Judgeshad better get used to that. What we're
talking about here is the futur e of our entire economy.

8 Goldilocks pricing

We have seenthat the number of versions of a product offered should be
equal to the number of types of consumers in the market. If there are
businesstravelers and tourist travelers in the market, then it makes sense
to have two broad “versions” of airline tickets.

But what happensif thereis no obvious market segmentation? What if
the number of “types” is huge? Arethere any useful rules of thumb?

A common choice is to have two versions: a “standard” and an “en-
hanced” version. However, somerecentwork in marketing suggeststhat
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the optimal number of versions in this caseis not two but three?

The reasonis due to what psychologists call extremenesaversionif the
only two sizesof drink that you offer are small and large, then some con-
sumers will be on the margin between choosing one extreme or the other.
Someof these consumers will choosethe small version, thereby reducing
producer revenues. But suppose the producer adds a “jumbo” version,
and renamed the sizes“small,” “medium,” and “lar ge,” with the current
medium being the samesize asthe previous large version. In this case,the
medium size servesas a focal point for the indecisive: those who would
have chosensmall, end up compromising on medium, thereby increasing
revenues.

Simonson and Tversky [1992]describea marketing experiment in which
two groups of consumers were asked to choose microwave ovens. One
group was offered a choice between two ovens, an Emerson priced at
$109.99and a Panasonicpriced at $179.99.The second group was offered
theseovens plus a high-end Panasonicpriced at $199.99.

By offering the high-end oven, Panasonicincreasedits market share
from 43%to 73%. Mor e remarkably, the salesof the mid-priced Panasonic
oven increasedfrom 43%to 60%apparently becauseit was now the “com-
promise” choice. According to Smith and Nagle [1995],

Adding a premium product to the product line may not nec-
essarily result in overwhelming sales of the premium prod-
uct itself. It does, however, enhance buyers' perceptions of
lower -priced products in the product line and in uences low-
end buyers to trade up to higher-priced models.

If this samepsychology applies to information goods aswell asphysi-
cal goods, then the producer may be better off providing standard, profes-
sional, and “gold” versions than it would be if it just provided standard
and professional versions evenif very few consumerschoosethe gold ver-
sion.

9 Practical implications

What are the practical implications of this analysis for the producer of in-
formation goods?

2SeeSimonson and Tversky [1992] and Smith and Nagle [1995].
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The rst point is the most fundamental: makesure that you designthe
productsothat it canbeversioned.That is, the produce should be designed
in away that it is easyto reduceits quality in order to sell to a particular
market segment. In addition to being sound softwar e engineering, mod-
ularization can be very useful from the viewpoint of marketing since it
makes it easyto remove features.

The secondpoint is that the right way to to design the product will gen-
erally be to designfor the high endof the market rst, andthendowngradehe
productto getthe versionsfor the othersegment®fthe market. Recall that our
analysisimplied that the produce for the high-demand consumer was cho-
sen so that the marginal willingness to pay for additional quality equals
the marginal cost of producing additional quality (which was zero in our
example.)

If we think of quality as being “additional features,” an admittedly
dangerous equivalence, this meansthat the producer should add features
until the willingness to pay for an additional feature by the high end of the
market just equals the cost of providing that feature. Once the high end
has been determined, the producer then removes featuresto sell to the
lower segment of the market, recognizing that it featureit removesallows
it to increasethe price sold to the high WTP consumers.

The third point applies to information goods that need to be “viewed”
using a specic piece of hardware or software. For example, think of a
browser used to view on-line newspaper articles. If the owner of the con-
tent controls the browser, then it can choose the features of the browser
to enhancethe quality of consuming the content. For example, if the con-
sumer is viewing page 7 of the article, it is likely that page 8 will be the
next piece of content he looks at, so the browser could download page 8
in the background. Controlling the browser allows the seller of content to
increasethe quality of what it is selling.

But as we've seen, it is also advantageous to reducethe quality of a
good in order to segment the market. Hence controlling the browser—
or more generally, the conditions under which the information good is
consumed—canbe very advantageousto the content owner sinceit makes
versioning easier This may well be one of the factors that makes use of
Java-basedviewers attractive.

Finally, the discussion of “Goldilocks pricing” suggeststhat in the ab-
senceof any additional information having threeversions rather than two
may be attractive due to “extr emenessaversion” on the part of consumers.
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