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Abstract

Large sunk costs of development, negligible costs of reproduction and distribution,
and substantial economies of scale make information goods distinct from physical
goods. Product differentiation and price discrimination through versioning are com-
mon ways firms take advantage of the specific characteristics of information goods.
This dissertation consists of three essays focusing on different situations where ver-
sioning strategies are implemented by information goods producers. The first essay
discusses the interaction between different market segments showing the differences
in versioning strategies when moving from horizontal to vertical differentiation as we
believe that any product differentiation must be based on existing market segments.
The second essay analyzes optimal versioning strategies when treating information
goods as “experience goods” whose quality can only be determined through use. The
third essay investigates price, quality and versioning strategies that information goods

producers use to deter entry and maintain market power.
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Chapter 1

INTRODUCTION

Characterized by large sunk costs of development, and by negligible costs of reproduc-
tion and distribution, information goods show substantial economies of scale (Shapiro
and Varian, 1999). Jones and Mendelson (2005) categorize information goods as: i)
computer software including operation systems, programming tools and applications;
ii) online services such as internet search engines and portals; iii) online content such
as information pr;)vided by Lexis/Nexis, Dow Jones, and Reuters; and iv) other digi-
talized information goods such as digitalized music, movies and books. An additional
unit of an information good can be produced and distributed at negligible cost by
allowing it to be downloadable over the Internet (Jones and Mendelson, 2005). Broad
adoption of e-commerce, secure and convenient online payments and high-speed in-
ternet connections greatly lower the transaction costs.

Another notable feature of information goods is that after the highest quality
version has been developed, the creation of its vertically degraded versions is usually
less costly. Versioning is to “offer a product line and let users choose the version
of the product most appropriate for them (Shapiro and Varian, 1999)”, which is
often referred to as “the second degree price discrimination”. Developments in soft-
ware engineering have made versioning of most computer software virtually cost-free.
Thus, information goods producers can easily provide vertically differentiated prod-
ucts, thereby segmenting the market to maximize profit.

In the first essay,! we follow the self-selection model of consumer choice, emphasiz-

IThe original paper was titled “Product Differentiation and Market Segmentation of Information
Goods” by Xueqi (David) Wei and Barrie R. Nault, which was presented at the Workshop on
Information Systems and Economics (WISE) in Irvine, California, December 2005.



ing the interaction of market segmentation and product differentiation of information
goods as we believe that any product differentiation must be based on existing market
seé;ments. We treat vertical differentiation as a special case of horizontal differentia-
tion, and we model the interaction between different segments showing the differences
in versioning strétegies when moving from horizontal to vertical differentiation. We
find that it is optimal to version information goods only if the market is differenti-
ated and cross-purchasing is limited or if characteristics of the information goods are
designed for particular segments.

Essential to our model is the definition of an individual consumer taste for qual-
ity, and a group taste that is correlated with individual tastes. We find that if there
is only one group, then the classic result of no versioning - that is, a single version
- found by others, holds. For multiple groups and horizontally differentiated infor-
mation goods we provide an intuitive condition that results in no cross-purchasing,
and consequently a monopolist offers a separate veré:ion for each group. Relaxing the
no cross-purchasing condition, we find that versioning can still be optimal with the
monopolist squeezing lower-taste groups in favor of hiéher taste and more profitable
groups.

Using the same consumer preference structure with correlated individual and
group tastes, for multiple groups and vertically differentiated goods we find that
a monopolist only offers a single version. However, relative to one consumer group,
multiple consumer groups can allow the monopolist to increase profits by trading vol-
ume for increased price. We also find that if characteristics of the goods are “group
related” - that is, all consumers share the same group tastes for certain characteristics
- versioning can be optimal. We then provide an algorithm to determine the optimal

number of versions if the costs of producing additional versions are significant.



In the second essay,? we analyze a monopolist’s versioning strategies for experience
information goods with two different payment arrangements: lump sum payments
and periodic license fees. In contrast to “search goods” whose attributes can be
determined by inspection without the necessity of use, we treat information goods as
“experience goods” whose quality can only be determined through use.

With lump sum payments, consumers pay once to have ownership of the good.
Thus the monopolist can offer different versions and provide upgrades to maximize
profits. Allowing upgrades makes versioning more complicated. For versioning with
upgrades, we examine how producers choose prices for different versions and for up-
grades, and how upgrade strategies impact consumers’ choices and subsequent ver-
sioning strategies. Adopting a two-stage model where consumers can purchase in the
first stage and then those that chose a lower quality can upgrade in the second stage,
we show that versioning is a useful strategy for the producer to fully reveal the quality
of its goods. To maximize profits, the producer generates vertically differentiated ver-
sions of its information goods, and designs mechanisms for consumers that purchase
lower quality versions to upgrade to the high quality version after having experienced
the low quality version and learned its true quality. We find that if consumers have
homogeneous initial expectations about quality, then the producers’ optimal pricing
strategy is to drive all the consumers who buy the low quality version in the first stage
to upgrade to the high quality version in the second stage. In this way, consumers
that upgrade pay a tax for learning. But if consumers have heterogeneous initial
expectations and consumers that are optimistic about quality dominate the market,
then only some consumers that purchase the low quality version in the first stage

upgrade.

2The original paper was titled “Experience Information Goods: Versioning and Upgrading” by
Xueqi (David) Wei, Christian Weiss and Barrie R. Nault, which was presented at the 2007 INFORMS
Conference on Information Systems and Technology in Seattle, Washington, November 2007.



With periodic license fees, consumers are charged for the usage of the good for
a period of time. Thus the monopolist may provide different versions at different
periods to attract consumers. We find that for pessimistic consumers, versioning
strategies are implemented by the monopolist only if some consumers are already
informed of the true quality. For optimistic consumers, the monopolist provides only
one version.

With the ease of versioning, product differentiation and pricing strategies of infor-
mation goods are different from traditional goods, especially in the context of compe-
tition. Competition for information goods is more intense than traditional goods and
the winners usually dominate the market. In addition, with potential competition,
producers of information goods have an incentive to improve quality. They launch
their highest quality version, or upgrade the old version, whenever possible, even if
they lose money at the margin by cannibalizing the existing market share of the old
version (Nault and Vandenbosch, 1996). It is also common for the software producers
to release a buggier product early and patch it later to grab the “first mover advan-
tage” in the market (Arora, Caulkins, and Telang, 2006). The subsequent questions
are: 1) why do leading producers of information goods dominate their market? and,
2) why is a monopoly producer so eager to improve the quality of its information
goods under potential competition?

In the third essay,® we analyze price, quality and versioning strategies that in-
formation goods producers use l;o deter entry and maintain market power. We find
that under competition, firms provide higher quality information goods with a better

“price-quality ratio” than in monopoly. In a Stackelberg game, the leader firm that

3The original paper was titled “Vertically Differentiated Information Goods: Entry Deterrence,
Rivalry Clear-out or Coexistence” by Xueqi (David) Wei and Barrie R. Nault, which was presented
at the 2006 INFORMS Conference on Information Systems and Technology in Pittsburgh, Pennsyl-
vania, November 2006 (Received “Best Paper Award”).



provides the high quality information good decreases its quality level to maintain a
first mover advantage. We also show that a monopolist can implement versioning
strategies in the low-end market to deter entry, and different versions exist as a signal
to prevent potential entry. A vertically differentiated market is often referred to as
a “natural oligopoly” for traditional goods, whereas it can be regarded as a “natural
monopoly” for information goods.

The rest of the thesis is organized as follows. Chapter 2 analyzes monopoly version-
ing of information goods. Chapter 3 examines versioning strategies with experience
information goods. Competition with information goods is presented in Chapter 4.

Chapter 5 concludes the thesis with a brief summary and possible extensions.



Chapter 2

ESSAY ONE: MONOPOLY VERSIONING OF
INFORMATION GOODS

2.1 Introduction

Information goods such as computer software, online services, online content and dig-
italized music, movies and books have become an indispensable part of our life. The
greatest distinction between information goods and physical goods is reproduction
costs where the former incurs large sunk costs of development but negligible costs of
reproduction and distribution. Broad adoption of e-commerce, secure and convenient
online payments and high-speed Internet connections have greatly lowered transaction
costs and made information goods more appealing. In addition to production costs,
several other features make information goods different from many other products:
due to developments in software engineering, characteristics of information goods
can be easily recombined to generate different versions, and information goods are
durable goods in that a consumer purchases at most one unit of a specified version
of the goods during the overall life cycle.

Price discrimination and product differentiation through versioning are common
ways firms take advantage of the specific characteristics of information goods. As con-
sumers can easily compare and select their favorite goods online, third degree price
discrimination, which assumes consumers from one segment cannot cross-purchase
goods from another segment, is less likely. On the other hand, technologies such as

“cookies” adopted in e-commerce make it possible to treat each consumer separately,



thus in principle firms can implement first degree price discrimination. Choudhary,
Ghose, Mukopadhyay and Rajan (2005) propose personalized pricing (PP) where
firms can perfectly identify valuations of heterogeneous consumers and target them
individually with vertically differentiated goods. However, consumers can easily com-
municate with each other or disguise their patterns to respond strategically to firm’s
pricing strategy, hence PP has not been widely adopted.

So far the most popular way to sell information goods is where firms offer a menu
of goods and prices, and each consumer chooses based on their preference: second de-
gree price discrimination (Shapiro and Varian 1999). Bakos and Brynjolfsson (1999)
find that bundling large numbers of unrelated information goods can be profitable,
but when different segments of consumers differ systematically in their valuations for
goods, simple bundling is not optimal. Sundararajan (2004) shows that for infor-
mation goods, fixed-fee and usage-based pricing can be used together to maximize a
monopolist’s profit.

An alternative to bundling and non-linear pricing for information goods is ver-
sioning. In previous literature, versioning through vertical differentiation and corre-
sponding pricing strategies are modeled in different contexts such as network exter-
nalities (Jing 2002), competition (Jones and Mendelson 2005, Wei and Nault 2006),
anti-piracy (Wu, Chen and Anandalingam 2003), and inter-organizational informa-
tion systems (Nault 1997). They all conclude that versioning is not optimal without
certain constraints, consistent with Bhargava and Choudhary (2001). Adopting a
quadratic utility function form, Ghose and Sundararajan (2005) propose optimal
solutions with multiple versions. Chen and Seshadri (2007) introduce convex reserva-
tion utilities when consumers have muitiple outside options to explain the existence
of multiple versions. Bhargava and Choudhary (2007) examine a more general non-

linear utility function form and propose that versioning is optimal when lower type



consumers have greater ratios of valuations than higher type consumers.

Although the modeling results from previous literature are consistent with many
empirical observations, there are other observations that are not effectively explained.
The most well-known is Microsoft’s Operating Systems. Windows XP has five edi-
tions: Home Edition, Professional, Media Center Edition, Tablet PC Edition and
Professional x64 Edition. The Home Edition and Professional Edition are vertically
differentiated, but the others are horizontally differentiated. The Windows Server
2003 family has six editions and they are not purely vertically differentiated as each
edition has its own focus. This also applies to the latest delivery of Windows Vista.
Another example is Kurzweil’s product line of software-based voice recognition prod-
ucts (Shapiro and Varian 1999). Kurzweil offers seven versions and among them Office
Talk is designéd for office staff, Law Talk for lawyers and Voice Med for medical staff.
Each version is priced differently while all of the versions share a certain amount
of common vocabulary (about 20,000 words). The high-end version for surgeons is
priced a hundred times higher than the entry-level version. There are numerous other
such examples.

Although it is technically possible for firms to generate a “super-version” which
contains all the characteristics in their product line and then degrade it to generate
vertically differentiated versions, many firms still choose to differentiate their products
horizontally whenever possible. Indeed, previous research has shown that a monop-
olist offering vertically differentiated versions is optimal only under some restrictive
conditions. In this work, we treat vertical differentiation as a special case of hori-
zontal differentiation, and model the interaction between different market segments
showing how and when monopoly versioning is optimal.

Essential to our model is the definition of an individual consumer taste for qual-

ity, and a group taste that is correlated with individual tastes. We find that if there



is only one group, then the classic result of no versioning - that is, a single version
- found by others, holds. For multiple groups and horizontally differentia,ted infor-
mation goods we provide an intuitive condition that results in no cross-purchasing,
and consequently a monopolist offers a separate version for each group. Relaxing the
no cross-purchasing condition, we find that versioning can still be optimal with the
monopolist squeezing lower-taste groups in favor of higher taste and more profitable
groups.

Using the same consumer preference structure with correlated individual and
group tastes, for multiple groups and vertically differentiated goods we find that
a monopolist only offers a single version. However, relative to one consumer group,
multiple consumer groups can allow the monopolist to increase profits by trading vol-
ume for increased price. We also find that if characteristics of the goods are “group
related” - that is, all consumers share the same group tastes for certain characteristics
- versioning can be optimal. We then provide an algorithm to determine the optimal
number of versions if the costs of producing additional versions are significant.

The rest of the paper is organized as follows. We set up our notation and as-
sumptions in Section 2.2 and discuss when there is only one group in Section 2.3. We
extend the model to investigate situations when there are multiple groups with hor-
izontally differentiated goods in Section 2.4 and with vertically differentiated goods

in Section 2.5. Discussion and future research are included in Section 2.6.

2.2 Modeling

Following the hedonic hypothesis that “goods are valued for their utility-bearing
attributes or characteristics” (Rosen 1974, pp. 34), we define information goods as a

set of characteristics. We allow for M characteristics, x = {z1, 22, ..., Zn}, and each
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good contains a subset of these characteristics, for example x 2 X;, X, ..., X where
there are I possible information goods. Quality is denoted by ¢ where g € [0, +00).
We assume that complexity of information goods does not jeopardize their quality
levels and that unused characteristics can be freely disposed of or ignored in use.
In other words, the quality of information goods are solely determined by the set
of characteristics they include, and more characteristics are better. This is our first

assumption.
Assumption 2.1 For two information goods X; and X;, if X; C X;, then ¢; < ¢;.

If an information good contains all the characteristics of another good and more,
then we call it “vertical differentiation”. If two information goods do not include each
}other, then we call it “horizontal differentiation”. Our Assumption 2.1 indicates that
quality can be compared between vertically differentiated good§. For horizontally
differentiated goods, quality cannot be compared directly.

As in most prior research, we take consumers to be heterogeneous and continuously
distributed in their individual taste for quality. We denote the individual consumer
taste as @ which belongs to [0y, 0n]. We assume that 6 has density and cumulative
density functions f(8) and F(6), so that consumers are normalized with a unit popu-
lation. The density is strictly positive over its support and continuously differentiable.
Following Bhargava and Choudhary (2001), Jing (2002) and Sundararajah (2004), we

make the following assumption about the distribution of consumer taste:

Assumption 2.2 The reciprocal of the hazard function, }—_f(—F(})Q, 1S NoN-INcreasing in

6.t

1As discussed in Bhargava and Choudhary (2001), this assumption is satisfied by common distri-
butions such as the uniform, normal, logistic, chi-squared, exponential, and Laplace distributions,
and any distribution with increasing density.
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From Assumption 2.2, the function —}—%Q, 0 < 6 <1 is also non-increasing, so we

have
9 .0—F(
00 78 f(6)

Essential to our model, we define a second feature that determines an individual’s

S=FO) g for0<s<t.

taste for quality: a group taste. Consumers are divided into groups and these groups
are correlated with individual tastes which in turn define segments. Consumers with
individual taste in segment (6,1, 8,) belong to group n,n € {1,2,---, N}. Consumers
in the same group n share the same group taste k, and higher groups have greater
tastes for quality, which means k,.; > k,. We represent the taste for quality as
a product of the individual and group taste so that it can be represented by k,0.
Without a great loss of generality (as we can rescale ¢), we assume a multiplicative
relationship in the consumers’ willingness to pay U(q, 6, k,) between taste k,0 and

quality ¢. This is our third assumption.

Assumption 2.3 The utility function of consumers in group n who purchase infor-
mation good with quality q is expressed as U(q,0,k,) =k, 0¢q, ne{l,...,N}, 0 ¢
[en—ly 917,)

Figure 2.1 illustrates the utility that consumers from different groups receive based
on the above utility functions. The combination of individual and group tastes allows
us to represent discontinuous consumer heterogeneity.

To provide a separate version for certain consumers may incur additional costs
which we refer to as “versioning costs”. Versioning costs could include additional
development, marketing and managerial costs. Technology development such as soft-
ware engineering has greatly lowered additional development costs for versioning and
broad adoption of e-commerce has minimized additional marketing and managerial

costs for providing an extra version. Thus, we make the following limiting assumption
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Figure 2.1: Utility Functions of Consumers in Different Segments

about the versioning costs:

Assumption 2.4 Versioning costs are zero after the highest quality information goods

have been produced.

We relax this assumption in the last part of Section 2.5 to show how versioning
costs may impact versioning strategies.

In segment n where the consumer only chooses between purchasing the good de-
signed for their segment and not purchasing, we define 6, as the indifferent consumer

and the price assignment is
Pn = U(q'n; é’m kn) (21)

In segment n where the consumer chooses between purchasing the good designed
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for their segment n and a good designed for another segment i, we define 8, as the

indifferent consumer and the price assignment is
Pn =Dp;+ U(Qm én; kn) — Ulgs, é"na k). (2.2)

In this formulation, the profit maximization problem for a monopolist that serves all
N segments is?

~ ~ N ~ ~
max T(fy,---,0n) = max {3 palF(6n) — FG)}, Bn € [Buos, 60)-

61,6 51,...’1\, el
2.3 Market with Only One Consumer Group

If all consumers share the same group taste, then there is only one consumer group
in the market. We normalize k; to unity and the utility function is simplified to
U(g,8) = 0q, 0 € [6o,61]. With only one group, all the characteristics designed for
this group are valued by all consumers.

We assume the monopolist provides M versions of the information good with
quality levels @ = (q1,42,--.,9m-1,qnm). Without loss of generality, we assume
G < @ < ... < qu-1 < qu. The highest quality ¢ is developed first, and the
subsequent degraded qualities qpr—1, - . ., g2, q1 are produced through versioning. Let
P = (p1,pa,---,PMm—1,Pn) denote the corresponding prices, and D(P,¢;) denote the
demand for the good with quality ¢; given the price vector P.

The provision of M different quality levels divides the market into M + 1 segments,
where the last segment has consumers that do not purchase. In segment 1 where the
consumer only chooses between purchasing the good designed for her segment and

not purchasing, we define 0, as the indifferent consumer and the price assignment is

2Strictly speaking, a monopolist chooses prices to maximize its profits. But in our formulation a
monopolist choosing indifferent consumer types is equivalent. Proofs are available upon request.
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as in (2.1),

h = U(q1,9~1) = élql-

In segment ¢ (for 2 < ¢ < M) where the consumer chooses between purchasing the
good ¢; and a good ¢;_; designed for its closest segment ¢ — 1, we define ; as the

indifferent consumer and the price assignment is as in (2.2):
pi = pi1 + U, éz’) — U(gi-1, 5¢) =pi1 +0iqs — Oigss

The monopolist chooses 8; to maximize its profit. Our profit maximization problem
is

max {[1 — F(0y))[02q1 + Z -1) 0]

G1,0m

+§[F<éi+1> 1[01q1+z 6+ (PG — PG},

S5 0<06,<0,<... <8y <0

The first-order conditions imply that the optimal 6;,i € {1,2,..., M} satisfies §; =
—f%@ Because the inverse hazard function %ﬁl is non-increasing by Assumption
2.2, 0 = %@ has unique solution (considering the constraints, 0; can be corner
solutions, in this case §; = 6, ). It means that all the indifferent consumer types

are equal, so that there is a single indifferent consumer. We denote this indifferent

consumer as 6%, where

D)

The result is that consumers in [6*,6;] purchase the highest quality version while

(2.3)

consumers in [fy, 8*) do not purchase. This yields the following theorem:

Proposition 2.1 If there is one consumer group, then it is not optimal to version

information goods.
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This is the classic one version case, which using our formulation replicates the
findings of Jones and Mendelson (2005), Bhargava and Choudhary (2001) and basic
argument of Jing (2002), and Wu, Chen and Anandalingam (2003).

2.4 Horizontal Differentiation of Information Goods

2.4.1 Multiple Groups Without Threat of Cross-Purchasing

For a horizontally differfentiated market, consumers from different groups derive value
from a shared set of characteristics of the information good, while other characteristics
can be tailored to provide value for different groups. We use X, to denote the shared
characteristics and ¢, as the quality inde>_c f§r Xq. For simplicity, we assume that X,
is the only set of characteristics shared by the different goods in the product line,
that is

Xo=X:NX;, Visj.

Because X, is the set of characteristics of the information goods for group n, we get
X, N X, as the set of special characteristics tailored for group n, where X, is the
complement of X,. Only this group values those special characteristics. As a result

we have the following utility function

kn.0q;, if n =14
kn0qq, if n 1,

U(qi> 07 kn) =

which means if a consumer from group n purchases the information good tailored
for group n, then the consumer receives utility k,6q,. Otherwise, if a consumer pur-
chases the “wrong” information good (one tailored for another group), the consumer
only gets utility from the shared characteristics, k,0¢g,. Therefore, our definition of
horizontal differentiation is this form where the additional characteristics that each

group values is mutually exclusive.
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To avoid cross-purchasing, which in this case means avoiding consumers preferring

the “wrong” information good, we have the following lemma.3

Lemma 2.1 A necessary and sufficient condition to prevent cross-purchasing between

different groups is
do k.0,

Gn ~ kNef\r

Vne{l,2- -, N—1},

where 8, is the indifferent consumer when the monopolist mazimizes profit in segment

n only.

Lemma 2.1 is the special case of the more general condition U(g,, O, kn) < U(gn, &5, kn),
Vn € {1,2,---,N —1}. Because consumers with high individual tastes also have high
group tastes, consumers in segment N have the highest utility for shared character-
istics, and are the most likely to cross-purchase goods designed for other segments.
Lemma 1 indicates that the shared characteristics do not provide enough value for
consumers in segment N to cross-purchase the goods designed for other segments,
and thus guarantees the separation of all the segments. In this situation, we have the

following theorem.

Proposition 2.2 With multiple groups and horizontally differentiated goods with
shared characteristics, if there is no threat of cross-purchasing, then it is profit mazi-
mazing for the monopolist to provide each segment only one version which is tailored

for it.

The rationale behind Proposition 2.2 is simple. As compared to the value of the
special characteristics, if the value of the shared characteristics is relatively low, then
each consumer chooses exactly the right version for their group. In the special case

when ¢, is zero, which means the groups in the market are completely different in

3Proofs are provided in Appendix A.
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their taste and quality requirements, we have a “perfect horizontally differentiated

market”.

2.4.2 Multiple Groups Under Threat of Cross-Purchasing

Now we analyze the conditions where Lemma 1 cannot be satisfied. Generally, for
consumer group ¢, if we have '?IL:' > l%-%’ 1 <4< j < N, which means §; gets more
valﬁe from g, than 8} gets from g¢;, then there is a threat that part of segment j may
prefer to purchase good X; instead of X;.

When there is a threat of cross-purchasing, we have the following lemma:

Lemma 2.2 When there is a threat of cross-purchasing: 1. The version with the
lowest price is the only version that will be cross-purchased; and 2. For a segment
that is under threat of cross-purchasing, all the higher segments are under threat of

cross-purchasing and all the higher segments are covered.

We denote the lowest priced segment as segment ¢ and the lowest segment that is
under threat of cross-purchasing as segment j. As only a higher-end segment can be
threatened by an information good designed for a lower-end segment, we have k; < k,,
forn € {j,j+1, -+, N}. Under the threat of cross-purchasing, the monopolist changes
price constraints in all segments n. We denote 6, as the consumer in segment n that
is indifferent between purchasing goods X, and X;, and g; as the consumer in segment
i that is indifferent between purchasing good X; and not purchasing. Then from (2.1)

and (2.2), the prices are defined by
P = kﬂlqz, for éi S [91;_1, 91,), and (24)

k'nénQn —DPn= knénQa — D NE {.7;.7 + 1> the 7N} and én € [en—laen)' (25)

We know from Lemma 2.2 that all segments higher than segment j are covered. But
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segment j need not be covered. We consider these two cases separately.

Case 1: Segment j Is Not Covered In segment j, there is another consumer
which we denote as éj that is indifferent between purchasing X; and not purchasing.

Thus, we have the additional condition using (2.4)

kjéjqa = kzézq,, for éj € (Gj_l,éj). (26)

~ ~

Here we have three possible partitions of segment j: consumers in [6;_1,6;) do not
purchase, consumers in [éj, 9}-) cross-purchase X;, and consumers in [5j, 6;) purchase
X;. In segment ¢ consumers in [5,-,91-) purchase X; and consumers in [9-_1,§i) do
not purchase. In segment n, for n € {j,5 +1,---, N}, consumers in [6,_1,8,) cross-
purchase X; and consumers in [0,, 8,) purchase X.

Substituting (2.4), (2.5) and (2.6) into the profit maximization described in Section

2 (only considering segments that are involved in cross-purchasing), we get

max TG, 65, 0w) = max {kGglF@) — F(G) + F(6;) — P(2%4)
03,07,0n 0:,05,+0n kaa

+ Z kzéz‘Iz[F(en) - F(en—l)] -+ Z knén(Qh - Qa)[F(en) - F( ~n)]}a

n=j+1 n=j

> 6; €[0;-1,6;) and 0, € [6p1,0),n € {4,5+1,---,N}.
From the first-order conditions with respect to 8,, n € {j,7+1,---,N}, we have
5;‘; = %@. Solving the above equation, we get 5;; = @}, where the latter is
the indifferent consumer from Lemma 2.1 when there is no cross-purchasing. This
means the market share for good X, is the same as without the threat from good
X;. However, from (2.5) we know the price p, is lower than when there is no cross-

purchasing. Thus, under threat of cross-purchasing from segment 4, the profit from

good X, decreases.
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From the first-order condition with respect to 6;,

%

o F(0:) = FO) + F(0;) — FGEEGY) + T3l [F(6n) — F(6n-1)]

, FOF) + 5 f (-0y)

N—F . . . ki 8F
Because F—’@%,)(o)—(e) is non-increasing and £ > %8s We have
i

FO) ~ FGE0D) _ kyaa F0) ~ F}) _ byta e kil _ 0
,’:—;%f(f;—gi@;‘) ~ kg f(65) kig; 7 kiq; ¢
And we know 6 = T8I0 5o we have
5 o F6) - F(0;) + F(6;) — F(3467) g
' FO) + i f(Rady) '

Case. 2: Segment j Is Covered Here, there are only two partitions of segment
j: consumers in [6;_1, ;) purchase X; and consumers in [;,6;) purchase X,. Other
segments are the same as in Case 1. The monopolist’s profit maximization is

_max_ I11(6;,0;, -+ ,0n) = _max_ {kiéi‘Ii[F(ei)_F(gi)]'*'i kibiqi[ F(6r) — F(0-1))

01’79]'7'"75N 01',, j:""eN n=j

N ~ ~
+ 3 kabn(gn — a)[F(62) — F@1},

n=j
> 51, € [9'—1,6i) and é’n € [9 —179n)>n € {9).7 + 1’ Tt aN}‘
From the first-order conditions with respect to 8,, n € {j,j+1,---, N}, we still have

5;; = @. From the first-order condition with respect to 02-,

5 _ F(0) = FO1) + S0, [F(6n) = F(0n-1)]

’ £(65)
7 Y N —_ - . ~
Because — 02 F(9)+27}?;)[F(0n) Fn-1) £ (eif)(;f © v8, we find that 6 > 67

Thus, under both cases we have 6 > 6% and 6% = 6%. Consequently, the market
share for good X; in segment ¢ shrinks in response to the price increase in X; used

to mitigate the threat of cross-purchasing from other segments. Moreover, the higher
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Y, =(F(8,)-F@NI f(8)

\ \Y = (F@)=F(@)+1~ F(8,2))! /(©)

¥y = ()~ F(E)/ f¢8)

Figure 2.2: Market Interaction under Cross-Purchasing

5;" increases the prices of goods X, (n € {j,7+1,---,N}). Figure 2.2 illustrates this

situation. Concluding the above analysis, we have the following theorem:

Proposition 2.3 With multiple groups and horizontally differentiated goods with
shared characteristics, if there is a threat of cross-purchasing, then the monopolist
retains the market share of versions designed for segments that are under the threat
of cross-purchasing while shrinking the market share in the segment that serves the

version with the lowest price.
What are the consequences if ¢,/¢; increases? Two situations can result:

1. More segments are under threat of cross-purchasing from good X;. The sufficient

condition for cross-purchasing between segment ¢ and j is %% > %L And we
(3 “ j
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know for k; < k;j, %% < 1. If g,/¢; is increasing, then this condition is more
likely to be satisfied. Consequently, more high-end segments are involved in
cross-purchasing. When ¢,/¢; is close to 1, all the high-end segments (for those
which are higher than segment ¢) are under threat of cross-purchasing from

good X;.

2. The higher-end segment j is more likely to be covered. The sufficient condition
for segment j to be covered is %ﬁ% < ;1. With the increase of ¢,/g;, this
condition is more likely to be satisfied. As a direct consequence, 5;‘ is more

likely to reach its upper bound 8;, which means segment 4 is no longer served.

There are two extreme situations for goods with shared characteristics. One is that
the shared quality g, is zero, which is the perfect horizontal differentiation situation we
discussed in the previous section. The other extreme is that the special quality is zero,
which means ¢, = ¢, consumers in different groups value all the characteristics of the
information good, although at different utility levels, which is a vertical differentiation

model. This is the focus of the next section.

2.5 Vertical Differentiation of Information Goods

2.5.1 Multiple Groups and Vertically Differentiated Goods with Undif-

ferentiated Characteristics

In this section consumers from all groups value all the information goods’ characteris-
tics, although they may put different values on those characteristics. These different
values depend on the group taste k, and the consumer taste 6.

Using the single version one consumer group result from (2.3) and Proposition

2.1 where 6* is the indifferent consumer, in our multiple groups context we define the
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segment 6* belongs to as e where 6* € [0,—1,6.). To simplify our notation we construct
the function H(6) = 8[1— F(#)] which has a global maximum at H(8*). Consequently,
H (0) is monotonically increasing for § € [0y, 6*], and H(8) is monotonically decreasing
for 6 € [6*,6n].

From the discussion in the previous section, the monopolist serves only the higher-
end segments and offers only one version. We have the following theorem that deter-

mines which customers are served with multiple groups.

Proposition 2.4 With multiple groups and vertically differentiated goods, only the
highest quality is provided and versioning is not profit mazimizing. Consumers with

0 > 0,, are served, where 0, is defined as

O =m0ax{lceH(9*),an(9 1), nef{e+le+2,---,N}}.

Proposition 2.4 differs from Proposition 2.1 because of multiple groups defined by
their group taste k,. The difference comes about because it may be more profitable
for the monopolist to only serve segments higher than segment e, but at higher prices
- prices that can be maintained because k. < &, when n is defined as in Proposition
2.4. Therefore, if 6,, = 6, then the optimal solution for the monopolist is the same as
in Proposition 2.1 where there is only one group. Otherwise, the monopolist shrinks
the market to increase profits by trading volume for price, although no versioning is

implemented. From this we have the following corollary:

Corollary 2.1 With multiple groups and vertically differentiated goods, monopoly

profits are at least as high as when there is only one consumer group.

To illustrate the ideas of a market with vertically differentiated goods, suppose

there are only two segments, k; < kg, and for consumers in group 1, € [6o,6,),
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and for consumers in group 2, 8 € [61,62]. Figure 2.3 illustrates the relationship

between profits and the division between consumer groups. For Figure 2.3, we define

nll

Figure 2.3: Profits under Vertical Differentiation with Undifferentiated
' Characteristics

Or = {0 : koH(0) = k1 H(6*), 6 € [6*,65]}. Because H(0) is monotonically decreasing
for 6 € [6*,05], there is unique ). From Proposition 2.4, we know that for 6, € [6o, 6*],
O, = 0*; for 6, € (6*,6%), 0, = 61; and for 0y € [Bk, 2], O, = 6*. Thus we have three

regions to consider. When the monopolist does not consider versioning,
1. If 0; € [0y, 6*], then the optimal profit is IT = kagnH (6*).
2. If 6, € (6*,6;), then the optimal profit is 11 = kegnH (6;).

3. If 6; € [6k, 65, then the optimal profit is IT§ = ki g, H (6*).
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Only in the second region does optimal profit depend on #;. Suppose the monopolist
considers versioning, which means a lower quality version ¢; is developed for group 1,

and gy, is only for group 2.

1. If 01 S [00,9*], then H*(qh, Q[) = Qhk‘zH(e*) - q;[sz(e*) — le(Ol)] S HT And
when ¢, = 0, IT* =II].

2. If 6, € (6%,01), then I1*(qn, 1) = qrkoH(61) — qi[ko H(61) — k1 H(6*)] < II. And
when ¢, = 0, IT* = II3.

3. If 6 € [Bk, 62], then II*(qn, q1) = qrkaH (01) + qi[ki H(0*) — ko H(6:1)] < II§. And

when g, = g, II* = 113.

Given that profits are maximized in the first and second regions when ¢; = 0, and in
the third region when ¢; = g5, none of the above support versioning. Referring back
to the comparison between Proposition 2.1 and 2.4, in the first and third region of
Figure 2.3 the monopoly one consumer group solution obtains. In the second region

the monopolist serves only higher segments, and profits fall as 6* rises.

2.5.2 Vertically Differentiated Goods with Group Related Characteristics

From our analysis with horizontally differentiated goods, we found that if all charac-
teristics are valued equally by all consumers regardless of group, then versioning is
not optimal although there are multiple groups in the market. However, with ver-
tically differentiated goods versioning is optimal with multiple groups and upwardly
aggregated preferences. To show this we assume that characteristics are “group re-
lated”, while still allowing consumers to differ in their individual tastes. This means
that if characteristics set X; is related to group 1, then not only consumers in group
1 have group taste k;, all the higher taste groups also have group taste k; for the

characteristics set X;. More generally, if X is related to group 4, then consumers that
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belong to a higher group have the group taste k; for the characteristics set X;, and
consumers who belong to a lower group place a zero value on X;. The typical example
is the Windows Operating Systems. Characteristics designed for the Home Edition
are valued by both home users and power users while speciai features designed for
Professional Edition are only valued by power users.

To more concretely define group related, let us suppose that the highest quality
information good X with quality index ¢ is made up of all group related charac-
teristics {X1,Xa, -+, Xn} with relevant quality indices {q1, ge,- -, qn}. We assume
there is no overlap between any two sets of characteristics, which means X; N X; =0
for ¢ # j. Then the utility function of a consumer in group ¢ for information good X
is

Ulgn, 0, k;) = ezkt%, for 0 € [6;-1,0;).

t=1
In this case, if versioning is optimal, then versioning strategies must be bottom-up.

This means that the higher quality version includes all the characteristics related
valued by lower groups. The monopolist’s optimal price relationship between any

two segments ¢ and j (j > %) with neighboring versions of the information good is

J
D =D + 6 Z ktqt, for 6 € [9j_1,9j).

t=i+1

Using this relationship we have the following theorem:

Proposition 2.5 With multiple groups and vertically differentiated goods, if all the

characteristics are group related, then

1. Using the definition of 8* from Proposition 2.1 and segment e which contains 6*

from Proposition 2.4, verstoning is optimal only if 6* < On_;.
2. The optimal versioning strategies are

o Any segment i that is lower than e (i < e) s not served,
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o Segment e is provided the version with quality Y 7, g, the optimal price is
Pe = 0" Z§=1 k:qs,
o Any segment j that is higher than e (§ > e) is provided a version with

quality 2%:1 q:, and the optimal price is p; = 3¢, kg0 + E{:e-}-l kiqi0;_1.

Based on the strategies in Proposition 2.5, the total monopoly profit is IT* =
¢ kg H(0*)+ 5N, 1 kegiH (65—1). More generally, for group related characteristics,
when versioning is optimal, all segments that are higher than e are covered.

We extend the two-group example from the previous sub-section to illustrate ver-
sioning strategies with group related characteristics. Here we have ¢; as the quality of
group 1 related characteristics X; and g, as the quality of group 2 related character-
istics X,. Figure 2.4 illustrates the comparison of profits between versioning and not
versioning (Because providing X; to both groups is never optimal, we do not show
this case).

For Figure 2.4, we know that if 0, € [6, 0*], then segment 2 is not covered and if
6, € (6*,0,), then segment 2 is covered. From Proposition 2.5, we have two regions

to consider when the monopolist does not version:
1. If 6, € [0y, 6%], then optimal profit is II} = (kig1 + kage) H(8%).
2. If 6, € (6%,0,), then optimal profit is 1T = (k1q; + keg2) H(61).

Only in the second region does optimal profit depend on 6;. Suppose the monopolist

considers versioning. Then,

1. If 6; € [0y, 6], then optimal profit is ITY = kogo H (%) + k1q1 H(6,) < IIf, which

means versioning is not optimal;

2. If 6; € (6*,0,), then optimal profit is I} = kyq H(6*) + kago H(6;) > I3, which

means versioning is optimal.
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Figure 2.4: Profits under Vertical Differentiation with Group Related
Characteristics

In this second region, where segment 2 is covered by a monopolist with a single
version and some consumers in segment 1 also purchase this version, the gains from
versioning (in this case, two versions) increase with the proportion of segment 1 that

purchase the single version.

2.5.3 Versioning Costs and Segment Aggregation

Although variable costs of reproducing information goods are negligible, in certain
cases the costs of providing an additional version can be significant. If versioning is
optimal and versioning costs are significant, then the monopolist has an incentive to
aggregate one or more segments to reduce the number of versions. We use vertical

differentiation with group related characteristics discussed in the previous sub-section
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to show how versioning costs may impact versioning strategies.

We know from Proposition 2.5 that without considering versioning costs, con-
sumers with taste 8 € [0, 6*) are not served while consumers with taste § € [6*,0n]
are served with versions according to which segments they belong to. Hence, the
served segments are e,e+ 1,---, N. Each segment ¢ (¢ > e) is provided with a differ-
ent version, the total number of versions provided is N — e + 1, which we denote as
Uy«

To model this problem in a non-trivial way, we suppose that the optimal number of
versions provided by the monopolist is at least two, v, > 2. We define C(7) to be the
versioning cost function when 7 versions are provided, 7 € {1,2,---,v,}. To make
the versioning costs general, we take C(7) as non-decreasing, and C(1) = 0 as when
only one version is provided, no versioning costs are incurred. C(7) is determined by
technical and marketing parameters known to the monopolist.

We define L(s) as the least profit loss function when s segments are aggregated,
s€{0,1,2,---,vp_1}. It means when the monopolist aggregates s segments, L(s) is
the least possible loss in total profit among all the possible aggregation of s segments.
L(s) is strictly increasing with s because the more segments are aggregated, the
greater the profit loss. Also we have L(0) = 0 because when there is no aggregation,
there is no profit loss. Figure 2.5 illustrates the profit loss when aggregation occurs.

Now we can start to work through the algorithm for determining the optimal
aggregation strategy. First, let us consider the profit loss when the monopolist ag-

gregates one segment.
1. If segments e and e + 1 are aggregated, then the monopolist has two options:

o Merge segment e into segment e- 1. The best strategy is to close segment

e and serve segment e+ 1 with quality 3¢ ;. Thus, the price for segment
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Figure 2.5: Versioning Costs and Aggregation

e+ 1 is increased t0 pey1 = 0 S04 kiqt, the profit loss is AL, = [H(6*) —

H(ee)] Zf:l k:q;.

e Merge segment e + 1 into segment e. The best strategy is to serve both

segments e and e+1 with quality >°7_; ¢;. Thus, the price for both segments

is pe = 0% 3201 ki, the profit loss is Alley; = e+IQe+1[H(9e) - H(ee+1)]'

2. If segments j and j + 1 (where j € {e+ 1,e+2,---, N — 1}) are aggregated,

then the monopolist has two options:

o Merge segment j into segment j+ 1. The best strategy is to serve segment

§ + 1 with quality 0] ¢, with price Pit1 = Dj—1 + (kg5 + Kjr19541)0;.

Thus, consumers in segment j will purchase version for segment 5 — 1 at
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price Dj—1. The proﬁt loss is AHJ = quj[H(Hj_l) - H(OJ)]

o Merge segment 7 + 1 into segment j. The best strategy is to serve both
segments 7 and j+1 with quality 37_; ¢;. Thus, the price for both segments

is p; = pj—1+k;q;0;-1, the profit loss is All;11 = kj1qi41[H(0;)—H(0;41)).

We define AL, = min{All,, All,4y, -, Ally}. Thus we get L(1) = AIl,, and
segment m is merged into its neighboring segment. From the versioning costs function
C(7), the costs saving due to the aggregation of one segment is C(vp) — C(vp—1). I
C(vm) — C(vm=1) > L(1), which means costs saving due to aggregation is larger than
profit loss, then aggregation is optimal, otherwise aggregation is not optimal.

Based on the same logic, our next theorem states our algorithm for the information
goods monopolist to determine the optimal aggregation of segments when versioning

costs are significant.

Proposition 2.6 The following algorithm determines an optimal solution for the

information goods monopolist to aggregate its segments.

1. The following steps are designed for determining L(s).
Denote 4,7 € {e,e+1,---,N} as the segment to be merged, AIl; as the relevant

profit loss. Initiate a parameter s =0 and a vector g(s) = 0.

Step 1. If j = e, then AIl; = [H(0*) — H(0e)] Xf=1 k-
Ife<j <N, then All; = [kj_1gj—1 — k;q;) H(6;).

Step 2. If All, = Allgyy = -+ - = Ally = 0, then stop.
Otherwise, s = s+1, g(s) = {j : min(AlL;, for j € {e,e+1,---,N}and All; >
0}, L(s) = ALy, |

Step 8. If j = e, then set kjy1gjr1 = ki + k505, k505 = kjragie, H(O*) =
H(6,);
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Ife <j <N, then set kjy10j41 = Kj41541+Ki 05, k305 = ki, H(05-1) =
H(0;);
If j =N, then set H(0;—1) = H(0;);

Return to step 1.

2. Determine the optimal aggregation arrangement.
If foralls € {1,2,---,N — 1}, C(vy,) — C(vm — s) < L(s), then aggregation is
strictly sub-optimal.
Otherwise, we setl = maz{s : C(vm) — C(vm —$) —L(s), for s € {1,2,---,N —
1}}. The optimal aggregation arrangement is
a. | segments will be merged.

b. The merged segments are : g(1),9(2),---,g(l).

2.6 Conclusions

In this paper we investigated conditions that determine when an information goods
monopolist chooses to implement versioning strategies. We showed that versioning
strategies are implemented only when different groups of consumers can be clearly
defined. In other words, versioning cannot be used to segment a market, rather,
versioning strategies must fit the existing market segments. Our optimal versioning
strategies are in accordance with Shapiro and Varian’s (1999) suggestion that ver-
sions should be designed to accentuate the differences between groups in their tastes.
We demonstrated that in a horizontally differentiated market, if there is no cross-
purchasing, then it is optimal to provide one version for each segment. Otherwise,
the monopolist shrinks the market in the lower-end segment to protect profits in the

higher-end segments. As a special case of horizontal differentiation, vertical differen-
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tiation is not optimal when characteristics of information goods are undifferentiated
to different groups. To explain multiple versions in vertical differentiation, we in-
troduced group related characteristics and showed that a lower version is provided
only when all higher segments are covered. We further investigated how versioning
costs impact versioning strategies and designed an algorithm to determine the optimal
aggregation of segments when versioning costs are significant.

Our contribution lies in two aspects. First, although most of the previous research
focuses on vertical differentiation, we treat information goods as a combination of
characteristics so that we link horizontal differentiation with vertical differentiation.
In our model, we made a transition from horizontal differentiation to vertical differ-
entiation and showed how versioning strategies change during the transition. Second,
we introduced a group taste to successfully explain the existence of multiple versions.
Much of the previous research (Bhargava and Choudary 2001, Jones and Mendelson
2005, etc.) using linear utility without group tastes found only one version is optimal.
Other assumptions such as network externalities (Jing 2002), non-linear utility (Ghose
and Sundararajan 2005, Bhargava and Choudhary 2007) and consumers’ outside op-
tions (Chen and Seshadri 2007) have been needed to show that multiple versions can
be optimal. We kept the linear (multiplicative) utility function form because it is
easy to understand and convenient for empirical estimation.

There are several limitations in our modeling framework. Our modeling results
are based on assumptions such as linear utility and a positive relationship between
group taste and individual taste. In addition, the introduction of group related char-
acteristics explains versioning in vertical differentiation, but we recognize that it is a
special preference structure. Future research may relax some of these assumptions,
and can address additional issues. Previous research demonstrates empirically that

in the Internet-based book market used-book sales cannibalize new-book purchases,
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increasing welfare (Ghose, Smith and Telang 2006), and there is no similar empirical
research on versioning of information goods. In addition, our paper studies monopoly
versioning strategies, and we expect that competition (Jones and Mendelson 2005,
Wei and Nault 2006, etc.) has the potential to make a significant difference in these

strategies.



Chapter 3

ESSAY TWO: EXPERIENCE INFORMATION
GOODS: TECHNOLOGY DIFFUSION AND

VERSIONING STRATEGIES

3.1 Introduction

Development of information technology has made information goods popular. Char-
acterized by large sunk costs of development, and negligible costs of reproduction and
distribution, information goods are distinct from traditional physical goods (Shapiro
and Varian, 1999). Products such as computer software, online contents and digital-
ized music, movies and books fall into this catego}y (Jones and Mendelson, 2005).

Interestingly, most information goods show features of experience goods (Chel-
lappa and Shivendu, 2005). Different from search goods whose quality can be aeter-
mined before purchase by actual inspection, quality of experience goods is realized
only after consumption (Nelson, 1970, Wilde, 1981). For example, it is difficult for a
software producer to describe all the features of the software to communicate its true
quality before purchase. Even if the producer includes all the features in the manual,
consumers may not appreciate the true value of the software until they actually use
it. The more a consumer actually experiences the software, the better she knows its
true value.

The concept of experience goods is originally due to Nelson (1970), who contrasts
an experience good with a search good. When a new product or service is introduced,

potential users typically have imperfect information about the product’s attributes,

34
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even though these characteristics may be important to them. A critical source of in-
formation about the product is actual experience with it (Nelson, 1970, Wilde, 1981,
and Shapiro, 1983). Shapiro (1983) examines pricing of experience goods under both
optimistic and pessimistic cases with a multi-period model. He finds that when con-
sumers are optimistic, producers can milk the reputation via a declining price path
followed by a jump to a terminal price. And when consumers are pessimistic, produc-
ers have to build up the reputation by using a low introductory price followed by a
higher regular price. Kim (1992) proposes a two-period model to investigate pricing
strategies for experience goods according to the credibility of price precommitment of
the producer. His model shows that if the producer can credibly precommit, it is opti-
mal to set a high price in the first period and a low price for the second period. If the
price precommitment is not credible, then the results reverse. Other research about
experience goods includes Riordan (1986) who constructs a model of monopolistic
competition of experience goods, Liebeskind and Rumelt (1989) who analyze market
for goods with uncertain product quality, and Villas-Boas who (2006) considers the
dynamic competition implications of experience goods. Previous research mostly fo-
cuses on non-durable experience goods with repeat purchases. However, information
goods are durable goods and consumers buy at most one unit of the good.

In order to communicate the true quality of their information goods, some produc-
ers distribute free demonstration versions, and others even send out free trial versions.
Recently, Microsoft has adopted a versioning and upgrading strategy for the delivery
of Windows Vista. Windows Vista has four versions: Home Basic, Home Premium,
Business and Ultimate. Windows Vista anytime upgrade (http://www.microsoft.com)
allows consumers to upgrade from a lower version to any of the higher versions by
purchasing the corresponding upgrade license.

Without upgrades, providing four versions of Windows Vista is normally referred
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to as “versioning”.} Versioning is second degree price discrimination: “offer a product
line and let users choose the version of the product most appropriate for them”
(Shapiro and Varian, 1999). Thus, information goods producers can easily provide
vertically differentiated products, thereby segmenting the market to maximize profit
(Wei and Nault, 2005). To implement versioning, producers usually produce a flagship
version and disable some functionalities to generate subversions. All versions are
delivered to separate targeted market segments.

Versioning and pricing strategies of information goods have been studied in various
contexts such as network externalities (Jing, 2002), competition (Jones and Mendel-
son, 2005, Wei and Nault, 2006) and anti-piracy (Wu, Chen and Anandalingam,
2003). They all reach the conclusion that vertical differentiation is not optimal
without certain constraints, consistent with Bhargava and Choudhary (2001). Nault
(1997) finds that inter-organizational information systems (I0S)-based quality differ-
entiation could effectively separate consumers and reduce competition in a duopoly.
Sundararajan (2004) shows that fixed-fee and usage-based pricing can be used to-
gether to maximize profits.

Combining experience and information goods together, Chellappa and Shivendu
(2005) model pricing and sampling strategies for digital experience goods in vertically
segmented markets to manage piracy. They find that piracy losses are more severe
for products that do not live up to their hype rather than for those that have been
undervalued in the market, thus requiring a greater deterrence investment for the
former. To the best of our knowledge, our research is the first to combine experience
information goods and versioning strategies.

In this paper, we analyze versioning strategies of experience information goods

1The demos and trial versions mentioned above can also be treated as a subversion of the final
product. In that sense, providing demos and trial versions is versioning as well.
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under two different payment arrangements: a lump sum payment arrangement and
a periodic license fee arrangement. With lump sum payments, consumers pay once
to have ownership of the good. Thus, the monopolist can offer different versions
and provide upgrades to maximize profits. Allowing upgrades makes versioning more
complicated. For versioning with upgrades, we examine how a monopolist decides
prices for different versions and for upgrades, and how upgrade strategies impact
consumers’ choices and subsequent versioning strategies. Using a two-stage model
where consumers can I;urcha,se in the first stage and those who chose a lower quality
can upgrade in the second stage, we show that versioning is a useful strategy for the
monopolist to fully reveal the quality of its goods. To maximize profits, the monop-
olist generates vertically differentiated versions of its information goods, and designs
mechanisms for consumers that purchase lower quality versions to upgrade to the high
quality version after having experienced the low quality version and learned its true
quality. We find that if consumers have homogeneous initial expectations about qual-
ity, then the monopolist’s optimal pricing strategy is to drive all the consumers who
buy the low quality version in the first stage to upgrade to the high quality version in
the second stage. In this way, consumers that upgrade pay a tax for learning. When
consumers ha,;/e heterogeneous expectations, we find that if consumers are pessimistic,
then the monopolist’s optimal pricing still drives all consumers to upgrade. However,
if consumers are optimistic, then under certain conditions, only some consumers that
purchased the low quality version in the first stage upgrade. With periodic license
fees, consumers are charged for the usage of the good for a period of time. Thus, the
monopolist may provide different versions in different periods to attract consumers.
We find that for pessimistic consumers, versioning strategies are implemented by the
monopolist only if some consumers are already informed of the true quality. While

for optimistic consumers, the monopolist provides only one version.
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The rest of the paper is organized as follows. We set up our notation and as-
sumptions in Section 3.2. In Section 3.3 we present a two-stage, two-version model of
experience information goods with both homogeneous and heterogeneous consumer
expectations with lump sum payments. We explore versioning strategies with periodic
license fees in Section 3.4. Discussions and future research are included in Section

3.5.

3.2 Notation and Assumptions

Our models involve a monopoly producer and heterogeneous consumers. Each con-
sumer purchases either zero or one unit of the good per period. We denote an individ-
ual consumer’s taste as 6 which is normalized to be in the interval [0,1]. We assume
that @ has probability density and cumulative density functions f(0) and F(0) to set
the population to unity. The density is strictly positive over its support and contin-
uously differentiable. Following Bhargava and Choudhary (2001), Jing (2002) and
Sundararajan (2004), we make the following assumption about the distribution of

consumer tastes:

Assumption 3.1 The reciprocal of the hazard function, -1%1;)@, 18 non-increasing in

6.2

We denote the true quality as ¢ € [g,q], where 7 is the highest possible quality
and g is the lowest quality that reasonably can be used. In the lump sum payment ar-
rangement, consumers get utility from ownership of the goods. In the periodic license
fee arrangement, consumers receive utility only for the usage of the goods during the

specific period. We take a consumer’s utility to be multiplicative in taste and quality.

2 As discussed in Bhargava and Choudhary (2001), this assumption is satisfied by common distri-
butions such as the uniform, normal, logistic, chi-squared, exponential, and Laplace distributions,
and any distribution with increasing density.
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In that sense, a given consumer has constant marginal value for quality. The infor-
mation good produced by the monopolist is an experience good in our model, which
means before purchasing and using, an uninformed consumer only has incomplete
information about quality. The expected quality of the information good before use
is denoted by E(q,0). After using the good, the informed consumer learns the true

quality. This is our second assumption:

Assumption 3.2 For informed consumers, U(q,0) = 6E(q,8). For uninformed con-

sumers, U(q,0) = 0q.

We denote price of the information good as p. Consumers select 'their favorite
good to maximize their surplus U(g, §) — p.

We assume a monopolist has developed a high quality information good, called
the flagship version, which can be easily degraded to generate multiple vertically
differentiated sub-versions. In our models, we assume a monopolist provides only
two vertically differentiated versions of the infor.mation good, high and low, with
accordant quality levels ¢, and ¢ where ¢; < g3, and prices for these two versions -
are pp and p;, respectively. The high quality version g is developed first, and the
subsequent degraded version ¢; is generated through versioning. We denote _Hl as the
consumer that is indifferent between purchasing ¢; and not purchasing. Thus, we

have
o =U(q,0)- (3.1)

We denote 8, as the consumer that is indifferent between purchasing ¢, and purchasing

qi- Thus, we have

U(gn,0r) — pn = U(aq, On) — 1. (3.2)
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3.3 Versioning Strategies with Lump Sum Payments

With lump sum payments, consumers take ownership of the information good after
purchasing. This payment arrangement applies to sales of most information goods
such as desktop operation systems (Windows series), digital music, movies and pic-
tures, etc. For experience goods that consumers’ expectations of quality are different
before and after purchase, the monopolist also provides upgrades for consumers who
initially purchase the low version to switch to the high version.

For two vertically differentiated versions of an information good with qualities gp,
and ¢;, we assume that the monopolist provides a mechanism for the consumer to
upgrade from the lower version q; to the higher version g. Let p, be the price set by
the monopolist for consumers to upgrade from ¢; to g,. We have the following lemma

for the prices relationship of different versions and the upgrade.
Lemma 3.1 For a monopolist that offers upgrades, pp — pi < Pu.

Proof. If py, — p; > py, then any consumer who wants to buy g, is better off buying
q; instead and upgrading to Gu. O

The monopolist can easily set the upgrade price equal to the price difference of the
high and low version without loss of profits. Thus for a profit maximizing monopolist,
the price set for an upgrade is not lower than the price difference of the high and low
quality versions. In the following, we analyze versioning and upgrading strategies
of a monopolist when the consumers’ expectations for quality are homogeneous or

heterogeneous.

3.3.1 A Model with Homogeneous Expectations

Our setting is a two-stage model where consumers choose whether to purchase a good

in the first stage, and consumers that chose to purchase a low quality good in the
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first stage have the opportunity to upgrade in the second stage. Following Shapiro
(1983), we assume for the moment that initial expectations for either version do not
depend on consumer taste: F(g,8) = E(g). Let the expected qualities for the goods
be E(q) = R, and E(gp) = Rp.

In the first stage, consumers make their purchasing decision based on the expected
qualities R, and R;. As illustrated in Figure 3.1, the ‘market is divided into three
segments. Consumers with tastes lower than 6; do not purchase, with taste between
6, and 6, purchase ¢ (with expected quality R; in this stage), and with tastes higher
than @), purchase g, (with expected quality Rj, in this stage). Consequently, the

Dot buy Buy q Buy qn
) A

F
f ¥ A ¥

| | !
| | i
0 9, 0,

JEEEL " RN S

Figure 3.1: Market Segmentation of Information Goods

demand for the high quality version g is 1 — F'(6) and the demand for the low
quality version ¢; is F'(8,) — F(6;).

In the second stage, after purchasing and experiencing the good, consumers know
the true quality of the goods. Here we assume that consumers who have purchased
and experienced either the high or low quality version know the true quality levels of
both versions. Some of the consumers who purchased the low version may upgrade to

the high version. We denote 8,, as the consumer that is indifferent between upgrading
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or not when the price for the upgrade is p,. Thus, we have

U(gh, ) — Pu = U(q, 6u)- . (3.3)

As indicated in Figure 3.2, consumers with tastes between 6, and 6, upgrade
from the low quality to the high quality version and the demand for the upgrade
is F'(0y) — F(6,). For upgrading to be a feasible strategy for the monopolist, some

upgrade

X

Figure 3.2: An Upgrade Model

consumers must choose to upgrade. The condition that makes upgrading feasible is

our second lemma.
Lemma 3.2 For consumers to upgrade, it is necessary that Ry, — Ry < g, — qi.

Proof. To allow a positive number of customers to upgrade from the low quality ver-

sion to the high quality version, we must have 6,, < 8;,. From (3.3), we have 6, = ﬁ.

And from (3.2), we have 6, = %{%. Thus we get E;%E < ﬁﬁ{%. From Lemma 3.1,

we have p, > pp—pi, SO we have 1 < E% < 7%15}%. Thus, we get R,— Ry < gp—q;. O

Lemma 3.2 says that the difference in the true quality of the two versions, learnt

after experience, must be greater than the difference in expected quality for any
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consumers that chose the low quality good in the first stage to upgrade in the second
stage.

The monopolist sets prices pp, p; and p, to maximize profits from both stages.
We denote the discount rate for profits in the second stage (as compared to the first
stage) asd € (0,1]. ¢ depende on the time gap between the two stages and the interest
rate. The discount rate can also be written as § = e~"*, where r is the interest rate
and t is the time between stages.

From the demand analysis in the previous section, monopoly profits are®

max II = [1 - F(Gh)] [95 R; + [Rh - Rl] eh] + [F(Qh) - F(Ql)] 0, R;

ohiol’ou
+ 6 [F(@h) - F(@u)] [qh — ql] Oy, 20, < 0,

where 0, < 0 is inferred from the proof of Lemma 3.1. The Lagrangian for this
problem is £ = II + A(6, — ;). Because 05, 6, and 6, are positive, the first-order

(Kuhn-Tucker) conditions are

Lo, =[1— F(6n)] [Bn— Ri] — f(6n) [Bn— Ri] On+ 5 f(On) [gn — @] 0. =0, (3.4)

Lo, =6 qn — @] [F(0n) — F(6u) — £(6u) 0u] + A =0, (3.5)
Eel = [1 - F(@l)] Rl - f(el) 9[ Rl - A= 0, and (3.6)
ﬁ,\=9u-9120, if>, A=0. (37)

For (3.7), we first assume that the constraint is not binding, which means 6, > 6; and

A = 0. Substituting back to (3.5) and (3.6), we have §, = ﬂe—’}%@ and 6; = 1—}—(%%-2.

From Assumption 3.1 that the hazard function is non-decreasing, we get 8, < 6;, as

illustrated in Figure 3.3 below. This violates our constraint (3.7). Therefore, we must

3Tt is equivalent that the monopolist chooses optimal 8y, 0; and @, instead of pp, p; and p,.
Proofs are available upon request.
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Figure 3.3: A Market When Everyone Upgrades

conclude that the constraint is binding, which means 8, = 6, and A > 0. Substituting

back to (3.4), (3.5) and (3.6), we have

s a—@ , _ 1= F(6)
On =05 Ou = e (3.8)
and
eu _ 9[ — Rl 1-— F(Gl) 0 [qh - ql] F(@h) - F(el) ' (3.9)

Ri+6[gn—aq) f(O) R+ 6 [an — q f(0)

From 6, = 6;, we find that all the consumers who buy the low quality version in the
first stage upgrade to the high quality version in the second stage.
We can compare our solution with the case when an upgrade is not offered by the

monopolist. In the case of no upgrade, the monopolist’s profit function is

maxIl = []. — F(@h)] [HlRl + [Rh — Rz] 9},,] -+ [F(@h) — F(Ol)] 0,R;.

Ohrol
The first-order conditions with respect to 8, and 6; generate

1 — F(6y)

_1-F(6)
f(0r) .

Oh = and 91 = f(el)
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The non-decreasing (monotone) hazard function means that there is unique solution
for 8 = [1 — F(6)]/f(9), which we indicate as #*. Thus we have 6, = 6, = 6*.
Consistent with literature in versioning (Bhargava and Choudhary, 2001; Jones and
Mendelson, 2005) in absence of offering an upgrade, there is no need for the monopolist
to version its information good. |

Now let us return to the solutions when the monopolist offers upgrades. From
(3.8) we know ), — 66, [qrn — qi] / [Rr — Ri] < 6, thus (3.8) generates the solution
6, > 6*. From (3.9) we know

R 1— F(6) Slgn—aq] F(6n) — F(0r) < 1 - F(6))
Ri+d[gn—a] f(0) Ri+d[gn—a)  f(6) (@)

thus we have 6, < 8*. These solutions are illustrated in Figure 3.4 below. The result
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Figure 3.4: Solutions of the Two-version Situation

is that 0, < 0* < 0y, meaning that for experience information goods with upgrades,
the monopolist adopts versioning to maximize profits. This implies that an upgrade

strategy is profitable.
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However, the fact that all the consumers who purchase the low quality version in
the first stage upgrade to the high quality version in the second stage indicates that
the low quality version serves as a bridge for consumers who purchase the low quality
version to learn the true quality of the information good. In the final stage, all the
consumers adopt the high quality version. Thus, consumers who purchase the low
quality good in the first period pay a tax p;+ py, — pa fo'r learning through experience.

To summarize, we have the following proposition.

Proposition 3.1 If all consumers have homogeneous initial expectations about the
goods, then the monopolist’s optimal strategy involves versioning and upgrades; all
consumers who purchased the low quality version in the first stage upgrade to the high

quality version in the second stage.

We notice that for homogeneous consumer expectations, demand for g and g
and upgrade does not depend on whether consumers are optimistic (Rp > g5 and
R, > ¢) or pessimistic (Ry < g, and R; < ¢;). However, the optimal prices p, and
p; are directly related to Rj and R;. The higher the initial expectations are, the
higher are the prices for both versions thus the higher the profits. Hence, positive
advertisement that raises expectations can effectively increase profits of the sales of
experience information goods. Because price and demand from upgrades is indepen-
dent of initial quality expectations, so are the profits from upgrades. The only way to
increase profits is to shorten the learning process, thus increasing the discount factor

0. Online training may work toward this end.

3.3.2 A Model with Heterogeneous Expectations

In this section we relax the assumption that the initial expectations of quality are

homogeneous and assume that the initial expected quality of the goods depends on
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consumer taste 6, which means before experience, E(q,) = Ry(8) and E(q) = Ri(6).
We normally would expect that a higher taste consumer has more accurate expecta-

tions of the true quality of the goods. Thus we make the following assumption:

Assumption 3.3 As 0 increases, the gap between expected and actual quality de-

creases: ¥0; > 6;, |R(6;) — ;| < |R(8;) — ¢4

From Lemma 3.2 we know that in order for some consumers to upgrade from the
low to high quality version, the real quality gap between the two versions must be
nondecreasing with consumer taste. We make the following assumption to extend

this result:

Assumption 3.4 The difference between the expected qualities of the high and low

verstons is nondecreasing in 0, which is

d[Rn(0) — Ry(9)]
do

> 0.

This assumption is reasonable because lower taste consumers are normally not as
sensitive to differentiating quality levels.
Substituting the same price relationships (3.1), (3.2) and (3.3) into the profit

function, we have

guax I = [L—F(6u)] [0 Ri(8) + [Ra(6n) — RelOn)] On] + [F(0n) — F(O) 6 Ru(8)

+ 0 [F(6h) — F(0u)] [an — @ bu, 360 < O

The Lagrangian for this problem is £ = II + A [0, — 8)]. Because 8, 6, and 8, are

positive, the first-order (Kuhn-Tucker) conditions are

Lo, = —f(0n) [Rr(0r) — Ri(04)] 6n + [1 — F(6n)] [Ru(Or) — Ri(64)]
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+ [1 = F(0n)) [RA(8n) — By(0)] 6 + £(6n) [an — @110 = 0, (3.10)
Lo, = bgn — @ [F(6r) — F(0u) — £(6u)0u] + A =0, (3.11)

Lo, = [L = F(O)} [Ru(6h) + 0.Ry(0)] — f(O1)0iRu(6)) — A =0, and (3.12)

Ly=0,—-0,>0, if >, A=0. (3.13)
From (3.10) we get
1 — F(6y) 1(0n) — Ri(6n) ah—qQ 1 — F(6)
0, = ——— " |1 40,=2 + 66, >
" (6n) " Ri(0r) — Ru(0n) Ru(0n) — Ru(6n) ~  F(6n)

Thus we get 6, > 6*, where the latter is the indifferent consumer for a monopolist
with a single good. From (3.13), we first assume that the constraint is not binding,

which means 6, > 6, and A = 0. Substituting back to (3.11) and (3.12), we have

F(6)—F(6y) _ 1-F(fu . X _ 1=F@) [ 4 Ri@)
0, = ( ’})(9 )( ) < f(o( ) ), from which we get 6, < 6*, and ; = ﬁ)—’l [ 52(7391]
To solve 6;, we have to consider two situations. The first is when all the consumers
are pessimistic, which means that R;(6) < ¢; and Ry(0) < g. From Assumption 3.4,
we have Rj(6) > 0. Hence,
6, = 1— F(6)) [1 Rl(Hl)el] 1—F(6)
f(6) Ri(01) &)

which results in 6, > 6* > 6,. This violates our constraint (3.13). Therefore, the

constraint must be binding, which means 6, = 6,,. This indicates that all consumers
who purchased the low version upgrade to the high version, which is identical to the

case of homogeneous consumer expectations. Thus, we have the following proposition.

Proposition 3.2 If consumers have heterogeneous initial expectations and are pes-
simistic, then all the consumers who purchased the low quality version in the first

stage upgrade to the high quality version in the second stage.

In the second situation, we assume that all the consumers are optimistic, which

means that R;(0) > ¢ and Ry(6) > g;. From Assumption 3.4, we get R;(6) < 0. So
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we have

L, _1=F@) [, Ri6) 1— F(6)
=7 F+Rbﬂ @)

Thus we get §, < 6*. Since 0, is also less than 6*, we require an additional condition

(91:| <

to determine the relative magnitude of §; and 6,. We derive this condition in the

following proposition.

Proposition 3.3 If consumers have heterogeneous initial expectations and are opti-
mistic, then a sufficient condition for only some consumers who purchased the low

quality version in the first stage to upgrade is that V0, I%%HI > 1.

Proof. Because 6, > 6* and 6;,0, < 6%, it is straightforward that 8;,8, < 8. To get

0, < 6,, it is equivalent that

Simplifying,
_R(0), 1= F(6)
Ri(9) 1—F(6)°

For 6 < 0y, we have %(%’32 < 1. Because Rj(f) < 0, we have —%%9 > 1. Thus,

Rl(0 - o
_ngege > 11_12%‘)), which implies 6, < 6,. O

Under the condition in Proposition 3.3, some consumers who purchased the low
quality version choose to upgrade to the high quality version, and others continue to

use the low version.

3.3.3 Endogenized Qualities

In our model, we treat qualities as exogenous variables. Here we discuss the optimal
quality levels a monopolist chooses when qualities of the information good are endo-

genized. To endogenize qualities of both versions, we denote the development cost
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function C(q) and versioning cost function V(g). We assume both costs are not de-
creasing in quality, which means C’(¢) > 0 and V’(q) > 0 for ¢ € [g,q]. Let us denote
the optimal indifferent consumers as 85 (gn, @t), 6; (qn, @1) and 8%(qn, ¢1), respectively.

When qualities are endogenized, the monopoly profits are

N(qn, a) = I1(6},(qn, @), 07 (gn, @), O lan, @1)) — Clan) — V(q).

Dropping the arguments (gp, ;) of II for convenience, the first order conditions with

respect to g generate

oII6; UG  OUG: Ol
Zhiy 2oL 2 ey 2 o =0. 3.14
a0 a  o0an  da O (3.14)

Due to the envelope theorem, we have 0I1/96; = 0, 8I1/06f = 0 and 9I1/96;; = 0.
For both homogeneous and heterogeneous consumer expectations, we get 9I1/86;, =

S[F(8%) — F(62)]6x. Thus,
C'(qn) = S[F(6;) — F(6;,)10;,

which means the optimal quality of the high version is determined by the development
cost function. When we take the first derivative of the net monopoly profits with

respect to ¢;, we have

ON(gn,q) OUG: OIgr ome; oI ol
2N Ok T ey T = 2= —V(q).
b 90 a dGa dma g L WTg V@

For both homogeneous and heterogeneous consumer expectations, we get

31—'[ sk % ES
5 =~ —~ FE),
so that

“ 8N(Qh) Ql)
Oq,

It means the lower the quality of the low version, the higher the net monopoly profits

= —3F(6}) — F(8.))6% — V() < O.

and the optimal quality of the low version should be reduced to the lowest quality ¢
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that reasonably can be used to reveal the quality of the high version. So a feasible
solution for the monopolist is to minimize the quality of the low version that contains
just sufficient information to reveal the true quality of the information good. It well

explains why a monopolist tends to offer trail version or demo.

3.4 Versioning Strategies with Periodic License Fees

In the previous model the monopolist charges a lump sum for different versions and
consumers take ownership of the good forever. However, information goods are often
rented or shared (Varian, 2000). A typical example is computer software such as
Norton Antivirus, which can easily be shared with site licenses, license servers and
similar technology (http://www.symantec.com). The providers charge license fees by
duration of use and consumers receive updates to the information goods during the
period the license is in effect. In this section, we analyze the monopolist’s versioning
strategies when information goods can be charged with periodic license fees.

We assume there is no initial payment added to the periodic license fees. With pe-
riodic license fees, consumers make decisions whether to buy or not, and which version
to buy for each period. The monopolist applies pricing and versioning strategies to
maximize its current value of profits over all periods. For simplicity, we only analyze
the case with homogeneous consumer expectations, either optimistic or pessimistic.

We assume all the transactions occur instantly at the beginning of each period. At
the beginning of each period, the uninformed consumers have expected quality R and
informed consumers know the true quality g. We denote 0,4 as the informed consumer
with lowest individual taste. Thus, at the beginning of each period, consumers in
[0, 8,14) expect R and consumers in [fo4, 1] know ¢. In the following periods, consumers

who purchased in any previous period know the true quality g.
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3.4.1 Pessimistic Consumer Expectations

For pessimistic consumers, R < ¢, and the monopolist has an incentive to reveal the
true quality of the goods (Shapiro, 1983).

Current Period: To start, we consider the situation when the monopolist only max-
imizes the profits of the current period. Because there are two groups of consumers,
a maximum of two versions are provided by the monopolist. For pessimistic expec-
tations, informed consumers always have higher reservation prices than uninformed
consumers, thus the market is continuously segmented, as illustrated in Figure 3.1.

The monopolist’s profit function is

maxIl = [1 - F(Gh)] [OlRl + [qh - ql] Gh] + [F(Qh) - F(@l)] 01Rl.

0,01

For the monopolist to maximize profits of the current period, we have the following

corollary (proofs are in Appendix B):
Corollary 3.1 Let 6* be the unique solution for 8 = [1 — F(6)]/f(6).

1. For B4 € [O,b*] , the monopolist provides only qn and p, = 0*qn. The optimal
profits are: TI* = 6*qp[1— F(6*)]. At the end of the period, consumers in [fq, 1]

are informed.
2. For O, € (0%,1], the following conditions apply:*

o Case 1: If %H,i(gz—’)‘iu < min %, —qf-—gl}, then the monopolist provides

only gn. The optimal profits are: II; = 0*Ry[1 — F(6*)]. At the end of the

period, consumers in [6*,1] are informed.

4 Conditions in Cases 1, 2 and 3 are exhaustive. For # > —L, we have £n o~ < —qf‘:—f;’h. Case

onl(l 1-F oold 90!{1 1-F oold _lL
1 becomes ——L—L—HO,[I Fo5) < &b Case 2 becomes _[__L_Zlg*[]. oF(OI)]F 02 m and Case 3 does not apply.
_b.. _L _.LL R old ﬁ oldzl h l
For < =4 we have > —J’—Lq, — Case 1 becomes B =7 (8] < e and Case 2 becomes
oold 1 F oold &

I=F0*) =
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e Case 2: If Q"é—f{i—:%n > ma:v{%:, %}, then the monopolist provides only

gn. The optimal profits are: o = Ogaqn|l — F(00ia)]. At the end of the

period, consumers in [0oq,1] are informed.

o Case 3: If ’Z;::g‘ < e‘gfﬁzﬁi(zi—‘)‘;ﬂ < %, then the monopolist provides two
versions g, and q;. The optimal profits are: I3 = 0*R;[1 — F(6*)] +
Ooia [an — @] [L — F(8,14)]. At the end of the period, consumers in [6*,1]

are informed.

Multiple Periods: Now we switch to multiple periods. We first show that there
are only two regimes: the initial regime and the stable regime. From the discussions
above, we know for 8,4 € [0, 8*], the proportion of informed consumers remain stable
because no new consumer purchases during this period. The monopolist earns profits
IT*, which are the highest possible single period profits, for the current period and
afterward. For 6,4 € (6%, 1], in Cases 1 and 3, at the end of the peribd, the proportion
of informed consumers is extended to [#*,1], which remains stable thereafter with
profits IT*. Both Cases 1 and 3 are intermediate in the sense that more consumers
are informed at the end of the period.

Case 2 is a stable period by itself because the proportion of inforrhed consumers
remains the same at the end of this period. But it may not be optimal for the
monopolist to maximize profits in the long run because II, < IT*. The monopolist may
sacrifice profits of the current period to maximize the overall profits. The following

situations apply:

e IfII; > IT3 and IT, — IT; < & [II* — II,], then the monopolist provides only g,

while extending the market to [¢*, 1] which remains stable thereafter.

SNote that ITo —II; is the profit loss for the current period and % [IT* — II,] is the present value
of the profit gains for the following periods. ¢ is the discount rate defined in Section 3.3.
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o If II; < I3 and II, — II; < 7% [II* —II,], then the monopolist provides two
versions ¢, and ¢ while extending the market to [6*,1] which remains stable

thereafter.

e Otherwise, the monopolist provides only g, while remaining a market of [y, 1]

for the first period and periods afterward.

If the initial period starts with 6,9 = 1, which means there are no informed
consumers, then only Case 1 applies. The mohopolist earns II; for this périod and IT*
thereafter. Versioning is not implemented. Thus, we have the following proposition

for pessimistic consumers:

Proposition 3.4 With pessimistic consumers and periodic license fees, versioning s
implemented by the monopolist only if some consumers are already informed of the

true quality.

This result applies when a monopolist intends to expand the market. For example,
when Adobe Photoshop extends its users from professionals to laymen, professionals
know the true quality of the software while the laymen are uninformed and normally
pessimistic. In that case versioning attracts more consumers without compromising

profits.

3.4.2 Optimistic Consumer Expectations

Now we discuss optimistic consumers where R > ¢. With optimistic consumers, the
monopolist has an incentive to discourage the dispersion of the quality information
(Shapiro, 1983).

Current Period: As before, we assume at the beginning of a period, uninformed

consumers in [0, 6,4) expect R and informed consumers in [0,4, 1] know ¢g. Because
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R > g, some informed consumers in [fy4, 1] may purchase the low quality version
while some uninformed consumers in [0,6,4) may choose the high quality version,
in which case the market is discontinuously segmented. As illustrated in Figure ;’).5,
two versions may divide consumers into six possible segments: consumers in [0, §;)
and [0o14,0;) who do not purchase, consumers in [6;,6),) and [61,6r) who purchase g;
and consumers in [0, Goa) and [f5, 1] who purchase g,. Here for informed consumers
in [foq,1], we denote 0; as the consumer that is indifferent between purchasing ¢
and not purchasing and 6}, as the consumer that is indifferent between purchasing g
and purchasing g, While for uninformed consumers in [0, f,i4), we denote §; as the
consumer that is indifferent between purchasing ¢, and not purchasing and 6, as the

consumer that is indifferent between purchasing ¢, and purchasing ¢;. Corresponding

Don't buy 'Bug % Buy gy Don'tbuy Buyq | Buy qn‘

> ki ¥ Y

l | l | | l |
I P R
0 6 9h LRy 6, 9y 1

Figure 3.5: Market Segmentation of Information Goods
for Optimistic Consumers

prices are determined according to (3.1) and (3.2) plus the following two equations:
o = U(Ry,0,),and (3.15)
U(Rn,6,) —pr = U(R1,6,) — 1. (3.16)

The monopolist’s profit function is

mex Il = p, [[1 — F(0h)] + [F(Oaa) — F(e;z)]] +
On,01,0,,,6,
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L [[FOn) — F0)] + [F(6,) — F(6)]],

350< 6, <0, <Oua <6 <6, <1

For the monopolist to maximize profits in the current period, we have the following

corollary (proofs are in Appendix B):

Corollary 3.2 With optimistic consumers, a monopolist that mazimizes current pe-

riod profits provides only one version.

Multiple Periods: Now we discuss when the monopolist chooses to maximize the
overall profits. According to Shapiro (1983), when facing optimistic consumers, a
monopolist gradually expands the market before it reaches the stable periods after
which all consumers who buy are informed consumers. We denote the first stable
period as Sy and the corresponding profits at this period as IIy. Because all the
consumers who purchase are informed, only one version is provided by the monopolist
(Wei and Nault, 2005) and the optimal profits are Iy = IT* = 6*g,[1 — F'(6*)].6 This
applies to all the subsequent periods.

Now move a period back to Sy—;. At period Sy_; the monopolist chooses to max-
imize overall current value of profits 6V ~2IIy_; + 3% 5 6" 1II*, which is equivalent
to the monopolist maximizing profits of period Sy—-; only. According to Corollary
3.2, only one version is provided. We can trace this process back to any period to get

the following proposition:

Proposition 3.5 With optimistic consumers and periodic license fees, a monopolist

provides only one version.

With a one-version solution, the pricing strategy for the information goods is

6Consumers in [§*, 1] must be informed, otherwise the monopolist can simply set p = 8*q;, to
extend the market to [0*gn/ R, 1] with Iy = 6*qx[1 — F(6*qn/Rp)] > IT*.
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similar to traditional goods where price declines monotonically to expand the market

gradually before it reaches the stable periods when no new consumer buys, as analyzed

in Shapiro (1983).

3.5 Conclusions

In this paper we treat information goods as experience goods and construct models
to explain why a monopolist implements versioning strategies. We show that with
lump sum payments, the monopolist offers different versions combined with upgrad-
ing. Adopting a two-stage model, we find that if all the consumers have homogeneous
initial expectations about the goods’ quality, then the monopolist’s optimal pricing
strategy involves upgrading all the consumers who purchase the low quality version in
the first stage to the high quality version in the second stage. In this way, consumers
that upgrade pay a tax for learning. When consumers have heterogeneous expecta-
tions, we find that if consumers are pessimistic, then the monopolist’s optimal pricing
still drives all consumers to upgrade. However, if consumers are optimistic, then un-
der certain conditions, the monopolist’s optimal pricing strategy induces only some
of the consumers that initially purchased low quality versions to upgrade. When
quality of the low version can be endogenized, the monopolist minimizes the quality
of the low version to maximize profits. With periodic license fees where upgrades
cannot be an option, versioning strategies are implemented by the monopolist only
if some consumers are already informed of the true quality. But when consumers are
optimistic, the monopolist offers only one version.

A limitation of the paper is that we only model a monopoly producer. Whether
versioning and upgrading strategies can be applied in a competitive environment is

not clear. In previous research we found that versioning strategies can be implemented
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by an incumbent firm to deter entry (Wei and Nault, 2006), but this result may not
hold when we treat information goods as experience goods and consider upgrading
strategies. Another limitation is that in our models we assume that the only way
to learn the true quality of the goods is through purchasing, while in the real world,
there are many other channels such as “word of mouth” to know the true quality
of the goods. On the other side, purchasing of the low quality version may not be
sufficient for consumers to learn the quality of the higher versions.

One possible extension of our models is to include network effects in our mod-
els. Many information goods such as operating systems and Database management
systems display strong positive network effects where the consumers’ willingness to
pay increases with the total size of the users (Economides, 1996, Sundararajan, 2003,
etc.). Network effects may provide the monopolist more incentive to version informa-

tion goods to expand the user base.



Chapter 4

ESSAY THREE: VERTICALLY
DIFFERENTIATED INFORMATION GOODS:
MONOPOLY POWER THROUGH

VERSIONING

)

4.1 Introduction

Information goods come in many forms. Jones and Mendelson (2005) categorize infor-
mation goods as computer software including operation systems, programming tools
and applications; online services such as internet search engines and port;xls; online
content such as information provided by Lexis/Nexis, Dow Jones, and Reuters; and
other digitalized information goods such as digitalized music, movies and books. In
each form an additional unit can be produced and distributed at negligible cost ei-
ther by copying or by allowing it to be downloadable over the Internet. For the
latter, broad adoption of e-commerce, secure and convenient online payments and
high-speed internet connections greatly lower the transaction costs. Therefore, ir;for-
mation goods are characterized by large sunk costs of development and by negligible
costs of reproduction and distribution (Shapiro and Varian, 1999).

Another characteristic of information goods is that after the highest quality version
has been developed, the costs of creating vertically degraded versions - versions with
less functionality - are usually negligible. Versioning is to offer a product in different

versions to segment the market and maximize profit, which is often referred to as

59



60

second degree price discrimination (Wei and Nault, 2005). Hahn (2001) states that
“the functional quality degradation (of software) is an effective consumer screening
device, especially when consumers’ valuation for each function is negatively correlated
(p.1)”. Bhargava and Choudhary (2007) reach a similar conclusion under relatively
general settings about consumer heterogeneity and utility functions.

With the ease of versioning, product differentiation and pricing strategies for in-
formation goods are different from traditional goods, especially in the context of
competition. Leaders with information goods usually have substantial market power.
As of 2002, Microsoft Windows controlled 97.46% of the global desktop operation sys-
tems market (Windows IT Pro, 2002). Oracle’s market share on Linux was 80.6% in
2005 (www.oracle.com), and according to the Nielsen cabinet the most popular search
engine on the web, Google, had a market share of 54% in 2006, ahead of Yahoo! (23%)
and MSN (13%) (www.google.com, 2006). Competition in information goods is more
intense than traditional goods in the sense that direct competition can drive prices to
zero and both firms lose development costs, but is less intense in the sense that the
winners (often the first movers) usually dominate the market. Meanwhile, with po-
tential competition, producers of information goods have strong incentives to improve
quality, launching their highest quality version, or upgrading older versions, whenever
possible, even if they lose money at the margin by cannibalizing the existing market
share of the old version (Nault and Vandenbosch, 1996). It is also common for the
software producers to release a buggier product early and patch it later to grab the
“first mover advantage” (Arora, Caulkins, and Telang, 2006). In the context of these
stylized facts we examine two research questions. The first is to explain in more detail
why leaders in information goods dominate their markets. The second is to explain
why potential competition motivates a monopolist to improve quality and to version.

Competition with information goods has been investigated in previous research.
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Nault (1997) examined quality differentiation using inter-organizational information
systems (IOS) and found that IOS could separate consumers and reduce competition
in duopoly. Dewan, Jing and Seidmann (2003) developed a duopoly model where
firms could produce both standard and customized products, finding that “when
firms face o fixed entry cost and adopt customization sequentially, the first follower
always achieves an advantage and may be able to deter subsequent entry by choosing
its customization scope strategically (p. 1055)”. Choudhary, Ghose, Mukopadhyay
and Rajan (2005) proposed a personalized pricing (PP) strategy where firms produce
vertically differentiated goods and can perfectly identify valuations of heterogeneous
consumers. They found that “while PP results in o wider market coverage, it also
leads to aggravated price competition between firms (p. 1120)”. Empirical research
has also examined product and pricing strategies. Nault and Dexter (1995) found that
with the adoption of a cardlock IT system, a commercial fueling company successfully
differentiated a commodity, maintaining a price premium between 5 — 12% of retail.
Cottrell and Nault (2004) found that in the microcomputer software industry changes
in product variety through new product introductions improve firm performance, but
extensions to existing products hinder the performance of the firm and the product.
Analyzing Amazon.com, Ghose, Smith and Telang (2006) found that ﬁsed books are
poor substitutes for new books for most customers, but the existence of used book
marketplace increases consumer surplus and total welfare. Also using data from
Amazon.com, Ghose and Sundararajan (2005) found that an increase in the total
number of versions is associated with an increase in the difference in quality between
the highest and lowest quality versions.

We use a duopoly model to analyze the price and quality choices for information
goods, and examine the effectiveness of versioning strategies as a way for a monopolist

to deter entry. We find that under competition firms always provide higher quality
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information goods with a better “price-quality ratio” than in monopoly. In addition,
as long as the implementation of versions in the market is irrevocable, then in the
high-end market (market for the highest quality information goods) a monopolist
can strategically set its quality to deter entry, and in the low-end market (market
for all lower quality information goods) the monopolist can implement versioning
strategies to deter entry. Whereas a vertically differentiated market is often referred
to as a “natural oligopoly” for traditional goods (Shaked and Sutton, 1983), because
of versioning it can be regarded as a “natural monopoly” for information goods.
Our paper proceeds as follows. We set up our notation and assumptions in Section
4.2, analyze the monopoly producer in Section 4.3, and examine a simultaneous move
duopoly in Section 4.4. In Section 4.5, we examine a sequential move duopoly with
entry deterrence. Social welfare implications are analyzed in Section 4.6. Discussion

and future research are included in Section 4.7.

4.2 Notation and Assumptions

In our model, consumers are heterogeneous and uniformly distributed in their individ-
ual taste for quality. We denote individual consumer taste as 8 which is normalized to
be in the interval [0, 1]. The consumer taste ¢ indicates a consumer’s marginal valu-
ation for quality. A consumer has positive utility for one unit only. The total market
size is normalized to unity. Consumers select their favorite good with quality ¢ € [0, §]
to maximize their consumer surplus U(g,0) — p, where p is the price of the good and
g is the boundary quality under technology constraint. We take a consumer’s utility

to be multiplicative in taste and quality. This is our first assumption:

Assumption 4.1 U(q,0) =6 q.
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If a firm produces an information good of quality ¢, then it incurs development
cost C(g) and zero marginal cost of reproduction and distribution. The development
cost C(q) is twice differentiable, strictly increasing and strictly convex in ¢ for ¢ > 0,

and zero quality is costless:
Assumption 4.2 For ¢ =0, C(q) =0. For ¢ >0, C'(¢q) > 0 and C"(q) > 0.

Denoting different quality versions with subscripts, after the highest quality ¢
of the information good is produced, the firm may degrade it to generate a lower
quality version g%. For any ¢ > 0, we assume constant versioning costs, V € R*, and
there are no versioning costs when ¢ = 0. Taking the example of software products,
we know that after the flagship product is developed, lower quality goods can be
generated either by removing, disabling or recombining functions from the flagship
product. For the same quality level, we also assume that versioning costs are not

higher than development costs.
Assumption 4.3 0 <V < C(q), Vg >0.

Firms know the distribution of consumers but not their individual type. Thus,
only second degree price discrimination is possible. Firms choose price, quality and
versioning strategies to maximize profits. This and notation used later are summa-

rized in Table 4.1.

4.3 A Monopoly Model

We assume the monopolist provides N versions of the information good with quality
levels @ = (¢*,4%,...,4""1,dY), where ¢* > ¢ > ... > ¢™ ! > ¢". The highest
quality ¢* is developed first, and the subsequent degraded qualities ¢2,...,q" "1, ¢"

are produced through versioning. Let P = (pt,p?%,...,p""1,p") denote the corre- -
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Table 4.1. Summary of Key Notation

Symbol Explanation

U(q,9) Utility that consumer 6 gets from information good with quality ¢
C(g) Cost of developing information good with quality ¢
V Cost of versioning an information good

II(-) profit function of the firm

P price level of the information good

q quality of the information good

0 consumer taste for quality

r price-quality ratio

t comparative quality ratio

M monopolist

AB competing firms who enter the specific market

N Nash Equilibrium point where g4 > g5

N’ Nash Equilibrium point where ¢4 < g5

S Stackelberg point where g4 > ¢p

S’ Stackelberg point where ¢4 < g5

*We use superscripts for variables and subscripts for functions to indicate variables
and relevant functional forms for firms in different settings.

sponding prices for the above quality levels, and D(P, ¢*) denotes the demand for the
good with quality ¢* given the price vector P. The monopolist chooses a price-quality

schedule to maximize profit.

B P@) = i [ S-9D(B ) - Ol - 3V

P(Q) i=1 =2
The provision of N different quality goods divides the market into NV + 1 segments,
where the last segment contains consumers that do not purchase. In segment N where
the consumer only chooses between buying the good designed for segment N and not

buying, we define " as the indifferent consumer and the price assignment is
PV =U(g",0") = o"¢".

In segment i (4 < N) where the consumer chooses between buying good ¢* and a good

g+! designed for its closest segment ¢ + 1, we define 6" as the indifferent consumer
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and the price assignment is
P =p*L + U(d, 6)) — U(gH, 6) = i+t + gigt — g,

In a vertically differentiated market, indifferent consumers only exist between two
contiguous segments. Using the price assignments, the indifferent consumer is defined
by ¢¢ = [p* — p**1]/[¢f — ¢¢™], for i = {1,2,...,N — 1}, and 6" = p¥ /¢"¥. Consumers
in segment [9*, 1] buy the good with quality ¢!, consumers in [6%,6*°1),i = {2,...,N}
buy versions with quality ¢f, and consumers in [0,6") do not buy. The monopolist’s

profit maximization can be rewritten as

max II(P =
nax TI(P(Q)
1 2 N-1 i—1 % ‘ i1 N-1 N N N
1 p—-p PP P —Pp NP —D P 1
max < p[l — + > . - — L PN [ — ] - C() - DV

9p1>p2>...>pN; q1>q2>...>qN.

The first term in the above profit function indicates revenue generated from version ¢?,
the second term indicates revenue generated from versions ¢, - - -, ¢V =1, the third term
indicates revenue generated from version ¢V. The last two terms indicate development
cost for version ¢* and versioning costs for all the lower versions ¢? through ¢". For the
optimal price-quality schedule, using the envelope theorem, we have II(P(Q))/0P =

0 (take the partial of II(-) with respect to each p* individually), and the result is

pl—p2_p2—p3__ =pN—1_pN oV

ql_q2_q2_q3""' qN—l_qN qN

1
== 5’
meaning that all the indifferent consumers are equal. Therefore, except for segment
1, the demand in all the other segments is zero and a profit maximizing monopolist
provides only one version. This single-version result replicates the findings of Jones

and Mendelson (2005), Bhargava and Choudhary (2001) and basic argument of Jing
(2002), and Wu, Chen and Anandalingam (2003) in our formulation.

2
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We denote the optimal price and quality of the only version by pys and g, re-
spectively. The optimal “price-quality ratio” is denoted by rp = par/qa. For the

monopolist, we have the following proposition:?

Proposition. 4.1 (Monopoly) i) A monopolist provides only one version. ii) The
necessary condition for a monopolist to profitably launch the good is that the marginal

cost of development is greater than the average cost of quality.

With our assumptions the optimal “price-quality ratio” of the good provided by
the monopolist is 1/2 and at the optimal price-quality ratio only half of the market is
covered. As quality is also chosen, if development costs are sufficiently large, then the
monopolist may find it unprofitable to launch the good even at the optimal quality

level.

4.4 Simultaneous Move Duopoly

In this section we examine the case where two firms A and B are in the market,
and each develops their version quality. We take the information goods as vertically
differentiated. We formulate our basic model where neither firm considers versioning,.
Later we show that it is profit maximizing for each firm to provide only one version
even when versioning is possible. After the information goods are produced, both
firms choose prices. Consumers choose their preferred goods based on the qualities
and prices. Thus, our model is a two-stage game where in Stage 1 firms A and B
develop information goods with quality levels ¢4 and ¢p, and in Stage 2 the firms

compete in prices.

LAll proofs are in Appendix C.



67

4.4.1 Simultaneous Move without Versioning

We consider a pure strategy Nash equilibrium of the game. If both firms develop
information goods with the same quality level, Bertrand competition drives prices to
zero and neither firm gains positive profit.2 Without loss of generality, we assume
ga > gp. The cost for firm A to develop g4 is Ca(ga), and for firm B to develop gg is
Cs(gB). The cost functions of firms A and B need not be the same. For both firms
to have positive share, p4 > ps.

Let 84 denote the consumer indifferent between buying goods g4 and ¢g, and 0
denote the consumer indifferent between buying good ¢g and not buying. Similar to
the analysis in the previous section, we have 64 = [pa—ps|/[ga—as], and 0 = ps/gs.

We work backwards to solve the duopoly model.

Stage 2 Firm A and B’s profit functions are

a(pa,pB) = P2 [1 — gA——_—p—B] —C4(qa) and Hp(pa,ps) = DB [w — ?-Bl] —Cx(gB)-
da — dB da — 4B aB

The first-order conditions with respect to own prices yield best response functions 2

2pa —pe =qa—qp and pa/[2ps] = q4/¢B. - (4.1)

Solving for the equations in (4.1) gives

QA—QB]

dA — 4B
and = . 4.2
494 — g5 PB =B [ } ( )

=2
ba gdA l 14— a5

From (4.2) the market share for g4 is 2g4/[494 — ¢s], which is twice the market share

of aB-

2Both firms providing goods with the same quality is not a Nash equilibrium. If H is the high
quality good and L is the low quality good, the possible combinations of goods provided by the two
firms are (H, H), (H, L), (L, H) and (L, L). Only (H, L) and (L, H) are Nash equilibria.

3The sufficient second order conditions are satisfied for this and the remaining optimization
problems. Details are available upon request.
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Stage 1 Substituting (4.2) back into the profit functions of firms A and B, we have

4(g4,98) = 4¢% [ga — g8] / [4ga — g8)° — Ca(ga) (4.3)

and

(g4, 98) = 948 [a4 — a8) / [4g4 — ¢8]° — Cr(gs). (4.4)

I14(ga,qB) is concave in g4 and IIg(ga,gp) is concave in gg (Proofs are in the Ap-
pendix). Firms A and B choose quality levels g4 and gp to maximize their profits,
thus OI14(-)/0ga = 0 and 9llg(-)/dqp = 0. The equilibrium quality levels g4 and ¢p

are implicitly determined by

Cu(ga) = 494 [405 — 3aq5 + 203] / (494 — gs)° (4.5)

and

Ch(as) = ¢4 [4q4 — Tq8] / 494 — gs]’ . (4.6)

4.4.2 Should Firms Version?

In the following, we show that even when versioning is an option for both firms,
neither version their information goods. In terms of which firm considers versioning,

there are two situations.

Firm A considers versioning. Here we assume firm A develops its high quality
version ¢ and generates a lower version ¢%, and firm B develops its quality gp. Prices
pe, P and p§ are set according to Bertrand competition. There are two cases:

Case 1: ¢4 < g < ¢. Let 04 denote the consumer indifferent between buying
q% and ¢p, 0p denote the consumer indifferent between buying gp and ¢4, and 6%

denote the consumer indifferent between buying ¢4 and not buying. We have 0§ =

[P —p5| / [af — 48], 05 = |ps—p5| /a5 — k], and 6% = ph/qk. The profit
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function of firm A is
H L L
Pa —PBj- L |PB—DPa DPa H
ILA(p4,p%. P8 =pH[1———]+ [———]—CA ~V. (47
(Pa»P4:PB) At & — az Pa s —dk ok (24) (4.7)

The profit function for firm B is

H L
Pa—PB PB—DPa
IIp PH,PL,pB =pB[ - ]—C’B qs). 4.8

(P4, 7, pe) & —az  a5—dk (22) (48)

From the first order conditions of (4.7) with respect to pff and p%, and of (4.8) with

respect to pp, we get the best response functions as follows,
204 — ps = qj — gz,

—qips + 2q8p% = 0,
and
L], H H_ L H L _

[QB - QA] Pa—2 [QA - QA] pB + [QA - QB] pa=0.

Applying the Cramer’s Rule, we have
2, _1, 0
M=o, — gk, 205 =2 [dq g5 — ¢l — ¢} — 24895 > 0
a5~k —2[df —di], of —as

And we get the equilibrium prices for p%, pp and pf as follows,

= [of — a8] [4¢5 g5 — ¢l ak — 3amaf] /M1, (4.9)
ph = a5 [af — 8] a5 — a&] /M (4.10)

and
PB = 2B [Q,IZ - QB] [QB - (Jf{] JAs. (4.11)

Substituting the equilibrium prices (4.9), (4.10) and (4.11) as functions of quality
back into the profit function of firm A, we have

[Qf{ - QB]

a(d4, gk, a8) = ™G

[[4(15{ 45 — ¢iak — 3a505)" + sk [af — a5] a5 - Qﬁ]]
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—Cald) -V,

where A; = 2 [4qf a5 — qfqk — g% — 2q3qﬁ]. Taking the partial derivative of IT4(-)

with respect to qf{,

2
OMLa(gf, % 05) _ —243 o — as]
0a4 (AP

2094 a5 + a4 a5 + 4 — 22g895) < 0.

The negative sign comes from ¢% < gp < ¢, which means that ihcreasing the quality
of its lower version reduces firm A’s profit. Consequently, it is not optimal for firm A
to version its information good.

Case 2: ¢qp < ¢5 < ¢f. Let 0% denote the consumer indifferent between buying
¢ and g%, 0% denote the consumer indifferent between buying ¢% and ¢g, and 6p
denote the consumer indifferent between buying gp and not buying. We have 0§ =
[ — %] / [af — d&), 0% = [p% — 5| / [0k — 45|, and 05 = pp/gp. Firm A’s profit

function is

H I H L L
Pa—D Pa—D DPa—PB

Ao, ok, p5) = ol [1—-—;‘; z‘]+pﬁ[ 4 P4 _ P ]—0A<q£’>—v, (12)
di —4a dia — 44 da — 4B

and firm B’s profit function is

L_
s(p}i, 4, pB) = B [pﬁ b5 _ @] — Cs(ga). (4.13)
94i—98 (4B ﬂ

From the first order conditions of (4.12) with respect to p& and p5, and of (4.13) with

respect to pg, we get the best response functions as follows,
2} — 205 = ai — 44,

20k —pp =d§ — g5,
and

—quﬁ -+ 2qf,pB =0.
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Applying the Cramer’s Rule, we have

2, -2, 0
M=o, 2, -1 |=2[4dk—as]>0,
0; —4B, 2QQ

and we get the equilibrium prices for p#, p% and pp as follows,

pli = [4aiak - dflas — 3d5as] /s, (4.14)
pi = 4q% [a — 8| /0 (4.15)

and
pB =29B [Qﬁ - QB] /As. (4.16)

Substituting the equilibrium prices (4.14), (4.15) and (4.16) as functions of quality

back into the profit function of firm A, we have

16505 [a% — as] + a5 [af — 44| [84% + a5]
[As)”

a(ed,d5,98) = —Culd) -V,

where Ay = 2 [4qf{ — qB]. Taking the partial derivative of II4 with respect to g%, we

have, :
a4, q% q5) _ 2las]’ [200% + g5
Oq% [Ao)?

The positive sign comes from gz < g% < ¢, which means that increasing the quality

of its lower version monotonically increases firm A’s profit, and firm A sets ¢§ = ¢%.

So it is still not optimal for firm A to version its information good.

Firm B considers versioning. Here we assume firms A and B develop their
highest quality version g4 and ¢, respectively. Firm B degrades ¢¥ to generate a
lower quality version ¢5. We have ¢5 < qf < qa. Prices ps, 2 and p% are set

according to Bertrand competition.
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Let 64 denote the consumer indifferent between buying g4 and g, 6% denote
the consumer indifferent between buying ¢¥ and ¢, and 6% denote the consumer
indifferent between buying ¢% and not buying. We have 64 = [pA - pg] / [QA —qf ]’

68 = [pg — pfg] / [qg — qg], and 0% = p%/q%. The profit function of firm A is

H L pPa— Pg
a(pa, B, PB) = Pa [1 - ———H] — Ca(ga),
gAa — 4B

and the profit function of firm B is

H H L H L L
pa—pE pE—p pE-p% p
HB(pA,pg,p§)=p§[ B -2 B] + ph [-—B B ——B] — Cp(gd) - V.

w—-af dE-dk| Cldi-d ¢
(4.17)
From the first order conditions of (4.17) with respect to p%, we get
pE —pk _ pB

a5 —af 9B’
which means that 8 = 6% and there is no market for ¢5. So it is not optimal for
firm B to version its information good. The above analysis can be extended to the
cases when firm A and firm B consider generating multiple versions. Thus, in a

simultaneous move duopoly, we have the following proposition:

Proposition 4.2 (Simultaneous Game) FEach firm provides only one version.

4.4.3 Comparative Quality Analysis

We denote the equilibrium price-quality ratio of the goods provided by each firm by
r; =p;/q; 7 € {A,B}. We also denote the “comparative quality ratio” by ¢ where
t = qa/qs > 1 from g4 > gp. Thus, the solutions for p4 and pp in (4.2) can be
rewritten as

ra=2[t—1]/[4—-1] and rg=1[t—1]/[4t—1].
Under our assumptions the optimal price-quality ratio of the good provided by firm

A is twice as much as that provided by firm B. For ¢t > 1, we have r4 < 1/2 and



73

rg < 1/4. Using Proposition 1, both firms provide goods with better price-quality
ratios than the monopolist.

From (4.2) we get 04 = [2t — 1]/ [4t — 1] < 1/2, thus 1 — 6,4 = 2t/ [4t — 1] > 1/2.
This indicates that firm A has a market share of more than 1/2, which is larger than
that of the monopolist. Also we have 6 = [t — 1] /[4¢t — 1] < 1/4, thus 84 — 05 =
t/[4t — 1] > 1/4. This indicates that the total market served is more than 3/4. We
know in monopoly only half of the market is served, therefore the total market served
expands more than 50 percent in duopoly.

From (4.5) and (4.6), we have C’(ga) > 1/4 and Cj(gg) < 1/16 for g4 > gg. If
firms have the same development cost, C4(q) = Cs(q), then gg < qar < ga. This
means that the high and low quality firms produce information goods with qualities

that bracket the quality chosen by a monopolist. So we have the following proposition:

Proposition 4.3 (Simultaneous vs. Monopoly) i) With equal development cost,
the high quality firm produces o higher quality good than a monopolist. i) Both firms

provide goods with better price-quality ratios than in monopoly.

4.4.4 Best Response Functions and Equilibrium Analysis

In the following we discuss some characteristics of the best response functions of firm
A and B. For g4 > gp, we denote the best response functions of firm A and B by
g4 = ¢4(gB) and g = q5(qa), respectively. And for g4 < ¢p, we denote the best
response functions of firm A and B by g4 = q}(gg) and gz = ¢3(qa), respectively.
The best response function ¢4 = ¢%(¢p) is implicitly defined by (4.5). Rewriting

(4.5) to emphasize this, we have C’(q%) = 4q% [4 [¢5]* — 3q%g5 + ZQ%] / [4q% — gs)°.



74

Taking the first derivative with respect to ¢g, we have

dga() _ 8q44s [594 + gs]
dgs — C%(ga)[494 — gB]* + 8¢% [5qa + g5]

> 0.

This means that the best response quality g4 increases in ¢g. Similarly, the best
response function g = ¢(qa) is implicitly defined by (4.6), and rewriting gives

(as) = ¢4 [4ga — Tg5) / [4ga — ¢)°. Taking the first derivative with respect to gg,

we have
dag(-) 24495 [8g4 + TqB)

dga C%(gp) [4ga — g8]" + 2¢% (844 + 7gB]

Thus, the best response quality gp increases in g4.

The analysis is symmetric for g4 < qg, where we have the best response functions
ga = ¢;(gs) and gg = ¢3(ga). Figure 4.1 depicts the shape of the best response
functions. If the competing firms have the same development cost, then there are two
equilibria where either firm A or B can provide high quality good while the other
firm provides low quality good (Jones and Mendelson, 2005). As is shown in Figure
4.1, if g4 > gg, then the equilibrium is N, and if ¢4 < ¢p, then the equilibrium is
N'. However, if the development cost functions differ for the competing firms, then
it is possible that the're is only one equilibrium where the firm with the development
cost advantage develops the high quality good. For example, firm B with superior
technology may find it more profitable to develop the information good with higher

quality ¢f instead of ¢¥, thus the equilibrium point goes to N'.

4.5 Sequential Move: Strategic Accommodation and Entry

Deterrence

In this section we analyze the situation where one firm enters the market earlier than

the other. Thus there are three stages: leader chooses quality and whether to version,
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Figure 4.1: Two Nash Equilibria in the Simultaneous Game

the follower observes this and chooses quality and whether to enter, and then prices

are set. In this sequential duopoly game, the leader can accommodate or deter entry

through its choice of quality and whether to version. If the leader accommodates

entry, then it is a Stackelberg game where a first mover advantage is obtained by

strategically setting quality. Alternatively, the leader may find it profit maximizing

to deter entry. In this case, we show that the leader can strategically set quality

to deter entry from the high-end market while implementing a versioning strategy

to deter entry from the low-end market. Development cost determines whether the

leader accommodates or deters entry.
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4.5.1 Entry Accommodation - A Stackelberg Solution

In the sequential move (Stackelberg) duopoly game, we denote the leader as A and
the follower as B. Consider first a game of entry accommodation. The leader first
develops an information good of quality g4 and sets price ps. Then the follower
determines whether to enter the market. If entry is profitable, the follower determines
its best response quality ¢p and then firms compete in prices. Consumers choose their
preferred goods after the qualities and prices are determined.

Working backwards, the leader chooses g4 such that g4 > gp or g4 < ¢gg. For
vertical differentiation, Jones and Mendelson (2005) show that with a special expo-
nential development cost function form for both firms, the firm with the high quality
good gains the greatest profits. We start with the situation where the leader prefers
g4 > qp first and then discuss the situation where leader chooses g4 < gs5. ‘

We write the follower’s best response function as gg = ¢g(qa). The quality pro-

vided by the leader is determined by

max I14(ga, g5(¢4))-

From the first order condition, we have

dlla(ga,98(g4)) _ O11a(94,95(44)) + O11a(94,98(94)) dgB _ 0.

4.18
dga 0qa Oqp dga (4.18)
Because I14(g4, g5(g4)) can be written as I14(ga,¢z) in (4.3), we have
11 402 [2
0M14(qa, ¢5) - _ g4 [294 + 5] <0 (4.19)

945 [4qa — g5]®

The best response function gg(ga) is determined implicitly by (4.6) and is increasing in

ga. Thus, we have dgp(ga)/dga > 0. From (4.18), we have 0114(qa, q5(q4))/0qa > 0
at the Stackelberg point.

We know for the simultaneous game, at the Nash equilibrium, 8114(g4,q5)/0q4 =

0. Denoting the Stackelberg quality provided by the leader as g5 and the Nash equi-
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librium quality from the simultaneous game as g%, from the concavity of I14(qa, g5)
in g4, we have g3 < ¢Y. It means with the first mover advantage, the leader lowers
quality to increase profit.

This result is interesting. In a traditional Stackelberg game with quantities, the
leader increases quantity to gain first mover advantage (Church and Ware, 2000,
p.468-470), while in our model of quality and price competition, the leader decreases
quality.

If the follower has lower development costs, then the Stackelberg game may have
another outcome. As is shown in Figure 4.2, the follower with lower development costs
may find it more profitable to develop an information good with higher quality than
q5, which means IIp(q3, q3) < IIp(¢3,q¥). As shown in Section 4.5.4 numerically, if
the follower has “much lower” development costs, then the leader chooses g4 < ¢p.
For g4 < gp, we find that as compared to the simultaneous game, with a first mover
advantage the leader increases its quality (proofs are in Appendix C).

To summarize the above, we have the following proposition:

Proposition 4.4 (Stackelberg) Compared to a simultaneous game, in a Stackelberg
game a leader that provides a high quality good decreases quality, and a leader that

provides a low quality good increases quality.

4.5.2 Entry Deterrence

In the Stackelberg game above, we assumed that the leader accommodates entry. But
the leader can also deter entry with its choice of quality. In the following we show
that in a sequential game, the first mover can set information good quality to deter
entry from the high-end market while implementing a versioning strategy to deter

entry from the low-end market.
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Figure 4.2: A Stackelberg Game Solution

Entry Deterrence from the High-end Market

To begin we analyze potential entry in the high-end market, which means that the
follower develops quality g > ga4. Once entry occurs, the equilibrium prices and
profits of both firms are determined in the same manner as in the simultaneous game.
Thus, we have the equilibrium profits as in (4.3) and (4.4) except with A and B
reversed.

Taking the total derivative of IIg(ga, g(ga)) with respect to ¢4, we have

dllp(ga, qB(qa)) _ Ol s(qa,a8(qa)) + Ollg(q4,q8(qa)) das
dga 0qa Oqp dqa

The first term of the right hand side of the equation has the same form as (4.19),
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except with A and B reversed, and it is negative. For the second term, from the
analysis of the best response functions in Section 4.4, the follower’s quality increases
when the leader increases quality, so we have dgg/dgs > 0. Because IIp(qa,qs)
is concave in ¢p and the entry deterrence quality gz is never lower than the Nash
equilibrium quality, we get that Ollg(qa,qs(ga))/Ogs is non-positive. Therefore,
dl5(qa, qB(qa))/dga is negative, which means when ¢4 increases, the follower’s profit
decreases. Thus, the leader can strategically set quality such that the profit of the
follower from the high-end market is zero. This entry deterrence quality is jointly
determined by the above profit constraint and the follower’s best response function.*

When the leader successfully deters entry, it acts as a monopolist. We denote the
entry deterrence quality of the leader by ¢%, and the monopoly quality and profit
from Section 4.3 by gy and Ts(q), respectively. The entry deterrence quality ¢¥ is
not lower than ¢, otherwise the leader can safely produce at gpr and deter entry.
Thus we get g < ¢4 < gg.> From the concavity of IIj(+), we have Ij(qas) >
T (g) > Mp(gp). With equal development costs, Iy(gg) > Ip(ga,gs) = 0 be-
cause a monopolist always earns more profits. Thus we get the monopoly profits of
the leader under entry deterrence are positive, which means the leader can always
profitably deter entry.

From discussions in this section, we have the following proposition.

Proposition 4.5 (Entry Deterrence) i) The leader can strategically set quality
to deter entry from the high-end market. 1) With equal development costs, the leader

can always profitably deter entry.

Similar to the “top dog strategy” that overinvestment in capacity makes the leader

tougher (Fudenberg and Tirole, 1984) and the threat of a predatory output increase

41t is the same as equation (4.5), only with A and B reversed.
Sqp is the quality of the entry when Ilz(g4,gs) = 0. Theoretically, entry is deterred in this case.
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after entry made credible by carrying excess capacity prior to entry (Dixit, 1980), with
information goods the leader chooses to overinvest in development to deter entry. If
the leader has sunk its development costs to produce the entry deterrence quality,

then the enhanced quality is always a credible threat to the follower.

Entry Deterrence from the Low-end Market
When the leader strategically sets quality to deter entry from the high-end market,
it opens another door to the follower - entry may occur in the low-end market. In
this setting, the leader has already developed its high quality version ¢%, and gener-
ates a low quality version ¢§ to deter entry from the low-end market. The follower
determines whether to enter, and if entry is profitable, then the follower determines
its quality ¢g, and firms compete in prices. Consumers select their preferred goods
after the qualities and prices of the information goods are determined.

In this model we assume ¢% < g < ¢.% This is the same setting as the Case
1 when firm A considers versioning in Section 4.2, only with different objective that
here the leader chooses the quality of its lower quality version, g%, so that the follower
gets non-positive profits. Substituting the equilibrium prices into the profit function

for firm B in (4.8), we have

2 H _ H _ L L
s(qi,q8,95) = 4z [QA is [q]\{z 4] low — a4 — Cp(gs)-

Taking the partial derivative of IIp(-) with respect to ¢%, we have,

2
Ollp(q¥,qp,q%)  —8db [qﬁf - ‘IB] [
dqk A3

205 g5 + ¢l g% + 0 — 4gma5] < 0.

It means the higher the ¢4, the lower the profit of the follower. Therefore, the leader

can use versioning g% to deter entry.

50One might argue that potential entry may come from an even lower-end market, which means
gs < 5. In that case, the leader can generate another lower version to deter entry, with the same
mechanism we describe here.
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In order to effectively deter entry, ¢§ must be set so that IIp(gg) < 0. Through
the envelope theorem, we have 81lp(q¥, gp,q%)/0qp = 0. Thus, firm A determines
g% by setting the profit of the follower to zero, which is equivalent to

4q5 [qf — gs] [of — d§] |25 — df]

C = ,
B (QB) / dB A2

and the equilibrium quality ¢gp is determined by

8 H _ L
Cplgs) = W{ﬁ a4 — as] [4q?3 +2[gh]" - BQBqﬁ]

+a505 a5 — a5 20 + ] — 343 [off — 4]}
Clearly, the optimal entry deterrence quality of the sub-version depends on the de-

velopment costs of the follower. The following proposition concludes this sub-section.

Proposition 4.6 (Entry Deterrence) The leader can generate low quality versions

to deter entry from the low-end market.

We denote the comparative quality ratios of ¢, g with respect to ¢ by ty =
q% /q% and tgp = qp/q%. The optimal price-quality ratio of versions ¢ and ¢% provided
by the leader are denoted by rgy = p¥ /¢¥ and r; = p%/q%, respectively. The price-
quality ratio of versions gg provided by the follower is denoted by r5 = pg/gp. From

the equilibrium price equations (4.9), (4.10) and (4.11) in the Appendix, we get

— [tH — tB] [4t3 —1-— 3t3/tH] _ [tH - tB] [tB — 1]
B T olatyty —ty —2tg —13] *  © 2[dtyts —ty — 2t — t5]’

and

- [tH - tB] [tB - 1]

‘ BT Tatutp — ty — 2t — t3]
From the above equations, we have rg = 2ry, and ry > 2rg. It indicates that the
price-quality ratio of the high quality version is more than four times that of the low

quality version.
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4.5.3 Entry Deterrence, Rivalry Clear-out or Coexistence

We know from the previous discussion that the leader can develop higher quality
to deter entry from the high-end market and generate versions to deter entry into
the low-end mgrket. The key questions are whether it is profit maximizing for the
leader to deter entry, and if rivalry already exists in the market, whether it is profit
maximizing for one firm to drive its competitor out. If the answer of either of the

above questions is “no”, then the leader may choose to coexist with its competitor.

Rivalry Clear-out or Coexistence
We first consider the case where firms A and B are already in the market. with
information goods g4 and gp, and we suppose g4 > ¢g. Because the development
costs are sunk and there is no marginal cost, a firm will not exit if the price of its
good is positive. From Section 4, we know that in equilibrium, profits for firm A and
B are (4.3) and (4.4).

Firm B with a lower quality information good cannot drive firm A out of the
market. For firm A to drive out firm B, it can generate a lower quality version with
quality ¢ and prices of gg go to zero from Bertrand competition. The equilibrium

profit for firm B is zero and profit for firm A which we denote by I1$%*" (¢4, g5), is

119" (g, g8) = [ga — q8] /4 — Calga)

The first part of the above profit equation is the revenue generated from g4 and
the second part is the development costs of g4. It is straightforward to see that
119" (g4, 98) < Ta(qa,qs). Therefore, firm A is better off coexisting with firm B
because a lower quality version intensifies competition, similar to Judd (1985) and
Nault (1997). Therefore, versioning is not optimal in a game when both firms are

already in the market.
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Entry Deterrence and Strategic Analysis with Versioning

From the discussion earlier, we know it is always profit maximizing for the leader to
generate a lower quality version to deter entry from the low-end market. And, in the
high-end market, the sunk costs of development pose a credible threat to deter entry.
However, entry deterrence may not be profit maximizing.

Let ¢f be the minimum entry deterrence quality in the high-end market, as de-
scribed in Section 4.5.2. If the leader produces quality less than ¢%, then entry occurs
in the high-end market. As before, let g5 be the monopoly quality of the information
good from Section 4.3. gus is determined by C.,(qa) = 1/4. If ¢§ < qps, then entry
in the high-end market is deterred.

If gar < %, then the leader has to increase quality, which in turn decreases profits,
relative to the monopolist. Recall from Section 4.5.1 that the leader may choose a
lower quality, allowing the follower to enter with higher quality. Denote this low
Stackelberg quality as ¢5 when accommodating entry in the high end. Let ¢57 be the
highest quality so that the leader is indifferent between producing high quality to deter
entry and low Stackelberg quality ¢5. ¢3! is determined by Iy (¢37) = (g5 , 3 ).
Because I/ (q57) < Mar(qar) and concavity of Ty (-), we have ¢27 > qur. If ¢§ < ¢BY,
which means Ix(¢%) > Ma(¢R)) = Ta(qd,q% ), then entry deterrence is profit
maximizing. Otherwise, it is profit maximizing for the leader to accommodate entry
with g5 .

Thus, the optimal strategies for the leader are as follows (details are in the ap-

pendix):

o If ¢ < qur, then the optimal quality of the information good provided by the
leader is gps. Versioning is implemented in the low-end market and entry is

deterred.
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o If gy < qf < ¢B7, then the optimal quality of the information good provided
by the leader is ¢§. Versioning is implemented in the low-end market and entry

is deterred.

o If gy < g®T < g%, then the quality of the information good provided by the
leader is ¢5 . No versioning is implemented and entry is accommodated. The

follower quality is g3 .

4.5.4 A Numerical Example

Here we use a numerical example to illustrate which strategies firms adopt in different
situations. Similar to Jones and Mendelson (2005), we assume development costs are
quadratic in quality, C(q) = Kq?. Firms differ in the parameter K: the higher the
K, the higher are development costs. The indifferent quality ¢4’ is defined as the
quality of the good produced by firm A where firm B is indifferent between producing
high and low quality. The indifferent quality ¢4’ is defined as the quality of the good
produced by firm B where firm A is indifferent between producing high and low
quality.

Simultaneous Game. In Table 4.2, we show that if K4/Kp < 0.63, then there is
only one Nash equilibrium where firm A produces the high quality good while firm
B produces the low quality good. For 0.63 < K4/Kp < 1.59, there are two Nash
equilibria where either firm may produce the high quality good while the other firm
produces the low quality good. When K4/Kp > 1.59, then there is only one Nash
equilibrium where firm B produces the high quality good while firm A produces the
low quality good.

Stackelberg Game without Versioning. Even without versioning, in a sequential
move duopoly, the leader can take the first mover advantage to reap more profit than

in the simultaneous game. We show in Table 3 that if K4/ Kp < 1.482, then the leader
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Kai/Ks | 1/3 0.63 1 1.59 2 3

2 125.2421 | 125.7666 | 126.6554 | 128.2485 | 120.326 | 131.648

a5 9.5605 | 16.6932 | 24.1193 | 33.2245 | 38.0031 | 46.8165
a4 > g 1 143711 | 13.355 | 12.0103 | 10.7125 | 9.8532 | 8.2175

s 0.2994 | 0.5257 | 0.7637 | 1.0648 | 1.2316 | 1.5408

aa 15.6055 | 20.0314 | 24.1193 | 26.5422 | 27.4641 | 28.6814
, 45 43.8827 | 80.7953 | 126.6554 | 199.9688 | 251.0210 | 375.7263
44 < g I, 0.5136 | 0.6701 | 0.7637 | 0.8347 | 0.8616 | 0.8982

5 97392 | 6.7489 | 12.2103 | 21.2345 | 27571 | 43.1132
Tndifferent | gB7 26.8055 | 50.8325 | 80.6866 | 128.2017 | 161.3732 | 242.0597
quality level [ gAl 80.6866 | 80.6866 | 80.6866 | 80.6866 | 80.6866 | 80.6866

* The development cost function is C(q) = Kq? and K4 = 0.001.

can choose to produce at the Stackelberg point S as indicated in Figure 2 where the
leader produces a higher quality good than the follower. When K,/Kp > 1.482,
the leader cannot produce at Stackelberg point S because the follower is better off
producing higher quality than the leader at S. When 1482 < K, /Kp < 2.572,
the leader can still get more profit by producing a higher quality good than the
follower. To maximize profits, the leader produces at the point where the follower is
indifferent between producing a higher quality good or a lower quality good.” When
K4/Kp = 2.572, the leader becomes indifferent between producing at the follower’s
indifferent point or producing at its low Stackelberg point S’. In that case, the leader
should produce at its low Stackelberg point S’. Thus we get when K4/Kp > 2.572,
the leader produces a lower quality good than the follower.

Entry Deterrence with Versioning. As discussed in the previous section, if ver-

sioning can deter entry from the low-end market, then the leader can set quality to

deter entry from the high-end market and capture monopoly profits. For this specific

"Strictly speaking, the leader should produce at a quality that is strictly higher than this level
to prevent the follower from producing a higher quality good.
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Kai/Kp | 1/2 1 1482 |2 2572 |3
aa 194.4645 | 122.59 | 110.7105 | 115.9129 | 111.5372 | 108.41
. 13,7145 | 23.013 | 30.073 | 36.1843 | 39.8635 | 41.6273
44 > g5 i 13.7860 | 12.2352 | 11.0283 | 10.0136 | 9.1666 | 8.677
5 0.4304 | 0.7577 | 0.993 | L.I754 | 1.3128 | 1.3835
24 10.3227 | 24.107 | 26.2612 | 27.4738 | 28.2799 | 28.6908
5 64.7202 | 126.6667 | 186.5366 | 251.0226 | 322.3302 | 375.7268
44 < g I, 0.6150 | 0.7637 | 0.8254 | 0.8616 | 0.8858 | 0.8082
s 48767 | 12.2060 | 10.5666 | 27.5696 | 36.4514 | 43.1119
Tndifferent | &7 40.3433 | 80.6866 | 119.5775 | 161.3732 | 207.5250 | 242.0507
quality level | g2l 80.6866 | 80.6866 | 80.6866 | 80.6866 | 80.6866 | 80.6860

* The development cost function is C(gq) = Kq? and K4 = 0.001.
** For the Stackelberg game, we assume firm A moves before firm B.

development costs function, we show that if K4/ Kp < 1.5, then the leader is “natural
monopoly”. The leader can safely set the quality of its flagship version the same as
when there is no competition and adopts versioning strategies to deter entry from
below.

If the follower has much lower development costs, in our case 1.5 < K4/Kp <
2.9563, then the leader has to increase its quality above the monopoly quality in order
to deter entry. If the follower has a substantial development costs advantage, in our
case K4/Kp > 2.9563, then entry deterrence is no longer optimal. The leader is better
off choosing quality at the lower Stackelberg point S’ where g4 < ¢p, as indicated in
Figure 4.2. Through our analysis for the leader with and without versioning, we see
that when the leader versions it acts more aggressively, that is, it tends to produce a

higher quality good despite a development cost disadvantage.
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Ka/Ks | 12 1 3/2 2 2.9563 |3
Stackelberg | qa 10.3227 | 24.197 | 26.3157 | 27.4738 | 28.6542 | 28.6908
Game 15 64.7292 | 126.6667 | 188.7753 | 251.0226 | 370.2737 | 375.7268
(g4 < g5) I, 0.6150 | 0.7637 | 0.827 | 0.8616 | 0.8072 | 0.8082

s 48767 | 12.2069 | 19.8436 | 27.5696 | 42.4315 | 43.1119
Entry 7 41.6667 | 83.3333 | 125 166.6667 | 246.3582 | 250
Deterrence | 114 8.6806 | 13.8880 | 15.625 | 13.8880 | 0.8072 |0
Pure aa 125 125 125 125 125 125
Monopoly | 11, 15.625 | 15.625 | 15.625 | 15.625 | 15.695 | 15.625

* The development cost function is C(q) = K¢? and K4 = 0.001.

4.6 Welfare Implications

Because the marginal cost of producing information goods is zero, to be socially
optimal the price of the information good must also be zero. We denote the socially
optimal quality by ¢© and the optimal social welfare by W©, where ¢° maximizes
social welfare WO. We know W°(¢°) = [3 ¢°8ds — C(¢°), so the optimal quality is
determined by C’'(¢°) = 1/2. All consumers enjoy ¢© at price zero with total surplus
¢°/2, firm incurs negative profit —C(¢°) (the sunk development costs). The optimal
social welfare is W©(g°) = ¢°/2 — C(¢°).

From Section 4, we know the monopoly quality gas is determined by C'(qar) = 1/4
and price pys is set equal to gar/2. Only half of the consumers in the market enjoy
the information good and the total consumer surplus is gps/8. The monopolist profit
is pr = que/4 — C(qar). The total social welfare is Wir(gar) = 3qae/8 — Cqur)-

The social optimal and monopoly, compared in Table 4.5, represent two extremes
where the first focuses on social welfare while the second focuses on the firm profits.
At the social optimal, quality, consumer surplus and total social welfare are the

highest. The monopolist obtains its profit by serving only half of the market, and the



monopolist earns the highest profit.

Table 4.5. Comparison of Socially Optimal and Monopoly
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Socially Optimal Monopoly
Quality CO) =1/ C lqu) = 1/4
Price 0 am/2
Market Coverage 1 1/2
Consumer Surplus q°/2 am/8
Firm Profit —C(q°) am /4 — Clanr)
Total Social Welfare | ¢%/2 — C(¢°) 3qa/8 — Clqur)

In a simultaneous move duopoly, given the same technology, firm A produces

g4 which is higher than the monopoly qa; while firm B produces ¢p which is lower

than the monopoly gp. The market coverage of g4 is more than 1/2 and the total

market coverage is more than 3/4. The total profits of firm A and B are less but

the total consumer surplus is higher than that of the monopoly. The social welfare

is also higher than in monopoly. In the entry deterrence situation, if the leader

accommodates entry, then it is equivalent to the simultaneous move duopoly. If the

leader successfully deters entry, it acts like a monopolist. But in this case, the leader

usually provides a higher quality than in monopoly without entry, and profits are

lower. The consumer surplus is higher in the successful entry deterrence case and

the market coverage is the same as in monopoly. In this situation, the social welfare

cannot be determined without specifying a development cost function.

4.7 Conclusions

This paper focuses on the competition of vertically differentiated information goods.

Under assumptions of linear utility function and convex development costs, we explain

why leading producers usually dominate the market. First, we reproduce the basic
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prior result in our context whereby a monopolist does not version. Next show that
under competition, producers always offer information goods with a better price-
quality ratio than in monopoly and more of the market is covered. Moreover, in a
simultaneous move duopoly neither of the producers version. However, in a sequential
game the leader can set quality higher than in monopoly to deter entry from the high-
end market, and implement versioning to deter entry from the low-end market. Thus,
for versioning to occur requires that there be a sequential game, and that in this game
it is profit maximizing for the leader to deter rather than accommodate entry.

In examining leader strategies to deter entry, although the sunk costs of develop-
ment pose a credible threat to deter potential entry from the high-end market, it may
not be profit maximizing since quality is set higher than it would be in monopoly.
Nonetheless, it is always profit maximizing for the leader to implement versioning
strategies to deter entry from the low-end market. However, for versioning to be ef-
fective, versioning must be implemented irrevocably because once the follower enters
the low-end market, it is no longer optimal for the leader to maintain its lower quality
version in the market. Thus, if the lower quality version can be removed, or priced as
though it is dominated, then versioning is not a credible threat to deter entry from
the low-end market. To make versioning a credible threat - that is, irrevocable, the
leader must have some mechanism to tie its lower quality version good with its higher
quality version to make the follower believe that the lower quality version good will
not be withdrawn from the market post-entry. One suggested mechanism is for the
leader to sign long term service contracts with consumers for all the sub-versions.

The key limitations of the paper lie in the functional form of consumers’ utility
and the distribution of consumers’ types, which restricts the generality of our results.
Our results rely on the assumptions that a consumer’s utility is multiplicative in

taste and quality, and that consumers are uniformly distributed in their individual
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taste for quality. Further research can generalize the utility function and consumers’
distribution. In the meanwhile, there are two possible extensions for this paper.
The first one is to consider network externality effect. In that case, the various
degraded versions may not just act as a “signal” to deter entry, but effective means
to maximize profit (Jing, 2002). The other extension is to consider temporal issues
for the development and marketing of information goods: timing may have significant
impact on the development costs and the consequent optimal price and quality choices

of information goods producers.



Chapter 5

CONCLUSIONS

Versioning has been broadly adopted by information goods producers to segment the
market. However, using a linear utility function where consumers’ utility is multi-
plicative in individual taste and quality, previous research shows that versioning is
not optimal for profit maximizing producers (Bhargava and Choudary 2001, Jones
and Mendelson 2005). To explain the popularity of versioning, some research ex-
plores different contexts such as network externalities (Jing 2002), competition (Jones
and Mendelson 2005), anti-piracy (Wu, Chen and Anandalingam 2003), and inter-
organizational information systems (Nault 1997) while others resort to modifying the
utility function (Ghose and Sundararajan 2005, Bhargava and Choudary 2007, Chen
and Seshadri 2007, etc.). In this thesis, we maintain a linear utility function to an-
alyze versioning strategies of information goods producers in monopoly and under
competition.

Our first essay investigates conditions that determine when an information goods
monopolist chooses to implement versioning strategies. We show that versioning
strategies are implemented only when different groups of consumers can be clearly
defined. In other words, versioning cannot be used to segment a market, rather,
versioning strategies must fit the existing market segments. Our optimal versioning
strategies are in accordance with Shapiro and Varian’s (1999) suggestion that ver-
sions should be designed to accentuate the differences between groups in their tastes.
We demonstrate that in a horizontally differentiated market, if there is no cross-
purchasing, then it is optimal to provide one version for each segment. Otherwise,

the monopolist shrinks the market in the lower-end segment to protect profits in the
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higher-end segments. As a special case of horizontal differentiation, vertical differenti-
ation is not optimal when characteristics of information goods are und1fferent1ated to .
different groups. To explain multiple versions in vertical differentiation, we 1ntroduce
group related characteristics and show that a lower version is provided only when
all higher segments are covered. We further investigate how versioning costs impact
versioning strategies and design an algorithm to determine the optimal aggregation
of segments when versioning costs are significant.

Our second essay treats information goods as experience goods and constructs
models to analyze conditions under which a monopolist implements versioning strate-
gies and explain how experience impacts pricing and versioning decisions based on
different payment arrangements. With lump sum payments, we show that a monop-
olist generates vertically differentiated versions of information goods as bridges that
lead consumers to experience the goods so that they can appreciate their true qual-
ity, and then provide upgrades to consumers who initially purchase a lower quality
version. Adopting a two-stage model, we find that if all the consumers have homo-
geneous initial expectations about the goods’ quality, then the monopolist’s optimal
pricing strategy involves upgrading all the consumers who purchase the low quality
version in the first stage to the high quality version in the second stage. In this way,
consumers that upgrade pay a tax for learning. When consumers have heterogeneous
expectations, we find that if consumers are pessimistic, then the monopolist’s optimal
pricing still drives all consumers to upgrade. However, if consumers are optimistic,
then under certain conditions', the monopolist’s optimal pricing strategy induces only
some of the consumers that initially purchased the low quality version to upgrade.
With periodic license fees, the monopolist may implement versioning strategies to
encourage more consumers to realize the true quality of the information goods when

facing pessimistic consumers, and only one version should be offered when facing
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optimistic consumers.

Our third essay focuses on competition with vertically differentiated information
goods. Under assumptions of a linear utility function and convex development costs,
we explain why leading producers usually dominate the market. We show that un-
der competition, producers always offer information goods with a better price-quality
ratio than in monopoly and more of the market is covered. Moreover, in a simulta-
neous move duopoly neither of the producers version. However, in a sequential game
the leader can set quality higher than in monopoly to deter entry from the high-end
market, and implement versioning to deter entry from the low-end market. Thus, for
versioning to occur requires that there be a sequential game, and that in this game
it is profit maximizing for the leader to deter rather than accommodate entry. In
examining strategies to deter entry, although the sunk costs of development pose a
credible threat to deter potential entry from the high-end market, 1t may not be profit
maximizing since quality is set higher than it would bé in monopoly. Nonetheless, it
is always profit maximizing for the leader to implement versioning strategies to deter
entry from the low-end market. However, for versioning to be effective, versioning
must be implemented irrevocably because once the follower enters the low-end mar-
ket, it is no longer optimal for the leader to maintain its lower quality version in the
market. Thus, if the lower quality version can be removed, or priced as though it is
dominated, then versioning is not a credible threat to deter entry from the low-end
market. To make versioning a credible threat - that is, irrevocable, the leader must
have some mechanism to tie its lower quality version good with its higher quality
version to make the follower believe that the lower quality version good will not be
withdrawn from the market post-entry. One suggested mechanism is for the leader
to sign long term service contracts with consumers for all the sub-versions.

The key limitations of our research lie in the function form of consumers’ utility,
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which restricts the generality of our results. Our results rely on the assumption that
a consumer’s utility is multiplicative in taste and quality which may be generalized
in future research. Meanwhile, there are two possible extensions. The first one is to
include network externalities that are common for a series of information goods. The
other extension is to consider temporal issues for the development and marketing of
information goods: timing may have significant impact on the development costs and

the consequent optimal price and quality choices of information goods producers.
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APPENDIX A

Proof of Lemma 2.1
First, as we treat different groups separately, this is the set-up for every group. We

can solve for 6%,n € {1,2,---, N}, which is, ¢

F(6,) — F(6)
T for 6 € [0p—1,00)}.

Or @ = 6, if there is no interior solution for the above equation. The optimal

gy = Solve{d =

price for group n is py = U(kn, @n,0%), n € {1,2,---, N}. The constraints to prevent

cross-purchasing are
U(kn,g;,0) —p; <0, for n # j and 0 € [Op—1,0,).

We know if cross-purchasing occurs, consumers in the highest group N are the most
likely to purchase the good tailored for group % because they get the most utilify out

of the shared characteristics. To prevent this, we set
Ulkn,@n,0n) —Pn <0, ne {1,2,---,N —1}.

Solving the above constraints, we get

da kne»:;
=< ,ne{l,2,---,N—1}.
an kNHTV { }

This is the necessary condition.

When the above conditions are satisfied, consumers in [Ay_1, %) do not purchase
because they get negative surplus purchasing either gy or g,. Consumers in (6%, 6y]
prefer gy to g, because they receive greater utility purchasing gy rather than g,. This

can be shown as follows:

=< —= < _kNONQa Z —kne;kﬂn Aad kNg}kVQN - kNH}k\IQa 2 kNe}kVQN - kne;kﬂn
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And we know kn6(gn — qa) > kn8:(qn — @a)- Thus we get, kn0(gn — ga) > knOian —

kn8::q,. Transforming, we get,
knban — knOnan > kn0ge — knbpgn.

Which is exactly

U(kn,an,0) — v > U(kn, Gn, 0) = Dp.

Thus, cross-purchasing does not occur in group /N and any lower group, which proves

the sufficient condition. O

Proof of Lemma 2.2

We denote the segment with the lowest priced version as segment ¢, the price for
the version is p; and a segment that is under threat of cross-purchasing as segment
4. When cross-purchasing occurs, consumers from segment j that purchase goods
designed for any other segments receive utility k;¢,8. Thus, the version designed for
the segment with the lowest price is the only version that will be cross-purchased.

If segment j is under threat of cross-purchasing, then we have k;q,0; —p; > 0. For
any segment n that is higher than segment j, we have k, > k; and 0}, > 67, and as a
consequence kng,0; —p; > 0. This means all segments higher than segment j are also
under threat of cross-purchasing. Furthermore, for any segment n that is higher than
segment j, we have 0,,_; > 6;-‘, so that k,q.0n,—1 —p; > 0, which means even the lowest
taste consumer in segment n has positive surplus purchasing the version designed for
segment 7. Thus, all consumers in segments higher than segment j either purchase

the version designed for their segment, or cross-purchase. O

Proof of Proposition 2.4
Suppose the monopolist considers introducing a lower quality ¢;, and offers ¢ to

0 € [6h,0n], and ¢ to 6 € [0;,0;). Through Proposition 2.1, we know if versioning
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is possible, then 8, and ; must belong to different groups, and we denote them as
group m and v. Suppose k, is the group taste for 8y, k, is the group taste for 6;, and

ky > ky. Then the profit maximization problem is

mesc I1(0h, 60) = meac { ku(an — @) H(Oh) + bo@H(B) }, 00 < 01 < 01 < .

01,01
We know from Proposition 2.1 that there is unique solution 6* for 8 = %%Q, for

0 e [90, 0N]

We can transform the above optimization as

mexI1(0s, 6)) = max {ankuH(61) — alkuH(8) — ko H (8] }-
We denote

0 = max {keH(0),knH(Op-1)}, for n > e,

where m is the group that 8, belongs to. Thus, we get
I1(6h, 01) = qnkuH (01) — @ulkuH(On) — ko H(01)] < kmH (0m) -

If k, H(6r) > k,H(6;), then we set m = and ¢ = 0. If k,H(0n) < kyH(8;), then we

set m = v and q; = gp. So versioning is not profit maximizing. O

Proof of Proposition 2.5

Consider when each segment is provided with a separate version. For consumers that
belong to segment n, the quality index is Y1, ¢. From (2.2) and (2.2), the price
relationship is

p1 = U(qy, 01, k1) = kanby, 0 € [65,61)
Dt = Pe—1 + kt‘]tét, ét € [ot—lyet) and ¢ € {2, T ,N}-

So the profit maximization problem for the monopolist is

N
max H(Gt) = Imax {Zktth(Ht)}, El 015 € [Qt_l,Ht) and t € {1, s ,N}
t

010N 017""0N =1
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Because H(6) is monotonically increasing for 8 € [0y, 6*), for segments that are lower
than e, the optimal H(f;) is reached when limg, _,q, 0, = 6,, which means segments
that are lower than e are not served. If Oy_; < 6%, then only segment N is served,
which means only one version is provided by the monopolist. Equivalently, we get
versioning is optimal only if 8* < Oy_;.

Now consider when versioning is optimal 6* < Oy._;. Here only segment e and
higher segments are each provided with a separate version and the monopolist’s profit
maximization becomes
9:?-8:?){,\, I1(9,) = ofl‘e?ch { ; k:q. H (6%) +; kg, H ( Ht)} 50, € [0,—1,6:) and t € {e, -
Because H(f) has a global maximum at §*, for segment e, only consumers in [6*,6,)
are served. The optimal quality for segment e is Y ;_; ¢ and the optimal price is
Pe = 0* 3%, kigi. Moreover, as H(6) is monotonically decreasing for 8 € (6*,0x], we
get 0~;" = @;_, for t > e, which means all segments higher than e are covered. The
optimal quality for each segment higher than e is Z{=1 g, and the optimal price is
p; = S0 kg0 + o1 keqibs—y for j € {e+1,---,N}. Thus we get the optimal
profit

e N
= Z l{:tth(e*) + Z ktth(Ot_l). O
t=1 t=e-+1

N}.
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APPENDIX B

Proof of Corollary 1

For 8,4 € [0, 6%, all the consumers in [6*, 1] are informed. The monopolist simply sets
pr = 0*qn to sell the highest quality to informed consumers in [6*, 1] to get optimal
profits IT*. Because all consumers who buy are informed consumers, only one version
is provided by the monopolist.

For 6,4 € (6%, 1], the monopolist has three options: 1) still choose to serve [0*, 1]
with gy, 2) choose to serve only the informed consumers in [fg4, 1] with g, or 3)
provide two versions ¢ and ¢;.

For Case 1, the optimal profits are II; = 6*R,[1 — F(6*)] when setting price as
0*Ry,. For Case 2, the optimal profits are Ily = Oy4qn[l — F'(0014)] when setting price

as Byqqn. For Case 3, from the monopolist’s profit function, we have
H(Qh, (9[) =0, [qh — QZ] [1 — F(Qh)] + 0,R; [1 — F(@L)] .

Optimal profits are obtained when ), = 0,y and 6; = 6%, and II3 = 6* R, [1 — F(6*)] +
bota [gn — @) [1 — F(Oua)}-

The monopolist chooses the optimal profits among the above three cases.

e For Case 1 to be optimal, IT; > II; and II; > II3. Thus, Gotdll=F0ota)] - % and

o~ [I—F(6")]
o1d[1—=F(8o1d) R,—FRy s b ia Qotd[1—F(6o14)] i [ Bn Bp—R
PR < ar—q» Which is <5=FEh < min{ g =gt}

e For Case 2 to be optimal, IT, > II; and Il > II3. Thus, Gotall=F (Botg)] -, %} and

0* [1=F(6*)]
Oota|t=F(6o1a)] Ry soh jq Gatdll—F(Bord)] By Ry
O*[1-F(0%)] > q’ which is 0*[1-F(6")] > max{ o’ a’t’

Ep—FR - Botall=F(0oia)]
’ gh—q 0*{1-F(6*)]

e For Case 3 to be optimal, II3 > II; and II3 > II,. Thus

&
q
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Proof of Corollary 2
When we substitute p, and p; from (3.1) and (3.2), the monopolist’s profit function

is expressed as

g, hax M = Oulgn—a] [[1—F6n)] + [FOoa) — F(6,)]] + -
bra [[L—F(6)] + [FOua) = FO)],

50 <0, <6, <Oua <6 <6, <L

It is equivalent to maximizing

maxTl = 6, [[L = F)] + [F(0ota) — F(61)]] (5.1)
and

maxTl = 6, [[L= F(O)] + [F(6ua) — F(&))] (5.2)
separately.

When we substitute p, and p; from (3.15) and (3.16), the monopolist’s profit

function can be expressed as

jme I = 6, [Ry— Rl [[L=FO) + F(0ua) — F6,)]] +
6, Ry [[L=F(0)] + [F(0aa) — F(6)]],

50 < 6 <0, < 0ua <6 <6 <1

It is equivalent to maximizing

maxIl = 6 [[1—F@)] + [Fad) = FO)] (5.3)
and
maxl = ¢ (L= F@)] + [F(8aia) — F(O)]] (5.4)

separately.
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Comparing (5.1), (5.2), (5.3) and (5.4), we get that (5.1) and (5.2) have exactly
the same functional form while (5.3) and (5.4) have exactly the same functional form.
Thus we conclude that for the monopolist’s profit maximization problem, 8, = 6,
and 6, = ;. It indicates that a monopolist that maximizes the current period profits

provides only one version. O
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APPENDIX C

Proof of Proposition 4.1

We already show that in monopoly, only one version is provided. Using the envelope
theorem, we get par/qar = 1/2. Substituting back into the profit function, we have
Iy = gur/4 — Clqar). Based on the first order condition, we have C'(qar) = 1/4. For
the monopolist to profitably launch the information good, we have Iy = gp/4 —

Clqgar) > 0, thus we get C(qm)/am < 1/4. So we have Clgn)/am < C'(gar). O

IT4(qa,qB) is concave in g4 and IIg(ga,qp) is concave in gg.
Proof. From (4.3), take the second derivative of I14(g4, gp) with respect to g4, we

have
0°Ta(ga, g5) _ _845(594 +m) _
0¢4 (4g4 — qB)*

alga) <0

and

0%Tl5(ga, g8) 2¢%(8ga + TgB) "
0% T (404 —qB)* 5(4) < 0.

Thus we have IT4(qga,qs) is concave in g4 and IIp(ga, gg) is concave in ¢g. O

Proof of Proposition 4.3

In the text we show that the leader providing a high quality good decreases its quality
in a Stackelberg game. Here we show in detail that the leader providing a low quality
good increases its quality in a Stackelberg game. This is the case when g4 < ¢p.

From (4.4), we can get IT4 as

T4(qa,98) = qaqs [a5 — q4] / [448 — qa]® — Calga),

and we have
OTl(q4,98) _ 44194 + 295]
g5 495 — gal®

>0. - (5.5)
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From (4.5), the best response function gg(qa) is determined by

Ci(qs) = 445 [4q% — 3qags + 204 / [4g — qa]®.

If firm A increases ga, Cp(gp) increases, and so does gg. Thus, we derive from the
best response function that dgg/dgs > 0.

At the Stackelberg point

Ol 4(q4,q8(qa)) + Ol a(qa,q8(qa)) dgs _
0q4 9qp dga

0,

and we have 011 4(q4, g5(qa))/0qs > 0 and dgg/dga > 0, then 011 4(qa, g5(qa))/0qa <
0.

We know at the Nash equilibrium point, 8114(qa4, ¢8)/094 = 0. From our analysis
of the simultaneous game, we know at the Nash equilibrium, 0114(ga4,98)/0qs =
0. Denoting the Stackelberg quality provided by the leader as ¢5 and the Nash
equilibrium quality as ¢§', from the concavity of IT4(qa, g5) in g4 we have ¢5 > ¢Y'. It
means with first mover advantage, the leader that provides low quality good increases

its quality to increase its profit. O

Entry Deterrence with Versioning.

i) If ¢§ < qur, then the leader can safely deter entry at gir and get the optimal profits.
Versioning is implemented and the follower is out of the market.

i) If gir < ¢§ < qB7, then the leader cannot deter entry at g It is still optimal
for the leader to deter entry and obtain monopoly profits because she still gets more
profits than if she chooses to accommodate entry, which is xs(q%) > Ta(q¢5,q3).
The optimal quality of the information good provided by the leader is thus q%. Ver-
sioning is implemented and the follower is out of the market.

iii) If qar < ¢§7 < ¢, then the leader is better off accommodating entry because the

optimal profits she gets from entry deterrence are less than if she chooses to produce
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at g3 to accommodate entry, which is Iy (q®) < a(q3 ,¢5 ). The optimal quality of
the information good provided by the leader is thus ¢5 . The corresponding quality

of good by the follower is ¢ . No versioning is implemented. D
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GLOSSARY

First degree price discrimination. The case where the firm can extract all the
surplus from a heterogeneous set of consumers. It means each consumer pays the

maximum he or she is willing to pay. It is also called “perfect price discrimination”.

Market segmentation. The aggregating of prospective buyers into groups (seg-

ments) that have common needs and will respond similarly to a marketing action.

Product differentiation. A marketing process that showcases the differences be-
tween products. Differentiation looks to make a product more attractive by contrast-

ing its unique qualities with other competing products.

Product line. Group of products produced by a firm that are closely related in use

and in production and marketing requirements.

Second degree price discrimination. Price discrimination schemes in which the
firm knows that consumers differ in ways that are important to the firm but it is
unable to identify individual consumers so as to be able to discriminate directly.

Thus the firm offers consumers a schedule of prices to choose from.

Software release. The distribution, whether public or private, of an initial or new

and upgraded version of a computer software product.

Third degree price discrimination. Price discrimination schemes in which the

firm can base prices directly on group identity.

Versioning. To offer a product in different versions for different market segments.



