
Available online at www.sciencedirect.com
www.elsevier.com/locate/ecra

Electronic Commerce Research and Applications 7 (2008) 105–118
An analytical framework for evaluating peer-to-peer business models

Jerald Hughes a,*, Karl R. Lang b, Roumen Vragov b

a Department of Computer Information Systems and Quantitative Methods, College of Business Administration,

University of Texas Pan-American, Edinburg, TX 78541, USA
b Zicklin School of Business, Department of Computer Information Systems, Baruch College, City University of New York, New York, NY 10010, USA

Received 28 August 2006; received in revised form 20 January 2007; accepted 26 January 2007
Available online 8 February 2007
Abstract

While existing research on peer-to-peer (P2P) file-sharing services has increased our understanding in many respects, it has not yet
supplied a comprehensive theoretical framework that explains business failures of P2P file-sharing network service models. We develop
such an analytical model and base it on seven specific market constraints – technical, economic, structural, legal, political, cognitive, and
cultural – that are specifically relevant for P2P services. We show how our model can be used as a tool for strategic analysis of P2P busi-
ness model performance using Napster as a particular case of study. We show also how P2P file-sharing networks have migrated through
a series of system typologies by incorporating technological innovations in response to market constraints. Finally, we offer a new the-
oretical conceptualization that views P2P file-sharing networks as electronic markets.
� 2007 Elsevier B.V. All rights reserved.
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1. Introduction

Millions of consumers are routinely trading digital con-
tent files over peer-to-peer networks. Traded content
includes images, audio files, software, music, tv shows,
games, movies, and other documents. Peer-to-peer (P2P)
file-sharing networks such as Napster, Kazaa, Grokster,
BitTorrent and Grouper to name just a few from among
dozens, have since 1999 drawn increasing interest from
users, and also from innovative businesses exploring ways
to use them commercially, as well as from governance and
judicial institutions with the responsibility of regulating
the new file-sharing activities. There is clearly strong
demand for P2P services from consumers in 2006, but
no business has so far succeeded in finding a sustainable
1567-4223/$ - see front matter � 2007 Elsevier B.V. All rights reserved.
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legitimate and profitable P2P business model that delivers
what consumers want. While existing research on P2P file-
sharing has increased our understanding in many respects,
it has not developed a comprehensive theoretical frame-
work that explains business failures of P2P file-sharing
network service models. The present paper aims to
address this gap.

It is clear that P2P systems, under various conditions,
can both destroy and create value as huge amounts of con-
tent are distributed, including previously available as well
as derivative and new original content. It is also clear that
huge amounts of copyrighted material are traded without
permission from its owners. Much less clear, however, is
how to best distribute and share the value that is created
by these new trading networks, and how to design incen-
tives that would entice everyone in the value chain to pro-
ductively participate in the operation of these networks.
Traditional corporate content providers are threatened
with loss of control over distribution and quite possibly
profits. Some consumers feel legally insecure about sharing
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content, while others perceive existing P2P file-sharing ser-
vices as too limited, technically immature, or difficult to
use. Some original content creators worry whether they will
be able to collect proper rewards for their creative output.
Lack of trust and economic risk have seriously undermined
the development of consumer-friendly P2P business initia-
tives, as the content industry largely opposes the use of P2P
file-sharing technology. A better outcome for all market
participants would be possible if P2P networks for sharing
information goods comprehensively addressed the con-
cerns of all stakeholders. Clearly, this is not yet the case
with P2P file-sharing services. Hence, there is a need to
devise methods that allow us to (a) analytically diagnose
service failures and (b) develop better business models for
P2P file-sharing. These are the two main research questions
that we are addressing in this paper.

The IS literature presents P2P file-sharing primarily as
an IT application system [1]. In the present paper, however,
we take a different, novel approach and view them more
broadly as electronic markets. We argue that P2P systems
implement all roles and functions of electronic markets.
Through an extended analysis of the P2P research litera-
ture in the information systems area we develop an analyt-
ical framework based on seven constraints – technical,
economic, cognitive, structural, legal, political, and cultural
– and perform a comprehensive diagnosis of P2P business
models. Using the well-known original Napster case, we
first demonstrate how our model can be applied ex post

to determine the feasibility of specific P2P service and busi-
ness models. Next, we apply the model to analyze the evo-
lution of P2P services in general. We also discuss the
possibility of extending our new analytical framework
beyond P2P environments to other electronic market
configurations.

This paper makes several contributions. First, it offers a
new theoretical lens for studying the performance P2P ser-
vices by conceptualizing them as electronic markets. Sec-
ond, it develops a new analytical framework for ex post
performance analysis of P2P business models. And third,
it lays the groundwork for developing a business manage-
ment tool that can be employed to support strategic deci-
sion-making.

The remainder of the paper is organized as follows. The
following section will give an overview of the functions and
technical implementation of P2P file-sharing networks.
Section 3 uses literature analysis to derive specific concep-
tual constraints that lay the foundation for our analytical
model framework for evaluating P2P business models. Sec-
tion 4 applies the analytical model to the case of Napster,
and Section 5 applies the evolution of P2P service models
in general. Section 6 will explain why viewing P2P net-
works as electronic markets rather than just IT applica-
tions puts us in a better position to gain insights for
performance analysis of P2P business models. Section 7
will outline an implementation of our constraint frame-
work as a business management tool and provide some
additional discussion and conclusions.
2. P2P file-sharing networks: a brief review of the underlying

technology

In technical terms, a P2P file-sharing system is a network
whose nodes communicate directly for the purpose of
exchanging content files, with no centralized governing
node as a necessary intermediary [2]. Each participant in
the network can behave either as a client, receiving files,
or as a server, sending files, or both. P2P file-sharing sys-
tems are virtual networks operating over the Internet
TCP/IP infrastructure, thus allowing users to exchange
digital content directly between themselves. Participants
in the network are users who are running a specific P2P
application on their local computers. The best-known sys-
tems to date are music file-sharing networks such as the ori-
ginal Napster or Kazaa, but there are dozens more
operating (e.g., BitTorrent, Limewire, Soulseek, Poison,
e-Donkey, and others), and more in development. These
systems are being used to exchange not only music, but also
virtually anything else that can be digitized.

The extent to which different file-sharing networks
employ direct P2P communication capabilities varies. In
the original Napster (which is an example of Generation
I in Table 1), for example, content discovery was conducted
through a single central server index, while the actual file
transfer itself was carried out between individual user
nodes. One consequence of this design was the emergence
of long queues (managed by the P2P network software),
as users attempting to obtain a particular file waited in
first-come first-serve queues for their turn to receive a
download. The hybrid structure of Napster was abandoned
by the second generation of P2P networks, which imple-
mented distributed file indexing through the use of, most
notably, the Gnutella engine, which powered Kazaa and
other P2P file-sharing networks. Distributed file indexing
obviated the need for a powerful central server farm, but
also limited the reach of the system, because user queries
only traversed parts of the network. The third generation
of P2P innovation reduced the problem of long queues
and subsequent waits for content due to single-server
downloads by allowing simultaneous downloading from
multiple sources (e.g., the BitTorrent engine), a technical
innovation that made the sharing of very large content files
practicable. Consequently, it was at this stage that signifi-
cant amounts of video content, which make very large files
even when compressed, began to appear on P2P networks.
A fourth generation saw the first development of P2P file-
sharing systems that can be organized as small-scale virtual
private networks, to which access is limited and controlled
by membership and passwords. Applications on this level
include file-sharers who are unwilling to share content
openly with large Internet communities, but also businesses
that exchange internal documents for various purposes.
Currently, a fifth generation is emerging that is aimed at
P2P users who want to migrate to less visible and more dif-
ficult to track niches of the Internet for file-sharing activi-
ties, such as Usenet and IRC chat. Table 1 summarizes



Table 1
The evolution of P2P file-sharing system

Typology Technology innovations Examples Users

I Client/server
architecture

Complete list of content files available on the network kept on a central server;
highly efficient search and content discovery
Single-server queues – users search for a file on a single machine, then wait their
turn for a complete download; efficiency of delivery is a function of demand and
the number of copies in the system

Napster Consumers

II Distributed system
architecture

Distributed index the list of currently available files is distributed across nodes
of the network, no indispensable central server in the system; many systems
employ the Gnutella engine or similar technology; file search may not reach
all network resources
Single-server queues – users search for a file on a single machine, then wait their
turn for a complete download

Kazaa Morpheus
Grokster

Consumers

III Parallel system
architecture

Many-to-many file service links – users can download a single file from many
servers in parallel and simultaneously upload files to many users at once; effi-
cient distribution of very large files
Anonymous access – proxy connections, server log procedures, aggregation of
file requests; but systems do not offer perfect, unbreakable anonymity

BitTorrent Freenet
eMule

Consumers,
Businesses

IV Virtual private
network
architecture

Restricted access via password logins and selective membership, controlled by
licensee of a software product such as Qnext

QNext Groove
Grouper

Consumers
Businesses

V Co-opting system
architecture

Use of existing Internet protocols that were developed for other purposes to
exchange files
Use of complementary applications such as IP Blockers
User migration to the Darknet

Usenet Internet Relay
Chat Instant
Messaging

Consumers
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this evolution of technological innovation and indicates
how technology change has produced file-sharing systems
with successively more sophisticated typologies.

3. Developing the seven market constraints framework for

P2P business model performance analysis

Motivated by work in economic systems design research
done in the economics field, which found that designers of
economic systems rely on design principles that can be
derived from a small number of constraints [3,4], we postu-
late that it is possible to derive similar constraints for
designing and developing P2P business models.

3.1. Framework development

For that purpose, we surveyed the IS literature and iden-
tified research papers on the P2P file-sharing topic. The 54
papers in our convenience sample (as shown in Table 2)
address the topic from multiple perspectives and are
grounded in different reference disciplines. They use a vari-
ety of research methods ranging from conceptual pieces
and empirical studies to work based on analytical modeling
techniques. The co-authors read and discussed the
abstracts of the papers from which they determined the
salient P2P problem issues that were addressed. Ambiguity
about issues were resolved through inspection of the entire
paper in question. Disagreements in judgment were
resolved through discussion. Finally, the salient issues
addressed in the papers were coded as low-level categories,
as shown in the second column of Table 2. Related low-
level categories were then grouped together and abstracted
into high-level categories that yielded our seven specific
market constraints. While many papers addressed several
low-level category issues, only a few addressed more than
two high-level constraints in any substance.

Our exploratory literature analysis used a qualitative,
interpretive approach. Therefore, no scoring methods or
weighting schemes were applied to establish significance
of the categories. Hence, the fact that most papers are asso-
ciated with the technical and economic constraints does not
mean that these two constraints are more important than
others. All seven constraints are essential and non-reduc-
ible. The skewed frequencies can be explained by the preva-
lent orientation and interests of researchers in the
information systems area who traditionally focus on
research issues directly related to the IT artifact or eco-
nomic analyses (in the sub-area of information economics).
However, it has become clear that P2P research is really an
interdisciplinary endeavor and needs to address issues that
may fall outside the traditional core of IS research. This
may mean that IS researchers need to collaborate more
with colleagues from other disciplines when working on
the larger issues of P2P network environments.

We argue that P2P business model performance analysis
requires the consideration of all seven constraints. Failing
to sufficiently address any single one of them renders a
business model vulnerable to underperformance or failure.
While deficiencies on some constraints may be tolerable
short-term, it is imperative to meet all of the seven



Table 2
The seven market constraints framework

Constraint Low-level categories research
issues

Reference discipline Support sources

Technical Questions of hardware, software,
networks, content representation
and storage, searching and
indexing, compression
algorithms, content transfer
methods, content creation
systems, file formats, content
control methods, digital rights
management; questions
regarding the quantitative
performance of systems

Computer science Adar and Huberman [5]
Clarke et al. [6]
Liu and Kwok [7]
Ripeanu et al. [8]
Rollins and Almeroth [9]
Serjantov [10]
Yang and Garcia-Molina [11]
Balakrishnan et al. [12]
Kubiatowicz [13]
Ooi et al. [14]
Stoica et al. [15]
Saroiu et al. [16]
Krishnan and Uhlmann [17]

Economic Pricing, profitability, revenue
generation, participation
incentives and disincentives, risk,
service differentiation, public
goods issues, information
asymmetries, utility, supply/
demand relationships

Micro economics Golle and Leyton-Brown [18]
Kleinet al. [19]
Chen and Png [20]
Bhattacharjee et al. [21]
Buragohain et al. [22]
Grothoff [23]
Liebowitz [24]
Asvanund et al. [25]
Cunningham et al. [26]
Gopal et al. [27]
Lang and Vragov [28]
Liebowitz [29]
Peitz and Waelbroeck [30]
Schmidt [31]
Zentner [32]

Cognitive Interaction of users and P2P
systems; user interface, self-
efficacy, how users understand
the function of P2P apps and
networks, how users understand
the market mechanism

Psychology, HCI,
behavioral research

Good and Krekelberg [33]
Lang and Vragov [34]

Structural Industry structure, public policy,
market participants and the
degree of control they are able to
exert; channel power, channel
conflict, monopolies, oligopolies

Industrial organization,
strategic management

Fox and Wrenn [35]
Alexander [36]
Lechner and Hummel [37]
Clemons et al. [38]
Premkumar [39]
Lohmann [40]
Telang et al. [41]

Legal Copyright law, fair use, sharing
versus stealing, piracy, lawsuits,
law enforcement

Law and legal studies Tanaka [42]
Samuelson [43]
Heverly [44]
Barker [45]
Moore and McMullan [46]
Furtado [47]
Samuelson [48]

Political Power relationships both within
and between groups and
institutions, regulation, lobbying

Political science, public affairs Agre [49]
Samuelson [50]
Lessig [51]
Einhorn and Rosenblatt [52]

Cultural Broad impacts on communities,
social networks and societies
driven by the availability and use
of P2P networks; cultural norms
and social value

Sociology, media theory,
anthropology, cultural studies

Brown et al. [53]
Robinson and Halle [54]
Giesler and Pohlmann [55]
Strahilevitz [56]
Hughes and Lang [57]
Gopal et al. [58]
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Fig. 1. P2P file-sharing business design model.
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constraints to create a viable and sustainable business for
the long run. The degree of success of viable P2P business
models will of course also depend on market competition
(see Fig. 1).

In Table 2, we summarize the critical constraints on P2P
business models which, collectively, determine their ability
to develop its full potential. Together, these seven factors
comprise an analytical framework, which we call the Seven

Constraints Framework for P2P Business Model Performance

Analysis, that can serve as the basis for an effective method to
analyze P2P business models in practice. This framework can
be applied to the evaluation of any specific P2P service
model, predicting that if one or more of the constraints is
not adequately addressed, it will not be commercially viable.

Since our literature analysis that generated our seven
constraints framework was restricted to P2P research we
cannot claim that it is applicable to other forms of elec-
tronic markets or e-commerce businesses. However, we will
discuss later in the paper the possibility of extending our
framework to more general analysis.

3.2. Framework constraints

Here we provide a brief description of the seven specific
constraints that emerged from our literature analysis. For
the sake of clarity, we present the constraints in a linear,
independent fashion, but it is important to understand that
there are interdependencies among them that are signifi-
cant. Also, notice that the first three constraints are mostly
controlled by the business model designer, whereas the lat-
ter four are largely determined by the external business
environment.

3.2.1. The technical constraint

Technical factors of P2P file-sharing systems include
aspects of both hardware and software. An example of a
technical factor in P2P systems is the development of multi-
media compression algorithms of sufficient power to make
exchanges of goods via P2P networks over existing con-
sumer Internet connections feasible. Content representation,
storage, and transfer methods are also considered technical
aspects. Other examples relate to search capabilities and
other user application functions, and complementary ser-
vices such as bandwidth management, communication,
security, or anonymizing capabilities. Computer science is
the chief reference discipline for IS researchers that
primarily focus on the design and implementation of the
IT artifacts underlying P2P systems.

3.2.2. The economic constraint

By economic factors, we mean the various economic
variables and relationships that play a role in P2P business
model designs. These include, for example, pricing, profits,
revenue generation, incentive structures, profit sharing, ser-
vice differentiation, risk, competition, public goods issues,
and information asymmetries. Papers in this category are
mostly from the information economics research commu-
nity and draw heavily on microeconomics as their reference
discipline.

3.2.3. The cognitive constraint

Psychological factors [59,60] shape people’s behavior.
Here, they are those that govern how users understand
and employ the features available in P2P systems, both
concretely in terms of the actual user interfaces of specific
applications, and more broadly in terms of understanding
the future implications and risks involved in the usage of
these networks. Cognitive comprehension of a P2P system
by an user would thus involve not only the design of the
software, but also questions such as understanding down-
loading/uploading rules, reactions to uncertainty, and the
role of feelings and emotions [54]. Psychology, human–
computer interaction and behavioral research are the main
reference disciplines for studies on this constraint.

3.2.4. The structural constraint

Structural factors [3] are those defining the industry
structure in which P2P systems operate in terms of number
of participants, roles and functions, and the relative
degrees of control which they are able to exert upon it, with
well-known idealized forms such as monopoly, oligopoly,
or perfect competition. These address strategically impor-
tant topics such as strategic alliances, channel power, chan-
nel conflict, power shifts, entrenched businesses versus new
entrants, and intermediation versus disintermediation. In
the case of P2P file-sharing, it refers to the particular struc-
tures of the music and entertainment industries that are rel-
evant in our context. The industrial organization and the
strategic management literature provide the main refer-
ences for research on this constraint.

3.2.5. The legal constraint

Legal factors may emerge as critical when the stakehold-
ers in a particular P2P network have interests which are not
adequately addressed by its activities, often as a result of
unanticipated changes in technology and user behavior.
Since P2P systems have been used to acquire content that
is under copyright protection, they have been of great con-
cern to both copyright holders and consumer interest
groups from a legal point of view. Questions of legislation,
regulation, enforcement, court rulings, different interpreta-
tions of the law and its purposes, and awareness and
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understanding among P2P users of applicable law and legal
risks are all relevant here. Law and legal studies are the
main reference disciplines on this issue.

3.2.6. The political constraint

Political factors [4] are those which influence access to
and control of P2P networks via coalitions of interest
groups and the exercise of power. This would include
not only the power exerted by the executive branch of
government through enforcement of laws, but also the rel-
ative power exerted within and between particular com-
munities and institutions with an interest in particular
networks (e.g., [51]). Interested stakeholders are industry
and consumer groups, lobbying organizations, govern-
ment bodies (legislative), regulatory bodies (Federal Trade
Commission and Federal Communications Commission),
and perhaps unions as well. Political science and public
affairs are the most important reference disciplines for
work in this area.
3.2.7. The cultural constraint

Cultural constraints are those which stem from the val-
ues, beliefs and attitudes, and norms of communities that
are active in P2P environments. They influence tastes and
preferences as well as usage behavior. These may include
group dynamics in virtual communities, mass phenomena,
cultural values, social norms, gender effects, ethical biases,
generational differences, and the formation and evolution
of subcultures. Sociology, media theory and communica-
tion studies are the main reference disciplines in this
category.
3.3. Interactions among constraints

As mentioned earlier, there are significant interdepen-
dencies between constraints. Allocating resources to
improve performance along one dimension in the business
model may come at a cost on another. For example, there
are many trade-offs between decisions to remedy economic
shortcomings and consequences in terms of user culture.
Charging for content may be difficult in an environment
that is shaped by a culture of free sharing. That is, improv-
ing profitability by restricting the copying of content (eco-
nomic constraint) could cause resentment in user
communities that have adopted a flourishing sharing cul-
ture (cultural constraint). Tradeoffs also occur between
the technical and the economic constraints. For example,
digital rights management has been proposed as a technical
solution to impose business rules on consumers, but may
have a negative economic impact if this technology is
shunned by consumers and drives them away to alternative
services. Addressing problems on the legal constraint can
also have severe implications for the economic constraint.
For example, removing copyrighted content legitimizes a
service model, but at the same time may also limit the value
proposal a file-sharing service offers its customers. Other
examples of interactions between constraints could be
construed.

When developing P2P business models it is essential to
heed all seven constraints simultaneously. Any change in
one dimension can cause changes in others. Previous
research has typically focused on improving performance
on only one constraint without sufficiently taking into
account possible ramifications in the other dimensions.
Applying our analytic framework forces decision-makers
to consider all relevant business dimensions simultaneously.

The constraints in the framework can be divided into
two distinct groups. Generally, designers of P2P systems
have much control over the economic, technical, and cog-
nitive constraints. Therefore, these constraints can be
addressed directly by the firm. The designer, on the other
hand, cannot easily change the structural, political, legal,
and cultural constraints. Nevertheless, firms need to adapt
to these external constraints and find ways to successfully
operate within them. External constraints may change
long-term as the industry matures and the business envi-
ronment changes.

Using these seven fundamental constraints as the dimen-
sions for developing P2P business models, we next demon-
strate by example how our framework can be used to
explain outcomes in a specific P2P business case. We delib-
erately chose Napster as a case that is both well studied and
has a well-known outcome. The main purpose of the fol-
lowing section is to show how our framework can be
applied to systematically derive an assessment of a given
business model. Knowing the outcome of the historic case
allows us to benchmark the results of our analysis against
the actual outcome. While this does not present formal val-
idation of the method it adds credibility for using it. We do
not claim to offer any specific new insights on Napster itself
that would go beyond what has already been reported [e.g.,
[61]].

4. The Napster case: analysis of a P2P business model

Napster was founded in 1999 and became the first
widely adopted P2P network for trading music files. It
grew swiftly, came up against each of the market design
constraints, and addressed them with varying degrees of
success. Its purpose was to create an online platform
through which participants could easily find and exchange
digital audio files. To this end, Napster’s software created
two linked applications: the central index, running on
Napster’s own servers, which would list all of the content
resources available in the network, and the Napster user
interface, running on users’ local computers. Downloaders
in this scheme were Napster members searching for con-
tent, while uploaders were members providing content
stored on their own hard drives to share with others.
Commercial copyright owners rarely participated in
uploading their content in Napster. Users provided con-
tent almost entirely themselves, mostly without permission
from the content owners, and delivery of goods was car-
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ried out through the system by direct P2P links between
the parties to an exchange. Napster operated for less than
two years, until February 12, 2001, when it was closed
down by order of the 9th Circuit Court of Appeals, in
the decision on A&M Records v. Napster, because of its
contribution to massive copyright infringement. The inter-
ested reader can find details of the history of Napster,
including numerous data on the factual background of
the trading activities and user behavior in Ref. [61]. We
will now examine each of the seven constraints in turn
as they applied specifically to the original Napster P2P
file-sharing service.
4.1. The technical constraint

The technical viability of Napster was premised on sev-
eral IT innovations which Napster did not create itself. The
first was the digitization of music content. A second factor
was the adoption of broadband connectivity by consumers,
a prerequisite for easy exchange of digital music content. A
third factor was the general adoption of the MPEG-1
Layer 3 (MP3) audio compression encoding scheme as
the de facto standard for digital music.

With these technological innovations in place, the con-
tribution of Napster was software for content and manage-
ment as well as information coordination. Napster was a
hybrid P2P file-sharing system. It employed a centralized
index hosted on Napster’s site to support content discovery
while the actual digital exchange of content took place by
direct member-to-member links maintained by the Napster
client software running on members’ local computers. As
demonstrated by its extraordinarily swift rate of adoption
by millions of members, Napster was considered by its par-
ticipants to have provided a successful technical solution to
trading music online.
4.2. The economic constraint

While Napster succeeded in developing a technologically
well-working service model, it failed to adequately address
the economic constraint. Two issues in particular, pricing
and participation incentives, prevented their business
model from ever becoming economically viable. First, the
uploaders’ offering of content for free (zero pricing), as well
as Napster’s willingness to tolerate free trading, made it
impossible to directly compensate the content owners for
having their products shared among users. Prices are an
efficient mechanism to allocate scarce resources. But unfet-
tered copying and zero prices in the case of Napster lead to
a degenerated market where content became abundant and
demand was soaring at the cost of destroying any partici-
pation incentives copyright owners may have had other-
wise. Attempts to establish an exchange mechanism based
on gift economies [62] faltered because unpaid-for copies
of content products were used as the currency for the reci-
procal trade.
There were four major stakeholders in Napster: the pri-
mary goods providers, which were artists and firms creat-
ing most of the original content; secondary goods
providers, which were users who uploaded content copies
to the network; consumers who downloaded content from
the network; and Napster Inc., the firm that organized the
network and facilitated the file-sharing activities.

Napster did not charge for content provision and took
neither transaction fees nor service subscription fees. The
company never succeeded in developing significant income
from its value proposition of providing a service platform
for exchange of content [63]. While several alternatives
were probed by Napster’s leadership, most notably selling
advertisement space, none was fully implemented before
Napster was forced to close, having operated at a loss dur-
ing the entire time of its existence. Although Napster cre-
ated significant consumer value, it did so primarily
through wealth transfer away from content owners.

By not charging for the sharing of content, Napster thus
provided inadequate incentives for owners of copyrighted
content to participate in its business. Under the assumption
that a download is a lost retail sale, copyright owners refused
to provide goods, even though some artists assert that there
is an incentive to participate in file-sharing networks, claim-
ing that increased product exposure due to P2P file-sharing
activity leads to increases in concert ticket sales and retail
disk sales. However, the extent of the negative impact of
file-sharing on retail sales appears inconclusive [27,64,65].

4.3. The structural constraint

The now defunct Napster is considered the first full-ser-
vice file-sharing system operating in the music industry. It
created a new consumer environment for providing music
content. It may have had some first-mover advantage by
leveraging possible network effects to grow a huge user
base very fast. Pioneering online music file-sharing in
1999 during the dot-com boom era, while the business cli-
mate was still conducive to experiments with new Internet
business models, enabled Napster to develop its service for
some time. However, after the dot-com bubble burst in
2000, the company quickly found itself under increasing
pressure from the traditional industry structure of the
music business, which had the competitive advantage of
operating within mature and solid structural market
arrangements in the form of well-established businesses,
effective lobbying arms, strong relationships with retailers,
media, and (at least initially) consumers, as well as with
institutions that had passed laws and regulation designed
to support the traditional business of selling music record-
ings. Despite its considerable technological and service
innovations, Napster was not able to sufficiently address
the structural market constraint. It neither gained enough
institutional support nor achieved sufficient market power
to develop a structurally sound online file-sharing business
environment or attract effective partnerships with industry
incumbents.
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4.4. The legal constraint

The original Napster initially operated in uncharted ter-
ritory under no serious legal challenge. However, the explo-
sive use of Napster by its fast growing member base to
exchange copyrighted goods soon prompted legal action,
even though Napster itself didn’t provide the goods. The
record company A&M Records sued Napster for ‘‘vicari-
ous and contributory copyright infringement’’. Napster’s
defense centered on the decision of 1984 obtained in Sony

v. Betamax, in which the courts held that innovations in
technology could find ‘‘safe harbor’’ against injunctions
attempting to prevent their use, as long as there were also
significant non-infringing uses of the technology. Non-
infringing uses did occur in Napster and in subsequent
P2P networks, as some traded content was actually permit-
ted or in the public domain. But the precedent established
in Sony v. Betamax proved insufficient to legally protect
Napster. The courts held the company accountable for
contributing to copyright infringement, in part by provid-
ing a central index of files that users could use to easily
locate and download protected content. Napster was
closed by a court injunction issued in February 2001, and
never re-opened in its original form.

The legal constraint was particularly difficult for Nap-
ster’s management to address effectively. While there is still
a notable lack of consensus in the legal community on pre-
cisely how to strike the balance between protection of intel-
lectual property owners and consumer interests, it became
clear that Napster had gone too far with allowing users to
copy content on a massive scale. Late attempts by the com-
pany to contain unauthorized copying proved legally
insufficient.

4.5. The political constraint

Napster’s operations took place in a political environ-
ment which at first took little notice of it, then dismissed
it, and then finally moved to suppress it. Power in the music
industry, particularly in popular music, was concentrated
in the hands of a small number of traditional record com-
panies (referred to as the ‘‘big five’’ at the time). Typically,
music labels identified bands with talent and potential,
invested in developing their roster of artists, and then pro-
duced and marketed their music through their traditional
channels. Napster upset this system by enabling its mem-
bers’ network power collectively to circumvent the tradi-
tional music markets’ distribution channels. Napster’s
role in creating large networked online communities threa-
tened to shift too much power away from the traditional
music industry to consumers.

Once they became aware of the significance of Napster’s
activities, recording industry firms, acting together under
the Recording Industry of America Association (RIAA),
its lobbying arm, exercised considerable power to put Nap-
ster out of business. The concentration of industry power
in the hands of players with the ability to lobby legislators
and argue legal cases was pitted against the diffused power
of the Napster user community, Internet activists, and
Napster’s shareholders. In the end, Napster was not close
to prepared in terms of political power to defend its service
and business model.

4.6. The cognitive constraint

Napster’s interface was widely praised at the time as
innovative and easy to use. As demonstrated by the wide-
spread adoption of Napster, participants had little trouble
in understanding and using the features of the system,
despite some notable exceptions. For example, it appears
that some users were unaware of the bandwidth consump-
tion of their own Internet connections when swapping con-
tent on Napster, and thus also unaware of what bandwidth
contributions they might have been making to the network
[33]. Some users may have been unaware of precisely what
portions of their hard drives were visible to the network.
Napster’s easy to use and yet very powerful user interface
connecting millions of music lovers struck a chord with
consumers who discovered file-sharing as a new way of
finding and listening to music.

4.7. The cultural constraint

Napster did more than just address the cultural con-
straint. It actually created a wholly new culture that changed
the way people consume and socially experience music.
Terms like ‘‘Napster culture’’ or ‘‘Napsterization’’ have
meanwhile entered the canon of common English language.
Napster users were widely referred to as the ‘‘Napster Com-
munity.’’ Napster met some of the typical needs of virtual
communities by including chat and forum posting capabili-
ties in its interface [61]. However, subsequent developments,
as other P2P systems became available, showed that the
social ties of the Napster community were ultimately pretty
weak, as users readily switched to newer networks.

Perhaps somewhat surprising was the degree to which
legal norms concerning intellectual property rights failed to
translate into corresponding social norms, once the practical
barriers to violations were removed by IT. Educational
information about the legal consequences of file-sharing
copyrighted intellectual property did not have a significant
effect on music piracy behavior in the online music commu-
nity [58]. The continued use of P2P systems today to swap
copyrighted content suggests that within a population seg-
ment comprising millions of file-sharers worldwide, a fairly
stable social norm that views file exchanges over P2P net-
works as acceptable may have developed [46].

4.8. Discussion of the results of the analysis

Looking at the seven constraints that we proposed ear-
lier, we find that Napster was able to address some of
them quite effectively, while others remained critically
problematic. Our analysis reveals the considerable bias
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that was present in the design of Napster’s network. It
leaned heavily towards the demands of the user commu-
nity. Considerable attention was paid to the needs of
the users. Thus, the technical, cognitive and cultural con-
straints were addressed in much detail. However, less
attention than necessary was paid to the economic, struc-
tural, legal and political realities of the industry in which
Napster chose to operate. While Napster was successful in
terms of service innovation and consumer popularity, it
failed to muster support from the music industry and its
governing institutions that could have allowed its creators
to redesign their business model and make it economically
viable and legally sound.

Some interactions among the various constraints also
contributed significantly to the outcome in the Napster case.
For example, the technical solution of creating a central ser-
ver index provided excellent performance, but increased
legal vulnerability in terms of abetting copyright violations,
and ultimately made it easy for the courts to shut down the
service. Similarly, the lack of a viable economic model may
have reduced Napster’s ability to mount a legal defense, and
its relative lack of political power also played a role in the
failure of the company to win its legal case. Generally,
improving performance on one dimension may have nega-
tive impacts on other dimensions. Hence, from a business
strategy point of view, it is vital that the business model sat-
isfy all seven market constraints simultaneously. This will
typically require trade-offs among interdependent con-
straints. Napster’s service model started out with overreach-
ing on some dimensions and falling well short on others. The
company could never recover from the resulting disparities
and was unable to engineer a business model that repre-
sented a feasible balance between technical possibilities
and market realities. Table 3 summarizes the outcomes for
Napster on each constraint, and shows a strong bias towards
the technical and user side of the music industry, and a
neglect of the considerations of other stakeholders.

Napster’s approach to addressing the cognitive and
cultural constraints was so successful that Roxio Inc.
acquired its brand name out of bankruptcy to market a
new legitimate online music service, Napster 2.0. It aimed
to appeal to people who loved using the original Napster,
although it offered a service model that only shared name
and logo with the original service. While the original
Napster was unable to successfully address the political
constraint that accelerated its demise, it nevertheless
Table 3
The seven constraints in the case of Napster

Constraint Key factors Outcome

Technical Content discovery, Content file exchange Success
Economic Content pricing, Participation incentives Failure
Structural Institutional Support, Music Industry

Structure
Weak

Legal Copyright law and regulation Failure
Political Market power, Lobbying Insufficient
Cognitive User interface, Trade logic Success
Cultural Norms and values, Online music culture Success
may have contributed to a possible long-term shift
empowering consumers in the digital entertainment space
[66]. But, of course, it was the legal constraint that proved
to be the ultimate stumbling block Napster could not
overcome. Overall, the story of Napster provides a cau-
tionary tale about the risks of entrepreneurship in an area
troubled by high legal uncertainties.

5. Applying the seven constraints framework to the evolution

of P2P systems

The previous section on the specific Napster case has
demonstrated how our framework supports the evaluation
of a specific P2P business model. In this section, we show
how our framework applies to an analysis at the aggregate
level in the longer term. Similar to Dai and Kauffman [67],
who examined how the typology of business models in elec-
tronic B2B markets has morphed in response to technology
change, we now look at the evolution of P2P systems over
time and analyze how the seven constraints have impacted
the general development of the business models in this
industry. We track the migration of P2P service models
over time in a changing business environment.

It is interesting to note that technological development
did not end with the demise of Napster. On the contrary,
it has progressed via successor file-sharing systems that
continue to serve former Napster users as well as new gen-
erations of file-sharers. In fact, the P2P file-sharing systems
of the post-Napster era have become far more efficient [cf.
Table 1]. The current availability of multimedia content on
P2P networks [68] is due in part to the success of the
MPEG-4 video encoding specification and its implementa-
tion in codecs commonly seen in P2P files such as Xvid or
DivX. Another technical innovation, just as critical for P2P
video data, is the BitTorrent file-sharing protocol that
decomposes content and parallelizes distribution across
multiple nodes in the network [69].

Fig. 2 depicts the five generations of P2P system that
correspond to the five system typologies that were intro-
duced earlier, in Table 1, and illustrates our evolutionary
analysis of P2P systems. For the sake of simplicity, we
show the interplay of constraints and redesign of business
models for only two of the seven constraints. Similar fig-
ures could be presented for any other combination of con-
straints. Here, our analysis focuses specifically on the way
the networks have responded to the legal constraint with
technological innovations. Fig. 2 shows how new P2P ser-
vice models have emerged that address legal challenges by
pushing the technical constraint. More specifically, we see
that during the first three generations various technological
improvements in P2P applications tried to evade the legal
constraint instead of fully addressing it. Technical sophisti-
cation provided better shelter from legal action, but
without resolving the legal issues. This resulted in many
legal obstacles on the way, and eventual inability to pro-
vide reliable service. The first real attempt at addressing
the legal constraint was made in Generation IV. This is
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the generation of private P2P networks whose access is
restricted via password logins, thereby preventing massive
copyright infringement and aiming at supporting small-
scale, legitimate sharing activities. Our framework predicts
that future developments of business models can continue
further only from this generation onward. Constraints can-
not be avoided successfully in the long term; they need to
be addressed eventually.

A similar dynamic diagram could be created to trace the
way in which some of the economic constraints were
addressed. Initially P2P networks did not provide incentives
to users to upload content. This resulted in substantial free-
riding behavior. During the following generations some net-
works started introducing user scores that accumulated as
the user shared more content. These users later received pref-
erential treatment in downloading content from the net-
work. Using our framework we can predict that eventually,
under a successful business model, users who share more
content and provide more bandwidth will incorporate par-
ticipation incentives (e.g., compensation or rewards).

Fig. 2 also illustrates some interactions between the con-
straints. We can see that actions that reduce the importance
of the technical constraint might increase the importance of
the legal constraint. For example, in the transition from Gen-
erations II to III, an innovation that improved on the techni-
cal constraint (the more efficient parallel download/upload
of large files) increased the networks’ vulnerability to legal
attacks, as the increased sharing of movies resulted in addi-
tional legal action from the Motion Picture Association of
American (MPAA), which represents the movie industry.

6. Electronic markets and file-sharing networks

So far we have limited our attention in this paper to the
analysis of P2P environments. Because our constraints
framework is specifically grounded in a content analysis
of P2P research in the IS literature we cannot make well
founded claims on its generalization to other electronic set-
tings. However, considering P2P file-sharing as a special
case of an electronic market does suggest raising the possi-
bility of extending our framework to other special cases, or
electronic markets in general. In order to support this argu-
ment we will next systematically develop in some detail a
novel conceptualization of P2P service offerings as specific
cases of electronic markets.

From a technical point of view, P2P file-sharing systems
are particular IT applications for content distribution that
can be adopted by service providers to support their busi-
ness. From an economics point of view, on the other hand,
P2P file-sharing systems are arguably better understood as
online markets. In order to make this argument clearer, let
us briefly review the basic concepts of physical and elec-
tronic markets before we introduce our new conceptualiza-
tion of P2P file-sharing systems as a particular form of
electronic markets.

Markets are socio-economic arrangements that bring
buyers and sellers together for the purpose of trading
goods. The main functions of markets are summarized in
left column of Table 4. Traditionally, markets require
physical space for the organization of the marketplace.
Electronic markets relax the physical space requirement
by carrying out market activities and implement market
functions through the application of information technol-
ogy [70]. Early electronic market systems were limited to
supporting the online exchange of information about avail-
able products while the actual order fulfillment occurred
through traditional, physical channels [71]. With the digiti-
zation of information products it is now possible to set up
electronic markets that not only bring buyers and sellers
together to exchange information and make deals but also



J. Hughes et al. / Electronic Commerce Research and Applications 7 (2008) 105–118 115
deliver the sold products to the buyers. In other words,
electronic markets for digital information goods whether
for financial products or air tickets can be designed to sup-
port all market functions electronically.

In the case of P2P file-sharing, the digital goods traded
are content files representing cultural artifacts (music, mov-
ies, games, etc.). Uploaders, participants offering content,
represent sellers, while downloaders, who obtain content
from the network, represent buyers. Unlike markets for
physical goods, and independent of the type of content
being traded, P2P markets can only run over networked
IT platforms. They enable electronic connections to facili-
tate content delivery through file exchanges, and addition-
ally provide for storage and display of the digital media
content. The IT in P2P file-sharing markets is supplied in
part by the market facilitator (i.e., the P2P service pro-
vider) but more importantly also by the participants them-
selves, who connect their own digital resources to the P2P
network. Network members can provide not only content
resources for exchange but also network bandwidth and
processing resources to increase the efficiency of the service.
Many P2P systems now make explicit use of this fact, offer-
ing differential service levels for users who trade resources.

P2P file-sharing networks are designed as decentralized
markets where participants are geographically dispersed
but connected via the file-sharing application software that
runs over the Internet. While market coordination can be
centralized or decentralized, it is the users who hold collec-
tively the content inventory on their local computers. As
the right column of Table 4 shows, P2P file-sharing services
implement all traditional market functions. In other words,
we can say that P2P file-sharing services set up markets for
trading digital content products.

Now that we have established the notion that P2P busi-
nesses constitute electronic markets for exchanging con-
tent, we need to ask whether our market constraint
framework can also be applied to other e-market arrange-
Table 4
Market functions and their implementation in P2P file-sharing services

Market functions Implem

Bring together buyers and sellers They b
of trad

Make available information about the goods in the market They m
executi
provide
trading

Make available information about the pricing of goods in the market
and determine prices and quantities of the traded goods

They d
current
system
interna
redeem

Negotiate the terms of a transaction They fa
providi
or by p

Execute the transaction. They ex
over w

Facilitate the transfer of traded goods They tr
monito
ments like Internet auctions, B2B electronic markets, user-
generated content sites, social network applications, and so
on. For that purpose, let us briefly show how our con-
straints framework would be applied to the case of the pop-
ular online video-sharing site YouTube.com, which is not a
P2P business. It is an user-generated content site that
enables users to post and share their own media creations
– original pieces as well as copies and derivative works of
existing and often copyrighted content, often shared with-
out permission from the original content owners. This ser-
vice allows users to share video content by letting them
upload clips to a central server site and watch videos by
having them streamed to their local computer.

Importantly, YouTube does not employ P2P technology
to implement its content sharing model. In Table 5, we
summarize the outcome of our constraints analysis, which
reflects the state of the business at the time of this writing.
As the company matures it will likely implement changes to
its service model that will affect its performance along the
constraints, which could prompt an update of the analysis
that follows.

YouTube appeared as a purely cultural phenomenon in
the very beginning. It is still not clear how YouTube can
leverage its innovation to generate profits since one of the
reasons for its popularity was the fact that it was non-com-
mercial. However, unlike Napster, it does have a strong
partner in Google, which acquired the service in October
2006 for $1.65 billion. While it is unclear whether it will
be possible to successfully sell advertisements on YouTube,
the company is in a good position to explore this revenue
option [72]. A major obstacle will be the influence of tradi-
tional advertising companies and TV channels that are cur-
rently doing the bulk of advertising in terms of dollar
value. The partnership with Google has also been a great
boon with respect to the structural and political challenges
that YouTube has been facing. Since the days of Napster
the main players in the content industry have begun to
entation of market functions in P2P file-sharing service models

ring together downloaders (buyers) and uploaders (sellers) for the purpose
ing content
ake available information about the content products in the market by

ng file searches in response to user queries for specific titles. Uploaders
meta-data tags for the files to describe the content they make available for

etermine price and quantity. The cash price for most content products in
file-sharing systems is usually zero, which resembles a degenerated pricing
but a pricing system nevertheless. Some newer systems use a system-
l currency that attaches quasi-prices to content products and lets users
earnings within the system
cilitate negotiation and establishment of the terms of a transaction by
ng interface controls for participants to set their own upload bandwidth,
roviding local storage for network content indexing information
ecute the transaction by creating the direct P2P link between participants

hich digital information goods are transmitted as files
ansfer and deliver the traded goods by initiating, maintaining, and
ring the actual file download process through completion of delivery



Table 5
The seven constraints in the case of YouTube in its current state (as of January 2007)

Constraint Key factors Outcome

Technical Content discovery, Content file exchange Success
Economic Revenue model Participation incentives Unresolved
Structural Institutional Support, Movie/TV Industry Structure Partial Success; Somewhat resolved
Legal Copyright law and regulation Partial Success; Somewhat resolved
Political Market power, Lobbying Success; Resolved at present
Cognitive User interface, Trade logic Success
Cultural Norms and values, Online community culture Success
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work more with new online ventures and have agreed to
some deals with YouTube concerning the sharing of copy-
righted content over their site [73]. Management has made
serious attempts to address the legal constraint through a
mix of licensing arrangements, technical restrictions, and
oversight. Some TV companies have allowed part of their
shows to be shown and posted on YouTube while others
have asked YouTube to delete copyrighted content. But
legal issues remain thorny, and could thwart the fragile
agreements that YouTube has been able to make with
the copyright industry [74]. Our constraints analysis shows
that YouTube has made strides to overcome the legal,
structural, and political problems that plagued other con-
tent sharing businesses like Napster, for example. But
unless it also generates sustainable revenue streams it can-
not become a viable business in the long run, and interac-
tions among the constraints may very well jeopardize the
accomplishments that have been made if the economic con-
straint is not addressed soon.

7. Conclusions and future directions

This paper used exploratory literature analysis within
the realm of P2P research to construct an analytical frame-
work for evaluating P2P business models. We proposed
seven specific market constraints that determine bound-
aries for feasible P2P business models. Based on this theo-
retical framework, we also developed a tool for strategic
business analysis, and demonstrated how it can be
employed to perform a viability analysis of P2P business
models.

There are some obvious parallels between our con-
straints and research that has been done on the design of
physical and electronic markets in economics (see [4] for
example). Notably, work in the area of experimental eco-
nomics and market design theory suggests that a small
number of fundamental principles determine whether a
particular market design can work well or not. Numerous
studies have examined and compared different market
designs on overall efficiency and effectiveness and all of
them have come across upon constraints similar to the ones
we propose in the present paper.

Our approach is, of course, not limited to studying the
historic case of Napster. It can be readily applied to other
file-sharing services that are currently operating. While it
has become clear that unrestricted copying of content for
the mere purpose of sharing is legally inadmissible, it less
clear how sharing can be organized as a business so that
it generates value for both content owners and consumers.
We found that there is a clearly discernable evolution of
system typologies from a technological point of view, but
the P2P file-sharing market has not yet matured enough
to establish a stable typology of business models. There
are experiments with advertisement-based business models
offering free content, subscription-based services, as well as
other fee-based approaches, but none of them so far has
been able to effectively incorporate all of our seven con-
straints and become successful in the marketplace.

User-generated content sites are currently among the
fastest growing Internet services. Our analytic approach
based on electronic market design principles should be use-
ful to help design and develop new business models that are
being proposed in these evolving areas. While we consid-
ered specifically business models based on P2P file-sharing
in this paper, we suggest that our approach could be more
generally adapted for businesses in the digital entertain-
ment space.

In order to complement our theoretical analysis let us
conclude by briefly outlining how our framework can be
used as the basis for developing a business management
tool to support strategic decision-making regarding design-
ing and developing business models based on content shar-
ing. One possibility we envision is the development of a
decision support system software product with a dash-
board-style user interface akin to balanced scorecard sys-
tems [75]. The goal of the system would be to give a clear
and balanced view of the enterprise to the top management
by offering strategic feedback showing the present status of
the business model and its performance from the seven per-
spectives defined in our market constraints framework.
Diagnostic feedback from the various business processes
would guide improvements for developing the business
model on a continuous basis. Operational performance
measures for each of the seven market constraints would
need to be specified so that organizational performance
trends could be tracked over time and indicate decision
needs as they occur.

Each constraint could be represented graphically with
specific performance measures, with links to more detailed
data sources, plotted in color-coded areas representing four
performance levels and directions of change. Improve-
ments and deteriorations would be traced over time and
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used to spot significant interactions across constraints. Per-
formance targets for each measure would be specified and
an analysis would be performed periodically (e.g., every
month or quarter). This business model design and rede-
sign process would continue until it reached a state where
the business model showed a stable and satisfactory perfor-
mance. At this stage, the business model development
phase would be complete. The venture might be integrated
with the general business of the company, and business per-
formance analysis could shift to a regular balanced score-
card system.

P2P technologies and file-sharing systems are still evolv-
ing swiftly. Although innovations in these systems can be
narrowly explored and studied ad hoc, we believe that it
is also important to have available a robust and flexible
analytic framework that will help IS researchers conduct
analyses on various developments in P2P and content shar-
ing markets. The particular fronts on which file-sharing
business struggles are being fought shift continually. But
the fundamental forces that we have integrated here, on
which the actual outcomes depend, however, do not. Thus
our contribution here is to provide such a framework for
analysis, founded in technology and basic principles of eco-
nomics and other relevant areas, but oriented toward prac-
tical business outcomes for strategic guidance and
understanding.
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