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Online information servers that provide access to diverse databases where users can
search for, browse through, and download the information they need have been rapidly

increasing in number in the past few years. Online vendors have traditionally charged users
for information on the based on the length of the time they were connected to the databases.
With hardware and software advances, many online servers have recently started changing
their pricing strategies to search-based and/or subscription-fee pricing. This paper examines
the various issues involved in pricing these information products, and presents an economic
approach to analyze conditions under which the various pricing schemes may prove optimal
for the online servers. Our results show that the variation in consumer expertise and valua-
tion of information affects the choice of a pricing strategy by the server. We present general
conditions under which subscription-fee pricing is optimal even when consumer demand is
inelastic. We also find that, given the cost structures characterizing the market, undifferen-
tiated online servers can compete and coexist in the market each making positive profits.
We show that in a competitive setting an increase in costs of online servers can sometimes
benefit them by enabling them to differentiate themselves. Our results offer insights into the
trends in pricing strategies and may provide an explanation as to why many servers may
persist with connect-time strategies.
(Pricing; Digital Products; e-Service; Game Theory )

1. Introduction
Recent years have seen a steady growth in the num-
ber of information services companies that offer elec-
tronic access to proprietary databases. With firms in a
variety of different industries facing increased world-
wide competition, there is a greater need for accurate
and timely information. This trend has translated into
an annual $33.5 billion market for the electronic infor-
mation services industry for 1998 in the United States
alone with a annual growth rate of 7.5% (Communi-
cations Industry Forecast 2000). There are two types
of firms engaged in the information services business:
information producers, who develop and update the
databases, and online vendors, who provide online
access to these databases. Together these firms meet
customer information needs in diverse areas such

as marketing information (market research, direct
marketing, product movement, audience assessment),
financial information (credit information, financial
and economic information, stock quotes), chemi-
cal abstract services, legal abstract retrieval services,
news retrieval services, and medical journal abstract
retrieval services. Although such information is pro-
vided through various media such as print, CD-ROM,
magnetic tape, floppy disk, etc., 70% of the revenue
is generated from online delivery, where consumers
access these databases through online servers. There
were more than 14,000 online servers operational in
late-1999 (Gale’s Directory of Databases 2000). With
the rapid development of telecommunication tech-
nologies and the Internet, this number is expected to
grow at an increasing rate.
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How the information product is priced is an issue
of considerable importance to (1) the producers of
the databases, (2) the online information servers who
provide access to these databases, and (3) the cus-
tomers who use the information. With the growth
of the industry, online servers, as providers of con-
sumer access to many proprietary databases, have
been dominating the market and have had a sig-
nificant impact on the information product pricing.
Traditionally, the online servers charged a connect-
time-based pricing in which consumers pay on the
basis of the time they are connected to the database.
The servers, in turn, shared a percentage of the
connect-time charges with the database producer as
“royalties” for using the database. However, with
rapid improvements in information technology, bet-
ter search algorithms, increased data transfer rates,
increased connectivity, and capacity, this pricing strat-
egy has become so cumbersome to implement and
enforce that many online servers, consumers, and
other market participants have started questioning
the wisdom of the connect-time pricing strategy. Thus,
while connect-time pricing still remains a common
pricing strategy in the industry, a significant num-
ber of servers have started adopting different pric-
ing strategies. Some are based on successful search—
where successful search is defined as one which
results in viewing/downloading of desired informa-
tion and consumers pay only when they successfully
retrieve (view and/or download) the desired infor-
mation (per search pricing). Other methods of pricing
include flat-rate pricing (or subscription-based pric-
ing) and different variations of connect-time, search-
based, and subscription pricing.
While there seems to be a general agreement

among all industry participants that the dominance
of connect-time pricing strategy may almost be over,
there is no consensus among the online servers, who
traditionally set the prices the customer pays, or
among the database producers, as to what could be a
viable alternative to the connect-time pricing strategy
(see for example, Gregory 1992, Stricker 1995, Abels
1996). While some practitioner-oriented articles have
addressed this issue (see Nelson 1995, Hawkins 1989,
Rawley and Butcher 1996) and there has been sig-
nificant research in a related area of network access

pricing (Gupta et al. 1997, Konana et al. 1996, 2000,
Dewan and Mendelson 1990, Shenker 1995, Stidham
1992), there is a clear need for formal research in
understanding the pricing strategies for the sale of
information products over the network environment.1

The purpose of this paper is to provide a formal
analysis of the pricing issues for information prod-
ucts. Specifically, we provide a unified framework for
examining the pros and cons of the various pricing
strategies from the perspective of the various mar-
ket participants. We present an economic approach to
analyze the conditions under which various pricing
schemes may prove to be optimal for online servers.
We also examine how competition among database
producers and among online servers can affect the
pricing strategies that are adopted. We also show
how some of the recent market developments can
be explained within the framework of our modeling
approach.
The rest of the paper is organized as follows. In

the next section, we provide an overview of the infor-
mation services industry, the players in the market, a
short history of the pricing practices, and the issues
and implications of the various pricing strategies. We
also position our research in the context of related
work in OR, MIS, and economics. In §3, we develop
a model of the information market with a monopolist
online server. In §4, we extend the model to consider
the impact of competition among online servers and
in §5, we present other model extensions. We discuss
the implications of our analysis for the information
market, and conclude the paper in §6.

2. Online Information
Products Market

2.1. The Market
There are three key players in the online informa-
tion services market: the information producer, the
online server/vendor, and the information consumer.
The clients were and have been mainly organiza-
tions including large corporations in diverse indus-
tries, libraries, research centers, research firms, and

1 In §2.4, we discuss this literature in greater detail and position our
paper in relation to prior work.
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Figure 1 Information Revenue Stream
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(Source: Online, March 1989; David Hawkins).

small businesses. As the online services market grew
and online technology improved, the power of online
vendors (such as, for example, Mead and DIALOG)
increased, and many database producers started using
online vendors to gain access to the large markets
the vendors owned. Over time, the revenue from
print products have been steadily decreasing for the
information producers while online revenues have
been steadily increasing. Even though developments
in technology have allowed information producers to
gain access to some of the customers through the
sales of data products on CD-ROMS, direct tape loads,
and related technology, online delivery still accounts
for more than 70% of their revenue, thus preserv-
ing the clout of online vendors. In recent years, there
has also been vertical integration in the market with
many information producers starting their own online
servers, and online servers getting into database pro-
duction through acquisitions.

2.2. Information Revenue Stream
It is necessary to have an overview of the informa-
tion revenue stream in the online information market
to understand the pricing issues. There are two ways
a user can connect to a server: indirectly through a

gateway or directly through a packet switched net-
work (see Figure 1). In the first case (Figure 1A), the
gateway provider charges the user for the link and
arranges for the link between itself and the online
server. The server then charges the user for the infor-
mation and pays to the database producer. In the sec-
ond case (Figure 1B), the online server collects all pay-
ments from the user and pays the database producer
and the packet network provider. Among the online
servers, the second approach is more common.
One of the unique aspects of purchasing informa-

tion online is that it is usually paid for as it is retrieved
or after it is retrieved as against printed information,
which is paid for in advance. Since there is uncertainty
involved in searching for the information needed,
the primary concern of early online servers such as
DIALOG Information Services was to develop a pric-
ing scheme that was easily understood by all and
reduced the uncertainty in what the consumer would
pay. This was the start (in 1971) of the connect-time-
based pricing where consumer pays on the basis of the
time he or she is connected to the server. The online
server, in turn, pays royalties to the database producer
and connect charges to the packet network provider
based on the connect time. When the partnership
between information producers and online servers
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first started, the royalty split was around 50%–50%
between the two. However as competition increased,
and as online servers’ cost of sales went up, the royalty
split changed with more revenue going to the online
vendors. The standard royalty split currently is in the
range of 25%–35% for an information producer (Abels
1996, p. 236), depending on how exclusive and differ-
entiated the information product is.

2.3. Issues in Pricing
Connect-time pricing is still a very commonly used
strategy among the large online servers (e.g., DIA-
LOG and BRS). However, there are many problems
with this strategy. First, connect time does not relate
well to the amount of information retrieved, and thus,
sophisticated searchers get more information for their
money than naïve users. Second, many consumers
tend to structure their searches in advance, use PC-
based search software (for example, ProSearch), and
minimize their time online, thus minimizing the use
of the interactive nature of the system. Also, advances
in modem technology and speeds have led to shorter
connect times and the need for frequent changes
in connect-time rates. In addition, clients find the
connect-time pricing difficult to budget in advance as
the more one searches the more one pays. Also, it is
paradoxical that the more successful an online server
is in terms of providing information, the less prof-
itable it becomes for the server to provide the infor-
mation.
Given the disadvantages of connect-time strategy,

in 1985 EasyNet announced a flat fee per-search pric-
ing in which the user pays a single fee for a success-
ful search, and it was soon followed by ESA-IRS, a
Europe-based online server. In this pricing scheme,
users pay only for the information that is success-
fully viewed and/or downloaded. Thus, “success”
is defined on the basis of viewing/downloading the
desired information. In addition to the “success” fee
a small fixed session fee is charged regardless of
whether information is purchased or not.
Finally, in early 1993, some online servers (OCLC

FirstSearch, H. W. Wilson Company, etc.) started offer-
ing subscription-fee pricing, that is, a single fee for an
entire year’s worth of searching, no matter how many
searches are done or how many items are retrieved

Table 1 Pricing Strategy of Online Servers

1997 2000

Number of Number of
database database

Pricing strategy servers % servers %

Connect-time-based pricing 483 67�4% 447 62�3%∗

Search-based pricing 149 20�8% 167 23�2%
Subscription-fee pricing 70 9�7% 89 12�4%
Others 15 2�1% 15 2�1%
(free, contracts, contribution)

Note. The 1997 data is based on a survey of 508 databases randomly chosen
from Gales 1997 Directory of Databases and Online Servers. The 2000 data
is based on the survey of almost the same databases (96% overlap) from
the Gales Online Directory. A ∗ indicates significantly (at 0.05) different ratios
over the two time periods based on a two independent sample t-test.

(Tenopir 1993). The subscription fee that is contracted
with a customer generally depends on how much a
customer has searched in the past with the other pric-
ing schemes, plus a percentage to account for the
anticipated increased usage once the subscription fee
is in place (There are exceptions, such as H. W. Wilson
Co. whose prices are the same for all customers).2

Though the subscription-fee per year strategy is not
really cheap for all clients, it does take away the
uncertainty in budgeting and could be seen as a viable
option for high-volume consumers. The subscription
fee generally varies for the same customer from year
to year depending on the past year’s usage so as to
ensure that the online servers get adequate return.
The current status of pricing in the industry is as

follows: While more servers have started adopting
per-successful-search pricing or subscription-fee per
year pricing (O’Leary 1993), many servers continue
to use the connect-time-based pricing (Nelson 1995,
Abels 1996). Table 1 shows the incidence of various
pricing strategies adopted by servers for accessing
databases based on a survey of 510 databases (718
database-server combinations) drawn randomly from
the Gale’s Directory of Databases and Online Servers

2 While the subscription fee strategy could be seen as a move to
take on the CD-ROM market, the fact is that CD-ROMs were never
in direct competition with online servers, which offered a lot more
services, search algorithms, and flexibility, that CD-ROMs could
never match. Thus, the impact of CD-ROMs on online information
market has never been very significant (see Tenopir 1996).
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(Gale’s Directory 2000) (approximate 5% sample). As
seen from Table 1, over the two time periods shown
(1997 and 2000), an average of 65% of the instances
a connect-time based pricing strategy is used as com-
pared to an average of 22% of the instances involv-
ing search-based pricing strategy. Some servers are
also adopting different pricing strategies for access-
ing different databases through their online services.
Connect-time-based strategy is also quite popular
with the database providers for calculating royalties
as they understand the implications of revenue better
than with the other newer strategies (Nelson 1995).
Online service providers and online practitioners are
still debating the pros and cons of the different pric-
ing strategies, and no consensus has emerged as yet.
Against this backdrop, there are several questions

that the industry is confronted with. Are the days
of connect-time-based pricing over? Will the techno-
logical advances and the significantly lower marginal
costs for computing, storage, and telecom make the
strategy obsolete? If this is the case, why is connect-
time-based pricing still the most widely observed
strategy (Table 1)? What will be the impact of alterna-
tive pricing strategies on the continued viability of the
database producers? How will competition between
database providers affect the pricing strategies? How
will competition between online servers shape the
market and pricing strategies? Our objective in this
paper is to provide a simple modeling framework that
will provide a starting point for gaining insights into
the research questions posed above. Given the power
structure in the industry, we examine these issues
from the perspective of an online server.

2.4. Related Literature and Research Positioning
Pricing of information services poses some issues that
are not studied in the traditional pricing literature (for
reviews see, for example, Lilien et al. 1992). The typi-
cal pricing problem involves a situation where a con-
sumer knows the price of a product before he or she
buys the product and the seller knows the cost that
he or she incurs for the product for a given consumer.
However, this assumption is not necessarily true in
the pricing problem that we study. This is because
the time that a consumer takes to find the desired
information is usually a random variable. Since most

database providers charge online servers on the basis
of connect time, the cost of searches for the servers is,
therefore, also a random variable. Furthermore, if the
online server also charges a connect-time-based price,
the price that each consumer pays is also a random
variable. Thus, a consumer makes a purchase decision
without perfect knowledge of the price he or she is
going to pay.
There are two streams of literature that are related

to the work we present in this paper. First, there is
a large body of literature which has dealt with pric-
ing of network services when network congestion is
an issue. The second streams deals with pricing of
information goods which are sold over a network. We
discuss each of these streams of literature.

Pricing of Network Services. There is substan-
tial amount of research which has examined how
network services should be priced when networks
have limited capacity and network congestion is an
issue. Mendelson (1985) examines optimal pricing for
computer services. He considers a situation in which
usage by a consumer exerts a negative externality on
other consumers by increasing delay costs. He finds
that in order to maximize the efficiency of the sys-
tem, users should be charged on the basis of the
externality that they impose on other users. Thus, his
results suggest that optimal pricing is related to usage
amount. Mendelson and Whang (1990) extend this
analysis by considering various classes of users and
derive an incentive-compatible pricing scheme which
can maximize the net value of the system. Dewan and
Mendelson (1990) extend Mendelson’s (1985) analy-
sis by considering both user’s delay cost and capac-
ity cost. Stidham (1992) examines optimal pricing
and capacity decisions. Westland (1992) extends these
models by considering both positive and negative
externalities.
Some authors have specifically focused on design-

ing optimal pricing schemes for Internet services so
as to ensure proper allocation of Internet infrastruc-
ture. Cochi et al. (1993) suggest that optimal pric-
ing of network services require that consumers are
charged on the basis of service that they desire. For
example, consumers desiring faster transmission need
to pay a higher price. They show that such a pric-
ing scheme can lead to optimal network performance.

Management Science/Vol. 48, No. 9, September 2002 1127



JAIN AND KANNAN
Pricing of Information Products on Online Servers

The pricing scheme that the authors propose is static
in that the prices do not change with the degree of
congestion. MacKie-Mason and Varian (1995) propose
a dynamic pricing scheme in which users of Inter-
net services should be charged on the basis of usage
when the network is congested. They propose a smart
market mechanism in which each user would bid
a price for processing their job. The smart mecha-
nism will determine the prices that will be paid by
the users on the basis of congestion and the users’
bids at the time. However, the proposed smart mar-
ket mechanism may be difficult to implement (Gupta
et al. 1996). Gupta et al. (1997) also study the pric-
ing of Internet services when network congestion is
an issue. They propose a pricing scheme in which a
user of Internet services can choose from a menu of
options which include the price, quality level of ser-
vice, expected time at which the service will be pro-
vided, etc. Using a computer simulation model, they
show that approximately socially optimal prices can
be implemented in a practical decentralized system.
In the context of pricing of real-time databases,

Stonebracker et al. (1996) suggest an economic
approach for managing a wide area distributed net-
work. They propose a new distributed database man-
agement system called MARIPOSA, in which jobs are
processed by a broker on the basis of bids (which in
turn are based on cost-delay curves). Konana et al.
(2000) propose priority pricing policy (which is sim-
ilar to MARIPOSA) for managing databases. How-
ever, their approach accounts for the dynamic envi-
ronment by considering not only the current but also
the future arrival rates. They propose an implemen-
tation methodology for their theoretical model. Using
simulation they show that their approach can increase
efficiency.
In summary, the primary purpose of the research

on network pricing is on relating the performance of
the pricing schemes on network loads and congestion,
and understanding how price discrimination strate-
gies can affect optimal access times/costs and increase
overall consumer welfare. Our model, instead, focuses
on the pricing of information product that uses the
networks as an infrastructure. We do not consider the
factors of congestion externality or the capacity con-
straints in the supply side. Our formulation considers

the optimality of various pricing schemes that firms
use to offer information services. Similar to the lit-
erature in network pricing, our model also considers
the implications of delay on optimal pricing schemes.
However, the reason for the delay is entirely different
in our model from the research in network pricing.
In particular, we do not focus on delay arising out of
network congestion but instead focus on the poten-
tial delay that a consumer faces when s/he is search-
ing for information in a database. This delay may be
related to the size of the database, the complexity of
the query, the sophistication of the user in formulat-
ing queries, etc. In this context, unlike prior literature
on network pricing, we consider the impact of risk
averseness of consumers and its impact on optimal
pricing.

Pricing of Information Goods. Our research is
also related to the recent literature which focuses on
the pricing and distribution of information goods.
This research also does not consider network conges-
tion issues and primarily focuses on the selling of the
information good itself. Dewan et al. (2000) examine
whether producers of proprietary databases should
distribute their information products only through
proprietary channels or also through the Internet.
They conclude that if the market is sufficiently com-
petitive then database manufacturers may find it prof-
itable to use both channels. Bashyam (2000) exam-
ines whether information producers should offer their
products online so that they can purchase the prod-
ucts on the basis of usage or on a CD-ROM which can
be purchased by paying a fixed fee. In a duopoly set-
ting, he shows that in equilibrium one firm will offer
its products online while the other firm will offer CD-
ROMS. The focus of these papers is however on chan-
nel selection and not on pricing issues. Therefore, they
do not consider various pricing mechanisms that are
observed in practice and their optimality in different
scenarios. These models do not account for the uncer-
tainty consumers face in searching and with respect
to prices.
Finally, Bakos and Brynjolfsson (1999, 2000) also

examine how firms should distribute and price dif-
ferent information goods. In particular, they exam-
ine whether firms should bundle different infor-
mation goods and charge one bundle price. Their
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results show that firms can benefit by bundling if the
marginal cost of production of goods is low. Their
focus is on the optimality of the bundling strategy
when a firm offers a variety of information goods
which is quite different from ours. They do not con-
sider the issues of consumer uncertainty in the search
process. Also, they restrict the firm to charge either
on the basis of per unit good or on the basis of a fixed
price for multiple units.
In summary, in contrast to the earlier research, our

paper focuses on the optimality of various pricing
mechanisms that are observed in practice. Since our
primary focus is on the pricing of the database, we
ignore network congestion issues. We consider a situ-
ation in which consumers are searching for informa-
tion from a database. We assume that there is some
uncertainty about the time that it will take for the
information to be retrieved. In this context, we eval-
uate the conditions under which a firm may wish to
charge on the basis of connect time, successful search,
or offer subscription plans. Our research is also differ-
ent from the prior literature in that it explicitly incor-
porates the impact of uncertainty on consumers’ pur-
chase decision.

3. Model
Consumers typically enter the database with the
intent of finding specific information. However, con-
sumers only have an estimate of the time it will take
them to successfully retrieve the desired information.
Let us assume that a consumer has a valuation v for
a unit of information which takes him or her time
t to retrieve where t is a normally distributed ran-
dom variable with mean � and variance �2. The unit
of information could be a page or a report—a dis-
crete, logical unit that provides the desired informa-
tion. Note that � and � are related to many consumer-
specific and firm-specific characteristics. For example,
a firm may have an inefficient search engine which
increases the expected time for successful retrieval of
information. On the other hand, the ability to search
and the complexity of the search query may vary
across consumers and can determine the time that it
takes a consumer to retrieve information. Although
our model does not explicitly account for each of

these separately, it does so implicitly by acknowledg-
ing that the parameters � and � varies across the pop-
ulation. We assume that the consumers are risk averse
with a utility function of the form −exp�−ky�, where
k is a risk parameter and y is the surplus (which
may be a random variable). We assume, for now, that
an individual consumer’s demand is inelastic. This is
reasonable in the context of information goods and
within the price ranges encountered in practice. We
relax this assumption later and show that most of our
results continue to hold even if demand is elastic.
We assume that the online server (which is an inter-

mediary) is risk neutral and pays c to the database
producer for each unit of time that the consumer
uses the database.3 This assumption is in line with
the actual practice as discussed before (see Hawkins
1989, p. 21, Abels 1996). We assume that the online
server is a monopolist. This assumption is true for a
large proportion of the market (see Table 2). Later, we
also reexamine these issues in a duopoly setting. We
will consider the three most common pricing schemes
discussed earlier: connect-time-based pricing, flat rate
per successful search pricing (which we will call
search-based pricing), and subscription pricing. We
will also examine the possibility when the firm can
offer consumers the option of either going with a
combination plan or with a subscription plan which
allows unlimited use of the database. We denote the
subscription fee by F , the connect-time fee by pc and
search-based fee by ps . If the online server charges
consumers a price pc on the basis of connect time,
then a consumer who uses time t pays a total price
tpc. However, if the server uses a search based pric-
ing strategy the consumer pays a fixed price ps per
“successful” search. We define successful search as
one which results in viewing/downloading of desired
information from the database.4

3 We are not explicitly considering the payments made to the packet
switch network/telecom carrier by the server. Since these payments
are also based on the connect time, they may be included in c

without any loss in generality.
4 Of course, the value that a consumer receives depends on the “fit”
between the downloaded information and the consumers’ tastes.
This “fit” can often be only assessed after viewing the information.
For the moment, we assume that this fit is either perfect, i.e., has a
valuation v or has zero valuation. Later, in §5, we will discuss how
relaxing this assumption will affect our analysis.
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Table 2 Online Server Pricing and Channel Structure

1997 2000 No. of
Channel structure and server pricing % % Databases

1 Databases available only through a
single server

358

Pure connect-time pricing 71�0% 62�8%
Pure subscription-fee pricing 2�2% 5�9%
Combination of search based/

subscription-fee
10�1% 14�5%

Independent contracts and other
pricing basis

16�6% 16�6%

2 Databases available through two
servers

73

Both servers connect-time pricing 13�6% 8�2%
One connect-time; other search/

subscription-fee
45�2% 46�6%

Other combinations 38�4% 42�5%
Both pure subscription-fee pricing 2�7% 2�7%

3 Databases available through three or
more servers

66

All connect-time pricing 1�5% 1�5%
One connect-time; others different 25�8% 24�2%
Other combinations and mixed

schemes
72�7% 74�2%

Note. Data based on survey of Gales’ Online Directory of Databases and
Online Servers (1997 and 2000). Databases with free access are excluded
from the above table.

To analyze the optimal pricing scheme, we must
recognize that the various parameters in the model,
i.e., �, and v, are likely to vary across consumers. To
keep the analysis tractable and to highlight the differ-
ential impact of variation in each parameter, we will
conduct the analysis by allowing one parameter to
vary across consumers and keep the other parameters
fixed. Later, we examine the case when both � and v

vary.5

3.1. Valuation v Varies Across Consumers
We first consider the case where � and � are the same
across the population but v is distributed across the

5 We have also examined the case when � varies across the pop-
ulation. In terms of pricing implications, the results are the same
as those for the case when v varies. To preserve space, we do
not present this analysis in the text but instead present it in
Technical Appendix C. All appendices can be viewed at http://
mansci.pubs.informs.org/ecompanions.html or requested from
authors.

population according to a continuous and twice dif-
ferentiable probability distribution function f �v�. To
ensure that the profit functions are quasi-concave and
an optimal strategy exists, we assume that the distri-
bution function is such that the hazard rate for the
function is nondecreasing.6 This technical condition is
satisfied by a variety of distribution functions includ-
ing uniform, chi-square, exponential, Laplace, logistic,
normal, and the extreme-value distribution.7 Further-
more, under some parameter restrictions the condi-
tion is also satisfied for the Weibull distribution, Beta
distribution, and the log-logistic distribution.
The online servers can offer (a) a connect-time-

based price, (b) a flat rate per successful search price,
or (c) a combination of (a) and (b). We also consider
the case when the firm can offer consumers a menu
of options in which they can either choose to pay a
subscription fee for unlimited usage or pay a combi-
nation of search-based or connect-based price. Since
the pricing trends in the industry have transformed
from a pure connect time to other forms, we first
analyze pure connect-time price versus flat rate per
search price.
If the online server charges a price pc per unit

time (i.e., a connect-time strategy), and the consumer
enters the market then the consumer receives utility v.
The consumer’s costs are pct, which is normally dis-
tributed with mean �pc and variance p2c�

2, where �

and � are the mean and standard deviation of time to
retrieve t. In this case, the consumer’s certainty equiv-
alent from entering the market is

CE�pc�= v−pc�−kp2c�
2/2� (1)

where k is the risk parameter. The consumer will pur-
chase only if his/her certainty equivalent is greater
than zero.
Assuming that all consumers either buy one unit

or do not purchase and normalizing the market size

6 Lemma 1 in Technical Appendix A shows existence and unique-
ness of optimal pricing schemes under this condition.
7 In the context of profit maximization, this condition translates into
the requirement that for each unit increase in price, the fraction
of the remaining customers that the firm loses is increasing. This
ensures that the profit function is quasi-concave and an optimal
price exists.
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to one, the total demand for the online server under
connect-time strategy is

Dc =
∫ �

pc�+kp2c �
2/2

f �v�dv� (2)

The online server’s expected profits are

�c = ��pc − c�
∫ �

pc�+kp2c �
2/2

f �v�dv� (3)

Now consider the case when consumers are
charged on the basis of successful searches of infor-
mation. In this case, consumers bear no risk and there-
fore the demand for the server at price ps per unit of
successful search is given by

Ds =
∫ �

ps

f �v�dv� (4)

and therefore total profits are given by

�s = �ps −�c�
∫ �

ps

f �v�dv� (5)

We have the following proposition.

Proposition 1. If consumers vary in terms of v and if
��k > 0 then the server makes higher profits by charging
on the basis of successful searches rather than on the basis
of connect time, i.e., �∗

s > �∗
c .
8

The reason for the proposition can be understood
by noting that a search-based strategy essentially
removes any risk for the risk-averse consumers. Thus,
the result says that a risk-neutral firm can always ben-
efit by insuring the risk-averse consumers. This insur-
ance allows the server either to charge higher prices
or to get a substantially larger market (or both). Thus,
it is not surprising that the major need cited in the
push towards search-based strategy was increasing
the market size and the need to move the risk-averse
consumer from saving time to using more information
(Garman 1990).

Proposition 2. If the server uses a search-based pric-
ing, its prices increase with c and �. If the server charges a
connect-time-based price, its price increases if c increases.
Further, the server’s (connect-time-based) price increases
as � decreases.

8 Proofs of all propositions are in Technical Appendix A.

The proposition shows that search-based prices
decrease as the intensity of competition among
database providers increases (and therefore c

decreases). The results also show that as � decreases,
a server using a search-based strategy will decrease
its prices. However, if the server charges on the
basis of connect time, its prices will increase if �

decreases. Note that � decreases steadily as technol-
ogy advances: when consumers have faster access to
the database, e.g., via a faster network or modem,
or when consumers become more efficient searchers
with the availability of PC-based search algorithms.
With rapid technological advances and consumer
sophistication, the results show that one will observe
vastly different impact of such developments on pric-
ing of online servers with different pricing schemes.
The servers using connect-time-based strategies have
been forced to increase their connect-time prices to
keep up with the technological changes (Garman
1995).

Proposition 3. If consumers vary in terms of v and
the server uses a search-based pricing, its profits always
increase if � decreases. However, if the server uses a
connect-time-based pricing, then its profits increase as �

decreases if and only if �p∗c −c�p∗c�
2k <�c. If a server uses

a connect-time-based pricing, then for low values of �, its
profits always decrease as � decreases.

The results with respect to �s are intuitive since a
server which uses a search-based strategy can only
benefit when the average search time decreases, since
this implies that the costs for the server are lower.
However, this is not always true when the server
is charging consumers on the basis of connect time,
since a decrease in the search time not only decreases
the costs but also the revenues. Using the inequality
in the proposition, we can see that the result implies
that if the consumers are highly risk averse (k is large)
and/or if there is large uncertainty in the search pro-
cess (�2 is large), then the firm charging a connect-
time price would be worse off as � decreases.
The result therefore suggests that servers using a

search-based pricing will find increasing consumer
sophistication and higher connection speeds, as pos-
itive developments. In fact, these servers may find
it profitable to invest in technologies to make search

Management Science/Vol. 48, No. 9, September 2002 1131



JAIN AND KANNAN
Pricing of Information Products on Online Servers

faster, allow faster access, and train consumers in
making efficient database searches. They will also
have the option of passing on the savings with tech-
nological advances to the database providers or con-
sumers. However, servers using a connect-time-based
strategy may find it counterproductive to invest in
such technologies. Such developments will mostly
be consumer initiated as history indicates (Hawkins
1989).
The online server also has the option of providing

a consumer a menu of options. We consider the case
in which the consumers can choose from a combi-
nation of connect-time-based and search-based pric-
ing, and a subscription-based pricing. Assume that
each consumer has demand for xi unit of informa-
tion during the given period. We assume homogene-
ity of value of each unit to the consumer. To keep the
analysis tractable, assume that there are two types of
consumers: high-demand consumers with demand xh
and low-demand consumers with demand xl where
xh > xl. Further, without any loss in generality, we
assume that each segment is of equal size. The cer-
tainty equivalent of a consumer under the combina-
tion of connect-time-based and search-based pricing
will be

CE�pc� ps�= xi�v−pc�−kp2c�
2/2−ps�� (6)

where xi is the demand of the consumer. Now the
consumer will only consider the combination of a
search and connect-time scheme only if

v ≥ pc�+kp2c�
2/2+ps� (7)

Let the subscription fee charged by the online
server be F for the given period. The consumer will
consider a subscription fee only if

v ≥ F/xi� (8)

Further, a consumer will prefer to buy a subscrip-
tion rather than a connect-time/search-based scheme
if his/her certainty equivalent from buying a sub-
scription is greater than by paying using a combi-
nation of search and connect time. This condition
reduces to

F ≤ ��pc +ps +kp2c�
2/2�xi� (9)

Note that since xh > xl, it follows that if low-
demand consumers prefer the subscription then so
will the high-demand consumers, but not vice versa.
In this case, we can establish the following result.

Proposition 4a. If consumers vary only in terms of v
and the distribution f �·� is the same across both the high-
demand and the low-demand consumers, then the server
makes optimal profits by only charging on the basis of suc-
cessful searches.

Proposition 4b. If the distribution of v for the low-
demand consumers fl is dominated by the distribution
fh for the high-demand consumers using the hazard rate
ordering criterion, then the firm makes weakly higher prof-
its by offering a subscription plan along with a search-based
price.9 Further, for sufficiently large xh offering a subscrip-
tion plan leads to strictly higher profits.

The results suggest that if only v varies across
the population, then in general, a firm would offer
a combination of subscription price and a search-
based pricing scheme. However, a subscription is a
useful addition to offering a search-based price only
under certain circumstances. Proposition 4b provides
the condition under which selling a subscription, in
addition to search-based pricing, can increase prof-
its. The condition specified in the proposition implies
that the market consists of low-demand consumers
who have relatively higher valuations than the high-
demand consumers. In such a case, the firm can
increase its profits by selling a subscription plan to
the high-demand consumers and a search-based price
to the low-demand consumers. If the high-demand
consumers have low valuations, then this can be prof-
itable while being incentive compatible (so that the
high-demand consumers do not find the combina-
tion plan more attractive). The condition specified
in the proposition can hold under many buying sit-
uations. For example, some customers may require
access to a database frequently, although the value
of an individual piece of information is relatively
low.10 However, some firms only infrequently need to

9 The hazard rate ordering criterion is a little stronger than the con-
dition that fl stochastically dominates fh (see, for example, Ross
1983).
10 This is possibly true for universities.
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access the database but may have a higher value for
each piece of information. In such circumstances, the
online server can benefit from offering a subscription
plan to the heavy volume customers while offering a
search-based pricing to the low-volume consumer.

3.2. � Varies Across Consumers
Now we consider the case when consumers are dif-
ferentiated in terms of �. Again, we assume that � is
distributed according to a distribution f ��� and each
consumer has the same v, � , and k. If the server uses
a search-based strategy and ps ≤ v, then its profits are

�s = ps − c
∫ �

0
�f���d�= ps − c�̄� (10)

Profits in the case of connect-time-based pricing
would be

�c = �pc − c�
∫ �2�pc�

0
�f���d�� (11)

where �2�pc� = v/pc − �2pck/2 and represents the
value of � for the customer who is indifferent
between buying and not buying. From the profit
equations, it is clear that if �̄ is large, a search-based
strategy can be dominated by a connect-time-based
strategy. The reason is that a connect-time-based strat-
egy reduces servers’ costs by making it infeasible
for high-cost customers (those with large �) to buy
the information product. Since a large � could be a
result of lower access speeds and/or inefficient search
algorithms, one might be tempted to recommend a
connect-time strategy in an environment of low access
speeds and poor search technologies. However, the
argument that it reduces consumers’ risks still favors
a search-based strategy. Furthermore, a search-based
strategy allows cross-subsidization of the high-cost
customers (large �) by the low-cost customers (small
�). This cross-subsidization is not feasible when a
server uses a connect-time-based pricing. Thus, there
are different aspects favoring the use of connect-
time and a search-based strategy. The combined effect
of these aspects is ambiguous and therefore neither
type of pricing dominates in all cases. Nevertheless,
lowering values of � with increasing access speeds
because of technological advances would favor the
use of a search-based strategy over a connect-time-
based pricing.

Notice that as long as the consumer with average
waiting time is served under a connect-time-based
strategy, a search-based strategy is optimal. To see
this, note that if a consumer with � = �̄ is served,
then v > �̄p∗c . In this case, we have

�∗
c = �p∗c − c�

∫ 	2�p
∗
c �

0
�f���d�� (12)

< �p∗c − c�
∫ �

0
�f���d�= �p∗c − c��̄=�s��̄p

∗
c �� (13)

≤ �∗
s � (14)

Thus, if c is not too large, then this suggests that a
search-based strategy will dominate. The next propo-
sition shows that the cost c does play an important
role in determining which pricing scheme is optimal.

Proposition 5. As c increases �∗
c −�∗

s increases. Fur-
thermore, there exists a c∗ such that if c≤ c∗, a search-based
strategy dominates a connect-time-based pricing strategy
and a connect-time strategy dominates if c > c∗.

Note that the proposition implies that as the compe-
tition among database providers increases, a monopo-
list online server will find it more attractive to switch
to a search-based pricing. However, if the database
provider is a monopolist, then it is likely that c will
be high. This provides one possible explanation as to
why we observe predominantly connect-time based
strategies when monopolist database providers sell
through single servers (see Table 2).
Now let us consider the case when the server also

offers a subscription plan. We examine whether offer-
ing such a plan could increase profits. If the server
offers a subscription plan and also a combination of
connect-time and search-based pricing schemes, then
each consumer must choose between the two options.
A consumer will prefer the subscription-fee pricing
rather than a combination pricing only if

F ≤ xi�ps +�pc +�2kp2c /2�� (15)

In other words, if

�≥ 1
pc
�F/xi−ps −�2kp2c /2�≡ �∗

i � (16)

Note that the equation suggests that if the server
offers a subscription-fee pricing it is more likely to
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attract high-demand consumers and high-cost con-
sumers. If there are a large number of high-cost con-
sumers, then a server must be careful in offering a
subscription-fee pricing.
The consumer will buy a subscription only when

such a purchase gives him a positive utility. In other
words,

v ≥ F/xi� (17)

This equation again suggests that high-demand
consumers are more likely to find subscription-fee
pricing profitable.
A consumer will prefer the combination pricing

scheme if11

� < �∗
i � (18)

The consumer will buy the combination scheme if
he finds it to be profitable. That is, if

v ≥ ps +�pc +�2kp2c /2� (19)

In other words, if

�≤ v−ps −�2kp2c /2
pc

= �̂� (20)

We have the following result:

Proposition 6a. If the distribution of � is the same
across both the high- and the low-demand consumer, then
the firm does not make any additional profits by offering a
subscription plan.

Proposition 6b. Suppose the distribution fl�·� for the
low-demand consumers stochastically dominates (in the
first-order sense) the distribution fh�·� for the high-demand
consumers. Further, if �Hc < v < �̄lc, where �H is the
upper limit of the support of the distribution fh�·� and �̄l

is the mean of the distribution fl�·�, then if xh/xl is suf-
ficiently large, the firm is strictly better off by offering a
subscription plan.

The proposition shows that if the high-demand
and the low-demand consumers have similar costs

11 Since we will assume that the distribution functions for � are
continuous with no mass points, it does not matter how we break
the ties.

then the firm will not benefit from offering a sub-
scription. However, if the high-demand consumers
are either expert searchers or have less complicated
search needs and consequently have low costs (i.e.,
low �), then the firm can benefit by offering a sub-
scription plan provided there is a sufficient separation
among the demand levels of the two groups (i.e., xh/xl
is large). In such a situation, the firm can offer a sub-
scription to the high-demand and relatively low-cost
consumers and offer a combination plan to the low-
demand, high-cost consumers.12

What are the implications of the above results?
If the online server costs c were to come down,
either through competition upstream or through the
databases adopting a profit-sharing or fixed-fee mech-
anism (making cost per connect time, c = 0), then the
servers will not find it profitable to charge connect-
time-based prices. Further, since in this case the costs
of the high-demand and the low-demand consumers
will be similar (since c ∼ 0), using Proposition 6a, it
follows that the firm will not benefit by offering a sub-
scription plan. Thus, in the longer run, search-based
pricing schemes are likely to be more attractive for the
servers in the future. This result also has implications
for pricing for database producers. For database pro-
ducers, the major portion of their costs are fixed costs
and are independent of the time that the database is
used. Thus, the total channel profits when the server
charges a combination price is given by

�T =
∫ ��pc�ps�

0
pcf ���d�−C� (21)

where ��pc� ps� = v/pc −ps/pc −k�2pc/2 and C is the
fixed cost of producing the database. It is clear that
the total channel profits are maximized when the
server charges p∗c = 0 and only charges a search-based
price. Thus, if the database producers were to move
to a profit-sharing arrangement and charge c = 0,

12 There are also other situations where a subscription plan can
dominate both the search-based and connect-time pricing. This can
happen when the firm offers multiple information products to a
consumer who may have different valuation for each product. In
this case, as is well known in the bundling literature, bundling of
goods by offering a subscription plan can be optimal (see, for exam-
ple, Bakos and Brynjolfsson 1999, 2000). In this paper, however, we
do not focus on these bundling issues.
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Table 3 Impact of Model Parameters

Parameter conditions Optimal pricing Profit implications Market/segment strategy implications

v varies across consumers

� decreases Search based �∗
s ↑ ∀� Favors search-based strategy

�∗
c ↓(low values of �)

c increases Search based �∗
s ↓; �∗

c ↓ Favors connect-time strategy
�∗

c ↓(low values of �)
fl dominates fh Subscription and Offering subscription Subscription to high-demand consumers

using the hazard rate criterion search based can increase profits and search-based to low-demand consumers

� varies across consumers

c increases Combination plan ��∗
c −�∗

s� ↑ High-cost consumers are forced out
using connect-time pricing

v increases Combination plan �∗
s ↑; �∗

c ↑ Total market expands
Fh�·�≥ Fl �·� Subscription and Offering subscription Subscription to high-demand consumers

combination plan can increase profits and combination to low-demand consumers

then search-based pricing will be more commonly
observed. (Table 3 summarizes the results and their
implications).

3.3. Both � and v Vary Across Consumers
In this section, we briefly examine the case when
the parameter v and � across consumers. In gen-
eral, the time that it takes the consumer to search
may be related to his or her valuation. For exam-
ple, high-valuation consumers have more complicated
search needs and therefore may have higher costs. In
other words, � and v may be positively correlated.
Alternatively, high-valuation consumers may also be
more knowledgeable and therefore may require lower
search times. In this case, � and v would be nega-
tively correlated. In general, therefore it is difficult to
specify the relationship between � and v a priori.
Figures 2, 3, and 4 illustrate how different rela-

tionships between the two variables can affect the

Figure 2a Impact of c on Profits Under Search-Based and Connect-
Time Pricing: v and � Are Independent
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optimality of search-based versus connect-time pric-
ing. The analysis in the figures is for the special case
when � and v are uniformly distributed from �0�1�
and when k = 0. Figure 2a shows that when v and �
are independent, then search-based pricing is optimal
while, for higher costs, connect-time pricing becomes
more profitable. This is consistent with our results
in Proposition 5. Interestingly, Figure 2b shows that
although the server might prefer search-based strate-
gies, a connect-time-based strategy leads to higher
consumer and social welfare. This difference however
reduces as c increases.
Figure 3a considers the case when � and v are

perfectly positively correlated. In other words, a con-
sumer with high valuation also has correspondingly
higher costs. In this case, we find that a connect-
time strategy dominates the use of a search-based
strategy. This is intuitive since the firm is able to

Figure 2b Impact of c on Consumer Surplus and Social Welfare
Under Search-Based and Connect-Time Pricing: v and � Are
Independent
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Figure 3a Impact of c on Profits Under Search-Based and Connect-
Time Prices: v and � Are Positively Correlated
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better price discriminate among the high-valuation
and the low-valuation consumers by using connect-
time prices which are directly related to consumers’
valuations. This result therefore suggests that in markets
where the high-valuation customers have more complicated
needs and require more online time to search, the firm
should charge on the basis of connect time. An example
of this could be DIALOG’s DataStarWeb pricing strat-
egy. The database caters to the needs of profession-
als such as market researchers and consultants. These
users are likely to have higher valuation for the infor-
mation and also have complicated needs such as ver-
ifying information from several sources which lead
to larger search times as compared to novice users.
DataStarWeb’s pricing is similar to a connect-time-
based pricing. Figure 3b shows that while connect-
time-based pricing results in higher welfare, it leads
to lower consumer surplus. This is also intuitive,
since in this case, the firm is able to extract more
consumer surplus when it uses a connect-time-based
pricing.

Figure 4a Impact of c on Profits Under Connect-Time and Search-
Based Pricing: v and � Are Negatively Correlated
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Figure 3b Impact of c on Consumer Surplus and Social Welfare Under
Search-Based and Connect-time Pricing: v and � Are Posi-
tively Correlated
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Figure 4a shows that when � and v are negatively
correlated, the firm should charge a search-based
price. This is because in this case the firm can afford to
extract higher revenues from the high-valuation cus-
tomers by charging on the basis of successful searches
while at the same time it can eliminate the high-cost
consumers by charging a high ps . In other words, if the
market is such that the high-valuation customers are expert
searchers who require less time than the low-valuation
novice consumers then the firm should charge on the basis of
successful searches. This could well the reason for LEXIS
law database’s move to a search-based pricing strat-
egy in the late 1980s. Law firms have higher valua-
tion for the information and are typically experienced
searchers (as they employ professional searchers) as
compared to the low-valuation novices who use the
database on a sporadic basis. Figure 4b shows that
the use of search-based strategy in this case leads to
lower consumer surplus. This is consistent with intu-
ition, since a search-based strategy in this case enables
the firm to extract more consumer surplus.

Figure 4b Impact of c on Consumer Surplus and Social Welfare Under
Search-Based and Connect-Time Pricing: v and � Are Neg-
atively Correlated
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4. Competition Among
Online Servers

In this section, we examine how competition among
two online servers affects the pricing strategy that
they choose. We assume the following decision struc-
ture. In Stage 0, servers choose a pricing scheme.
We will restrict the types of pricing schemes to pure
connect-time-based pricing or a pure search-based
pricing. In Stage 1, after observing each other’s pric-
ing strategy, each server decides on the specific prices.
This decision structure is reasonable since servers find
it much easier to change specific prices than chang-
ing the basis on which a server charges prices, i.e.,
its pricing strategy. For example, to change its pric-
ing policy from connect time to flat fee, a firm needs
to educate its consumers about this change (as their
behavior depends on the pricing structure), forecast
the impact of such a change, and also need to change
its accounting systems (Hawkins 1989, p. 21; Garman
1990, pp. 30–31; Basch 1998). Also, while the change
of specific price may be a tactical decision, changing
price policies is a higher-level strategic decision.13

In Stage 2, consumers make their purchase deci-
sions. We analyze the impact of competition by first
considering the case when consumers are differenti-
ated in terms of v and then considering the case when
consumers are differentiated in terms of �. We will
assume that the two online servers are undifferenti-
ated since they provide the same information to the
consumers. This assumption is realistic as in today’s
market multiple servers can provide access to the
same databases. We will use the concept of subgame
perfectness to derive the equilibria.
First, we consider the case when consumers have

different valuations v for the product. As before, we
assume that these valuations are distributed across

13 What is important for our analysis is that the firm should be able
to change specific prices more frequently than its pricing policies.
Hawkins (1989) notes that when a database producer wanted to
change price structures, online servers “protested that the lead time
of only five months would not give them time to reprogram their
complex accounting systems.” A director of online server ESA-
IRS reveals that it took them a year to change their pricing policy
(Garman 1990). Thus, our assumption is justifiable in this context.
Nevertheless, this is an important assumption without which an
equilibrium may not exist (see for example Gupta et al. 1996).

the population according to a differentiable probabil-
ity density function f �v�. We have:

Proposition 7. Assume that firms choose pricing pol-
icy and then choose specific prices, c > 0 and consumers
are differentiated only in terms of v. Then there are three
pure strategy equilibria of the game—a symmetric equi-
librium in which both servers offer a search-based policy
and two asymmetric equilibria in which one server offers
search-based pricing and makes positive profits while the
other server offers connect-time-based pricing and makes
zero profits.

The proposition shows that an asymmetric equi-
librium can emerge with identical servers choosing
different pricing schemes. Further, the asymmetric
equilibria Pareto-dominates the symmetric equilib-
rium and is likely to be the focal equilibria which is
observed (see Harsanyi 1964, Fudenberg and Tirole
1983, 1985, Harsanyi and Selten 1992 for justifica-
tion in the use of pareto-dominance as a reason-
able criterion for equilibrium selection). Further, even
when servers are undifferentiated, at least one server
can make positive profits. Notice that the proposi-
tion shows that unlike the monopoly case where a
connect-time strategy will not be observed if con-
sumers only differed in term so of v, once we con-
sider competition, we may observe that some firms
will continue to offer connect-time-based pricing.
Next, we consider the case when consumers are dif-

ferentiated in terms of �. It is clear that when both
servers choose the same pricing strategy, they make
zero profits. We therefore consider the case when
one server chooses a search-based pricing scheme
and charges ps while the other server charges a price
pc on the basis of connect time. Clearly, we need
ps ≤ v. It can be shown that a consumer of type �

prefers a search-based scheme over a connect-time-
based scheme if

�≥ ps
pc

− �2p2ck

2pc
= �3�ps� pc�� (22)

Note that by selecting different pricing schemes,
the servers segment the market into two types. Con-
sumers with high search times prefer the search-based
scheme and consumers with low search times prefer
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to pay connect-time-based prices. The profits of the
two servers are given by

�s =
∫ �

�3�ps� pc�
�ps −�c�f ���d�� (23)

�c = �pc − c�
∫ �3�ps� pc�

0
�f���d�� (24)

The first-order conditions for finding the Nash equi-
librium prices are:

∫ �

�3�ps� pc�
f ���d�−f ��3�ps� pc��ps/pc

+ c�3�ps� pc�f ��3�/pc = 0� (25)
∫ �3�ps� pc�

0
�f���d�− �pc − c��3�ps� pc�

×f ��3��ps +�2kp2c /2�/p
2
c = 0� (26)

Proposition 8. Assume that firms first choose pricing
policies and then choose specific prices and consumers are
differentiated in terms of � then if � > 0, k > 0, there
exists an equilibrium in which both firms offer different
pricing policies. Further, there exist parameters such that
both firms make positive profits by choosing different pric-
ing strategies, and consequently in equilibrium, both firms
choose different pricing policies.

The proposition shows that once we consider vari-
ation in �, there are situations in which symmetric
firms will choose asymmetric strategies and will make
different profits. The reason for this result is that iden-
tical servers can differentiate themselves by using dif-
ferent pricing schemes which segments the market on
the basis of �. In other words, the different pricing
schemes can serve as mechanisms for the servers to
differentiate themselves. This argument will also hold
if we allow firms to offer subscriptions. As long as the
products are undifferentiated, firms will want to offer
different pricing schemes. Thus, pricing schemes can
be used by online servers as a means of differentia-
tion. This provides some explanation for the variety
of schemes that abound in the market.
The above result also explains the entry of West

Publishing Company’s online venture as a direct com-
petitor to Mead Data Central’s LEXIS (Berss 1993).
Mead moved away from connect-time-based pricing
in the late 1980s, and their pricing strategy of resource

unit pricing is quite similar to search-based pricing.
West entered the market offering a purely connect-
time-based pricing and targeted sophisticated users
who can perform a computer search quickly and then
go offline to use West’s books. West was able to cap-
ture a significant share of the sophisticated users (The
market share of Lexis dropped from 95% in early
1980s to 60% in 1993; see Berss 1993). Proposition 8
suggests that both these competitors can coexist and
make profits while offering different pricing schemes.
Now we consider the impact of c on the profits of

undifferentiated firms.

Proposition 9. If both servers use different pricing
policies and c = 0 then, in one equilibrium of the game,
p∗c = 0, p∗s = 0 and both firms make zero profits. However,
if c ∈ �2�̄/��2k��

√
2v/��2k��, then in any pure strategy

equilibrium of the pricing game, at least one firm makes
positive profits.

The proposition thus shows that there are situa-
tions in which an increase in the costs of the servers
can lead to higher profits. This result is in contrast to
standard results in the channels literature. The reason
for this result, however, can be understood by noting
that when c= 0, firms cannot differentiate themselves
by offering different pricing schemes. This is because
they both charge zero prices regardless of the pricing
scheme and consequently make zero profits. How-
ever, when c > 0, the firms are able to differentiate
themselves by offering different pricing schemes. In
particular, the firm offering connect-time-based price
is more attractive to consumers who have low costs
while a search-based pricing policy is more attractive
to high-cost consumers. Consequently, the firms are
able to effectively segment the market using different
pricing schemes and therefore make positive profits
when c > 0.
The above proposition however does not show that

firms’ profits can monotonically decrease with c. We
illustrate this possibility with a numerical example.
Consider the case when � = 0 and � is uniformly
distributed with range �0�1�. In this case, we find
that if v ≥ 4c/3 then there is a unique stable equi-
librium with p∗c = 2c, p∗s = 4c/3. The firm offering
connect-time pricing serves 2/3 of the market, and
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makes a profit 2c/9 and the firm offering search-
based pricing makes a profit of c/6.14 Thus, this exam-
ple shows that servers’ profits rise monotonically
as their marginal costs increase. Note that c → 0 if
competition among the upstream database produc-
ers becomes intense. Thus, the results suggest that
competition among the upstream database providers
can actually hurt the online servers. The intuition
for the result is as follows: As c → 0, the efficacy
of the two pricing approaches in differentiating the
servers decreases. Consequently, an increased compe-
tition among database producers can lead to more
intense price competition among online servers and
reduce profits. This result suggests that online servers
also have a significant economic interest in ensuring
strong copyright protection for databases and retain
the barriers against easy competition among database
providers. If this is not ensured, it can lead to lower
profits not only for the database producers but also
for the online servers. This indicates that the online
server industry’s general concern for their suppli-
ers’ (database providers’) welfare and that their profit
margins not squeezed, is right on track.
This result also has important implications for the

pricing scheme that the database producers should
use. Recall that we found that in the case where the
database producer sells through a single server, it is
optimal for it to enter into a profit sharing arrange-
ment with the server and charge c = 0. However,
when the database producer sells through multiple
servers who compete with each other such a pricing
scheme would lead to negative total profits. Thus, the
producer should either sell through only one server or
charge c > 0. Note that this result provides at least one
reason why we will continue to observe connect-time
pricing in the future even when network congestion
is not an issue.

5. Model Extensions
In our preceding analyses, we have made many sim-
plifying assumptions. In this section, we explore how
our results will be affected if we relax some of these
assumptions.

14 The derivation of the numerical results are presented in Tech-
nical Appendix A available at http://mansci.pubs.informs.org/
ecompanions.htm, or from the authors.

5.1. Demand Is Elastic
In our analysis, we have assumed that while the
demand at the aggregate market level is elastic, each
consumer’s demand is inelastic. In particular, in our
model a consumer either purchases one unit or does
not buy. This assumption is similar to that made in
many economic models (see for example, Bakos and
Brynjolfsson 1999, Dewan et al. 2000). Nevertheless, in
a more general setting, consumer demand is likely to
be a function of prices. In Technical Appendix B, we
examine how our results will be affected if we assume
that consumer demand is elastic. We find that most of
the results continue to hold in this case. However, the
assumption does impact the results on the optimality
of subscription plans. In particular, subscription plans
are more likely to be optimal if consumer demand is
elastic. This is because, when consumers have elastic
demands then charging a per unit price leads them to
decrease their consumption. In contrast, offering them
a subscription plan enables them to consume the max-
imum amount. Therefore, a subscription plan can be
beneficial in such circumstances since it enables the
firm to extract more consumer surplus by increasing
their demand. Note that this result is similar to the
results on two-part tariffs in the literature.

5.2. Consumers Incur Waiting Costs
In our analysis, we have assumed that consumers do
not incur any waiting costs. In reality, if the search
takes a long time, consumers not only incur the costs
because of the prices charged by the server but also
costs in terms of their opportunity cost of time. To
model this, we can assume that each consumer has a
waiting cost w per unit time. In this case, note that the
uncertainty for consumers is not totally removed even
when the firm offers a search-based price. In general,
the effective price that a consumer pays is changed
by a term �w+ k�2w2/2. Notice that this increase in
effective prices is the same regardless of the pricing
policy used by the firm. Therefore, qualitatively our
results remain unchanged.

5.3. Quality of Search Affects the Valuation
In our model, we have assumed that the value of
the information that a consumer retrieves is a priori
known. In practice however, the valuation is likely to
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be a random variable. In other words, the consumer is
better able to determine the worth of the information
after observing it. The degree of uncertainty is likely
to be related to both the consumer’s expertise and also
the quality of the search engine that the firm has. We
can incorporate this in our formulation by assuming
that v is a random variable which is normally dis-
tributed with mean v̄ and variance �2

v . In this case, the
effective price that a consumer pays will be increased
by a term k�2

v/2. This increase will occur regardless
of the pricing strategy used. Consequently, the quali-
tative nature of our results will remain unchanged.

6. Implications and Discussion
In this paper, we have examined the conditions under
which the most commonly used pricing schemes—
connect-time-based pricing, search-based pricing, and
subscription-fee pricing—are optimal. It must be
pointed out that our model provides a simple frame-
work, as a start, to understand and analyze the com-
plexities of pricing in the online market. We do not
consider the aspects of negative externality such as
network congestion, and supply side capacity con-
straints, which is an obvious limitation of the model.
These factors indeed play an important role in fur-
thering our understanding of the impact of differ-
ent pricing policies. Nevertheless, our results show
that variation in consumer expertise and valuation of
information are also important factors in the choice
of optimal pricing strategy. Thus, our analysis pro-
vides clear insights into some of the issues the online
industry is grappling with. The rapid technological
changes, the need to increase the size of the mar-
kets, the need for increased profits all favor the use of
search-based pricing strategies. This said, the days of
connect-time pricing are not over yet. In fact, we have
shown that competition among information servers
may make it optimal for them to choose different pric-
ing schemes and therefore in equilibrium one may
observe different pricing schemes being offered in
the market as we see in the case of Lexis and West
Publishing (Berss 1993). The important factor driving
this phenomenon is the variation in consumer exper-
tise, and given the risk-averse nature of consumers,
the less sophisticated will always find it profitable to

choose search-based/subscription-fee pricing and the
sophisticated will find it profitable to choose connect-
time pricing schemes. Our results also show that a
monopolist data producer may have the clout to force
a connect-time-based pricing strategy on the server
by keeping the connect-time cost c high, this however
could be a myopic strategy that does not auger well
for the expansion of the market.
It is very useful to review our results in light of

the existing market structure in the electronic infor-
mation market. Table 2 provides the results of the
survey (Table 1) conducted on the database indus-
try based on the data available in Gale’s Directory of
Databases and Online Servers (Gale’s Directory 1997,
2000) in a different form by including information on
channel structure. Table 2 shows that 73% of the time
databases are made available exclusively through one
online server and 14% of the time through two online
servers. This is not surprising given that the databases
cover many diverse disciplines and operate within
niche markets with almost no competition. Since the
niche markets also tend to be small markets, there is
not much incentive for competitors to enter the mar-
ket. Thus, many of the databases are monopolists who
choose to deal with one server exclusively. It is also
evident from Table 2 when a database is made avail-
able exclusively through one online server, 71% of the
time the pricing strategy tended to be connect time
based in 1997. In 2000, this figure has dropped to 63%
showing a tendency for moving away from connect-
time strategy. Yet many monopoly database producers
still insist on royalties based on connect time as they
tend to view any other scheme, especially flat-rate
pricing, with skepticism as they could involve “giving
away valuable data for free” (Abels 1996). Our results
provide some justification to the connect-time strat-
egy used by these servers. Since connect-time charges
c for these servers are relatively high and there are
a large number of unsophisticated, high-cost con-
sumers, a connect-time strategy enables these firms
to keep the unprofitable customers out of the mar-
ket. However, with increased customer sophistication,
decreasing transmission costs and increasing power of
the servers, it is likely that connect-time strategy will
be less profitable to the monopolist servers who may
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want to use a search-based or subscription-based pric-
ing. The decreasing trend in the usage of connect-time
strategy may indicate that online servers are realizing
this quickly.
Table 2 also shows that when a database is made

available through two online vendors, only 10.9% of
the time, both servers either adopt connect-time-based
pricing or subscription-fee strategies (based on the
2000 data), the others then involve line servers using
different pricing strategies. When the number of chan-
nels increase to three of more, pure pricing strategies
are even less common. This supports our results that
online vendors tend to use pricing strategies to differ-
entiate themselves.
What will be the impact of technological advance-

ment on the pricing strategies? Our analysis sug-
gests that it will prove conducive to the offering of
multiple strategies in the market. Increased modem
speeds, sophisticated and fast searching algorithms
can contribute to increased profits for servers using
per search/subscription pricing, while advances that
help consumers use offline search techniques will
ensure that there is always a demand for connect-
time-based information products among the sophis-
ticated consumers. The net impact will be a rapid
growth in the online information market, with more
new users getting trained on servers using per search
pricing schemes and, possibly, graduating over time
to servers offering connect-time prices as they become
more sophisticated.
Another important issue involves the continued

viability of database providers. All market partici-
pants realize that the database providers are pro-
viding valuable products and must make profit to
stay in business. Technological advances may drive
users’ expectations of prices to be lower, while data
production costs may increase as they tend to be
labor intensive. Increased resistance to price increases
by database providers may jeopardize their contin-
ued viability. Increased competition among database
providers may also bring down the costs to online
servers but may be very detrimental to database
providers. Our analysis show that increased competi-
tion among database providers may in fact hurt the
online servers. Thus, online servers have a vested
interest in ensuring strong copyright protection and

keeping the barriers for competition among database
providers high. This may be the key to the healthy
growth of the industry.
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