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ABSTRACT 

Advances In information technology (IT) have enabled the design and development of 

innovations in software and computer-assisted business methods. Firms attempt to leverage 

these innovations to gain competitive advantages through cost reduction, or quality 

improvements, and often pass some benefits to consumers. 

However such competitive advantages are increasingly difficult to sustain because IT-

enabled innovations are becoming easier to copy or imitate. Competitors can use reverse 

engineering or decryption techniques to discover how an innovation operates, modify the 

original and distribute the amended innovation as a new product. Unfortunately, the ability 

of competing firms to imitate quickly and cheaply may reduce the incentives for firms to 

incur the cost to innovate. 

Much literature discusses ways government may induce firms to innovate and thus increase 

current and future social welfare. One tool available to government to provide such 

incentives is patent protection, i.e. providing an exclusive right of the innovations to the 

innovator. 

One goal of patent policy is to maximize social welfare by providing incentives to innovate 

while simultaneously maintaining a competitive market. Policymakers disagree over how 

to balance these two often-conflicting goals. Much of the disagreement is based on what 



II 

factors the government may control to provide protection for innovating firms and the 

socially optimal level of patent protection. 

Determining optimal protection policy is a non-trivial task. The complexity arises from 

stakeholders who may have contradictory objectives and a menu or mix of options. Of 

course it is difficult to reach the first-best solution because the social planner does not have 

full access to information about firms and consumers. 

This dissertation reviews economic theories of patent protection, address problems and 

issues related to the progress of ITs. and investigate how a specific set of patent policy 

affect the incentives for firm to develop technological innovations and the way developed 

innovations are adopted and diffused throughout the marketplace. 

This work builds on. and contributes to. literatures in the areas of information systems, 

economics, public policy and law and provides valuable insights for regulators responsible 

for designing and evaluating patent systems and for firms competing strategically under 

these systems. 
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Chapter 1: Introduction 

"An Investment in Knowledge always pays the best interest". 

Benjamin Franklin 

"Patents add the fuel of interest to the spark of genius. " 

Abraham Lincoln 

"Congre.ss shall have power... To promote the progress of science and useful arts, by 

securing for limited times to authors and inventors the exclusive right to their respective 

writings and discoveries, " 

US Constitution, Article I. section 8. 

Advances in information technology (IT) have enabled the design and development of 

innovations in software and computer-assisted business methods. Firms attempt to leverage 

these innovations to gain competitive advantages through cost reduction, or quality 

improvements, and often pass some benefits to consumers. However such competitive 

advantages are increasingly difficult to sustain because IT-enabled innovations are 

becoming easier to copy or imitate. For example, rivals can use reverse engineering or 

decryption techniques to discover how software applications operate, make slight 

modifications to the original innovations, and distribute the amended software through 

Internet as a new product (Behrens and Levary 1998). Unfortunately, the ability of 

competing firms to imitate quickly and cheaply may reduce the incentives for firms to incur 

the cost to innovate. 
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However, innovations are vital to the welfare and progress of our society. Technological 

innovations are the major source of growth in per capita income and directly related to 

consumer's standard of living (Nordhaus 1969. Hsu 1998). Therefore, much debate in the 

law/technology/economics/policy literatures discusses ways government may induce tlrms 

to innovate and thus increase current and future social welfare. One tool available to 

government to provide such incentives is patent protection, i.e. providing an exclusive right 

of the innovations to the innovator. 

Software enabled financial services have been patentable since the State Street Bank & 

Trust Co. vs. Signature Financial Group. Inc. Federal Circuit case in 1998. Since then, 

many firms have patented various Internet business methods including pure software 

applications, ecommerce applications. Internet enabled services, telecom services, virtual 

retailing, and other business method applications (Glazier 2000). Business methods, i.e. 

business ideas and supporting technology, are relatively easy to create and imitate 

compared with major innovations in drug and chemical industries. 

One goal of patent policy is to ma.\imize social welfare by providing incentives to innovate 

while simultaneously maintaining a competitive market. In this case, the goals of policy are 

to encourage the diffusion of technology while allowing the innovating firms to recover 

costs and earn fair profit. Policymakers disagree over how to balance these two often-

conflicting goals. Much of the debate and disagreement is based on what factors the 

government may control to provide protection for innovating firms and the socially optimal 

level of patent protection. 
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Recently, there have been many disputes exemplifying how difficult to choose right type 

and level of legal protections for technology-enabled business methods. Even after the 

Federal Circuit set the policy to award patents for business methods, the Court and 

companies alike have difficulty in interpreting the details of the patent protection. We 

illustrate how difficult the interpretations are from a few examples. 

Amazon.com introduced the "One Click'" technology that eliminates the need for frequent 

customers to repeatedly type billing and credit card information (filed September 12. 1997 

and patented on September 28. 1999). On May 27. 1998. Barnescmdnohle.com introduced 

"Express Lane." which performs the siime function with "One Click" technologies. One 

month aiicx Amazon.com received the patent. Amazon.com filed a lawsuit to protect its 

patented technology (October 21. 1999'). In Federal Circuit. Amazon.com was granted a 

preliminary injunction against Barne.sandnohle.com in December 1999. One year later, in a 

February 2001 opinion, the Federal Circuit lifted the injunction, concluding that the 

validity of the patent was questionable. A year later, in 2002. the suit was settled, leaving 

the term of the terms of settlement confidential (The Seattle Times 2002). 

' Patent no. 5960411. Method and system for placing a purchase order via a communications 
network. 

• A quote from USA Today (10/22/1999). 

"Being a pioneer and innovating for customers is always hard." said Jeff Bezos. Amazon.com 
founder and chief executive officer. "We spent thousands of hours to develop our i-Click process, 
and the reason we have a patent system in this country is to encourage people to take these kinds of 
risks and make these kinds of investments for customers." 
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Similarly. Priceline.com patented "Name Your Price"" technology which allows buyers 

to name the price they are willing to pay for hotel and airline reservations (filed September 

4. 1996 and patented August 11. 1998). In October 1999. Priceline.com sued Microsoft 

ExpeJia. alleging that "Price Matcher" for hotel and airline reservation introduced by 

Microsoft Expeclia infringed its "Name Your Price" patent (Wolverton 1999). According to 

Haney (2001). "Priceline claimed that it had given Microsoft confidential information 

when the companies were considering a marketing tie-up that was likely to have involved 

ExpeJia's licensing Priceline's intellectual property. After those discussions broke Jown. 

ExpeJia launched its Hotel Price Matcher service, which Priceline alleged was .similar to 

its existing price matching service and infringed on its patent." Finally a settlement was 

reached on condition that Microsoft Expedia cozz/t/continue its "Price Matcher" service but 

would have to pay a royalty to Priceline.com, leaving all details of settlement confidential 

(Bloomberg News 2001). 

Each of these cases shows how difficult the decisions regarding patent protection for IT 

innovations have been. i.e.. the Court issued an injunction, later reversed it. and finally did 

not make a decision because firms in both cases settled. 

^ Patent no. 5794207. Method and apparatus for a cryptographically assisted commercial network 
system designed to facilitate buyer-driven conditional purchase offers. 
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As stated earlier, the goal of patent protection by legislation is to provide firms 

incentives to innovate while maintaining a competitive environment. Difficult tradeoffs and 

recent events have led legislators to reconsider whether existing policies are appropriate 

and meet social goals. The federal court, the USPTO, and Congress have begun to take 

action to limit the number and scope of software patenting in ways that will make future 

enforcement actions potentially more difficult and costly (Baumann 2001). Policy makers 

recognize that business method patents are too easy to attain and provide too much 

protection for patent holders, which leads to anti-competitive behavior, prohibits 

technology diffusion and. consequently, hurts consumers. 

Two critical arguments in the patent reform debate are as following [see Baumann 2001. 

Bill Roberts 2002. Cantos et al 2001. Durant and Chuang 2000 for more detailed 

discussions): 

(1) one faction declares, "raise a patent bar!'' That is. some believe that before receiving 

a patent, a firm should have to demonstrate that the innovation has made a significant 

improvement or contribution to existing technological progress. 

(2) The other faction says, "provide narrow protections! " From this perspective, current 

patents provide broad umbrella of protection to existing patents, which can lead to anti-

competition behavior. So the cure for it is to restrict the patent infringement claim 

interpretation. In the economics literature, the level of protection is defined as patent 

breadth. Specifically, protection against slight improvement is defined as leading 

breadth and protection against imitation as lagging breadth. 
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In an attempt to set a higher patent bar. Congress is preparing a bill"* that would make it 

more difficult to get a business method patent by 

(1) publishing all business method patent applications within 18 months. 

(2) providing an administrative opposition procedure within nine months following the 

granting of a patent. 

(3) creating a rebuttable presumption that a business method invention consisting of a non-

novel computer implementation of a pre-existing invention is obvious, and thus non 

patentable. 

(4) requiring an applicant to disclose its research of prior arts. i.e. issued patents and 

published materials (Baumann 2001. Cantos et al 2001). 

A similar current court case may limit the protection of all existing patents. In Festo vs. 

SMC in 1988. a Federal Circuit Court limited infringement under the "Doctrine of 

Equivalence." i.e. a new product infringes if it basically performs the same function in the 

same way with the same results. If the Supreme Court uphold the circuit decision, it could 

make the scope of 1.2 million patents narrower (Bill Roberts 2002). 

In opposition to some arguments for making patent protection narrower. Durant and 

Chuang (2000) criticize the assumption that e-commerce patents may discourage e-

commerce development. They maintain that the low patent bar. i.e. broader range of 

* "Business Method Improvement Act of 2001" by US representatives Howard Berman and Rick 
Boucher on April 3. 2001. 
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patentability, has been balanced somewhat by restrictive claim interpretation during 

enforcement of patents. 

The objective of patent protection is to balance current and future welfare, defined as an 

aggregate of consumer and producer surplus. Determining optimal protection policy, i.e. 

maximizing social welfare, is a non-trivial task. The complexity arises from stakeholders 

who may have contradictory objectives and a menu or mix of options: a social planner 

maximizes social welfare, firms ma.ximize their profits, and consumers maximize their 

utility. Of course it is difficult to reach the first-best solution because the social planner 

does not have full access to information about firms and consumers. 

Despite the importance of regulatory policy to patent protection of business methods in the 

new economy, little of the work reported in the economics and information systems 

literature has addressed the pressing issue. The economics literature is replete with 

theoretical models/tools that are applicable to patent system analysis but describes few-

applications designed to meet today's challenge. In addition, the IT literature has little 

formal evaluation or analysis of problems identified above. The most up-to-date 

discussions can be found in law journals or tech/business magazines. However, these 

treatments lack serious economic considerations and lack rigorous methodological 

approaches of the effectiveness and welfare impact of the protection they propose or 

oppose. 

This dissertation investigates the impact of patent protection on incentives for firms to 

develop technological innovations and the way developed innovations are adopted and 
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diffused throughout the marketplace. This work consists of three essays that build on and 

contribute to literatures in the areas of information systems, economics, and research 

policy. The work provides valuable insights for regulators responsible for designing and 

evaluating patent systems and for firms competing strategically under these systems. 

In the second chapter, we present a survey of economic theories related to patent 

protection. The work introduces patent problems especially driven by the advance of 

information technologies, finds a general model of patent protection policy, and discusses 

each component of the model in order to classify theoretical literature and guide 

mathematical models to examine alternative patent systems. A general model of patent-

protection theory formally summarizes the conflicting objectives of social planners, firms, 

and consumers with regard to such major components as patent policy, firms" strategy, 

market assumptions, and research methodology. The model can be applied to most research 

in the area of patent protection and may be reconfigured to solve several related problems 

that include patenting of software. Internet business methods, and the like. We redefine 

conflicting terms regarding patent protection and classify reports in the literature based on 

the general model framework. The work examined how previous research explored each 

component of the general model and found interesting theory trends. This paper contributes 

to encouragement of systematic investigation of patent policies in information technology 

related/enabled industries by highlighting important components of the general model and 

suggesting relevant methodologies. 
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In the third chapter, we present a non-regulatory competition of duopoly firms to 

examine how profit maximizing firms, specifically Internet Service Providers (ISPs), 

compete in setting quality and charging customers when ISPs face the declining cost of 

information technology investment and the change of consumer preference. We use this 

model to examine: 

(1) the connection quality and price set by each ISP. 

(2) the profit-maximizing response of an ISP to a change in connection quality or price set 

by its rival. 

(3) the impact of cost reductions in network technologies on ISPs" decisions. 

(4) and the impact of growing (or increased) consumer sensitivity to connection quality on 

ISPs' decisions. 

In the fourth chapter, we set up an economic model of regulatory competition to examine 

the way patent systems affect the incentives for firms to generate and develop novel ideas 

and the way the innovations diffused throughout the marketplace. Considering two policy 

parameters together, i.e. patent bar and patent breadth, we investigate the effect of patent 

policy upon 

(1) equilibrium investment in innovation, price and quality. 

(2) and strategies of innovation, development, imitation and pricing. 

We can find our contribution in providing the integrated view of the patent protection 

impacts upon innovation, quality setting, and market segmentation given market 

parameters. 
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Chapter 2: Economic Theory of Patent Protection Policy: 

A Review 

1. Introduction 

Innovations are important to our society. Technological innovations are the major source of 

growth in per capita income and directly related to consumer's standard of living (Nordhaus 

1969. Hsu 1998). Therefore, government encourages and protects innovation by regulating 

copyrights, trade secrets, trademarks, and patents in order to increase current and future 

social welfare and to e.xpand relevant knowledge. Firms invest enormous resources in 

research and development to achieve competitive advantage over their rivals by exploiting 

a new invention most profitably. Innovations, and protection of them, provide bargaining 

power with customers, barriers to entry of competitors, a flow of profits from licensing 

fees. etc. Consumers are concerned about how innovations, and regulation of them, may 

affect their living standards, directly or indirectly. 

The software industry offers an example of the dynamic relationships that exist among 

government, firms, and consumers. Governments try to protect and encourage the invention 

of new operating systems, utilities, applications, and programming languages that 

contribute substantially to the social welfare.. Leading software companies continuously 

introduce new or upgraded products to protect their markets from competitors. Innovations 

and regulations benefit consumers if they result in better products at relatively lower prices. 
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In the pharmaceutical industry, new drugs benefit consumers both by curing/alleviating 

diseases in the short run and by lowering health care expenses in the long run. 

Governments offer protection, subsidies, or prizes for products that can cure fatal diseases. 

Patent protection gives firms monopoly power over newly developed drugs\ resulting in 

profits that can be dedicated to developing new drugs or processes to cut production costs. 

Consumers may suffer from inability to afford the new drug; but the medication might 

never have existed had there been no patent protection, and there is the possibility that 

price competition after the patent expires or introduction of substitutes may drop the price. 

According to A. Arora (1996). market leaders in the chemical industry have used the patent 

system in different ways, depending on market concentration. When, before-WWII, the 

market was concentrated among several leading firms relying on the patent system 

combined with secrecy to deter entry by competitors. In the less-concentrated markets after 

the war. firms have used the patent system as a revenue source through licensing, thereby 

lowering the entry barrier and increasing market competition. Arora attributed the major 

force of this role shift to the emergence of firms that specialize in design and engineering 

of chemical processes but are not interested in developing and commercializing an 

innovation for themselves. 

^ Though patent life is 20 years to all utility patents, effective patent life may differ according to the 
industry. For example, effective patent life in the pharmaceutical industry is shorter than 20 years 
because a new drug, after filing application to USPTO. must go through FDA tests before 
marketed. 



Proper regulatory systems are necessarv'; they provide incentives to innovate. A nation 

should protect innovations to generate innovations efficiently because individual inventors 

are unlikely to profit sufficiently from innovations because others probably will be able to 

imitate or duplicate their work more cheaply. In particular, information goods such as 

business ideas on Internet, applications to facilitate message e.xchanges. disc compression 

utilities, and the like can be easily reverse-engineered at little cost. Current protection 

systems, designed a century ago and modified numerous times, are now of questionable 

value and are being severely challenged by the rapid advance of information technology 

(IT), with its smart reverse-engineering techniques and worldwide distribution applications 

(Thurow 1997). 

Digital Versatile Disk (DVD) is an e.xample of that IT challenge. DVD is an innovative 

medium that can provide higher video quality and greater capacity than the compact disc 

(CD). To protect the copyrights of movies. DVD was introduced with a 40-bit encryption 

system. Content Scrambling System (CSS), which is a trade secret owned by the cartel 

DVD Copy Control Association (CCA). However. CSS has been successfully reverse-

engineered and decoding software now is available free, enabling consumers to play back 

and distribute copyrighted material. 

MPS file format provides an efficient way to store audio/video files, in which a single CD 

can save hundreds of songs using MP3 format, compared with 10-20 songs using a 

conventional recording method. However, availability of MPS has ignited several copyright 

infringement lawsuits against Napster, the originator of a file-swapping software that 
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allows end users to share mp3 files on the Internet. Two entertainment groups. Meiallica 

and Dr. Dre. filed suit. After a long dispute in court the lawsuit was dropped on condition 

that Napster implements a system that perfectly prevents copyright infringements through a 

subscription-based operation. A "beam-it" application, mp3.com was subsequently 

provided to allow CD owners to access songs on the Internet without using original CDs 

that had been beamed to mp3.com. mp3.com is now dealing with individual companies to 

settle copyright infringement violations by paying a penalty for each song illegally 

transcribed. 

Numerous lawsuits related to Internet business methods have alerted legislators to a need 

for reform of the current patent system. A business method (BM) has become subject to 

patent coverage since 1998^. Reflecting the ease of creating business methods, the number 

of BM patent applications has doubled each year and been accompanied by myriad 

disputes. Amaion.com patented "One Click" technology that eliminates typing billing and 

credit card information for repetitive buyers. Amazon.com filed a lawsuit against 

Barne.sandnohle.com that Barnesandnohle.com's "E.xpress Lane" system infringed its "One 

Click" patent. After a federal district judge in Seattle granted Amazon.com a preliminary 

injunction against Barnesandnoble.com. Barnesandnohle.com changed its procedure to a 

'' State Street Bank & Trust Co. V. Signature Financial Group, Inc.. 1998 is a federal appeal case 
that made even software enabled financial services patentable. The case has opened a rush for 
Internet business method patents. This includes patents for pure software applications, ecommerce. 
Internet enabled services, telecom services, virtual retailing, and other business method 
applications. (Glazier 2000) 
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slower and less convenient multiple-click process. Similarly. Priceline.com also sued 

Microsofi Expedia for infringing on its "Name Your Price" patent, a reverse-auction 

mechanism through which buyers bid their prices for hotel and airline reservations. 

Microsofi is now paying a royally to Priceline.com for licensing the process. 

Research in regulatory systems in economics and information systems is limited, despite its 

importance in an IT-driven economy. Most relevant discussion has been in 

law/tech/business magazines or journals and lacks serious consideration of effectiveness or 

impacts on the welfare of those expected to be affected. 

Finding an optimal protection policy when the involved parties lack complete information 

is non-trivial. Complexity arises from the interaction and tradeoff of conflicting objectives 

among policy makers, innovating firms and their rivals, and consumers. Policy makers tr>' 

to maximize current and future welfare defined as an aggregate of benefits to both 

consumer and producer, firms seek to maximize their profits, and consumers maximize 

their own utility. What makes it more difficult is the fact that the social planners involved 

do not have full access to information about firms and consumers. 

Consumers may argue that, to improve their welfare, patent life of an innovation should be 

shortened. However, shortening patent life may alert a monopoly firm to raise its price in 

order to recoup its investment in research and development (R&D). This may leave many 

consumers worse-off because of being denied access to the innovation. In the case of a 

drug that can cure deadly diseases, allowing a generic drug to be sold may save millions of 

patients who could not afford the brand-name drug. However additional millions of future 
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patients may suffer from being deprived of new drugs that might have been developed 

had the company had had financial resources garnered from earlier profits. 

Our first goal is to find a general model of patent protection underlying the economic 

theory literature. The general model should be broad enough to define a core theoretical 

literature based on a combination of its components. In our approach, the general model is 

like a general problem situation or framework that allows the e.xtent of similarities and 

differences of each of its components to be seen. Second, we survey and classify up-to-date 

economic theories based on the proposed general model, rather than describing the 

contribution of each component. This perspective also provides an overview and 

recognition of the trend of contributions to the literature and helps identify holes and 

frontiers to which researchers should pay attention. Third, we highlight some circumstances 

that are influenced by the challenge of IT. hopefully providing a guideline for further 

theoretical research in the IT and economics area. We also identify other components that 

might previously have been of concern but may no longer matter significantly to IT-driven 

industries. 

This paper is structured as follows. Section 2 presents the general model of regulation and 

innovation found in the literature and describes components of the model. In section 3. we 

redefine inconsistent terms regarding patent protection. From classification of the literature, 

we introduce models reported in the literature and the move on to describe each component 

of a general model: market structure, firm's choice, patent policy, and methodology. We 

also identify the trend in modeling by comparing research interests as they appear in the 



27 

early and late stages. Section 4 summarizes debates or discussions of'patent life and 

protection', 'appropriability and competition', 'novelty requirement', 'patent or secret/not', 

and 'software and business method patent'. Section 5 concludes our review and identifies 

future research possibilities. 

2. General Model of Regulation and Innovation 

A general model should consider the different and sometimes conflicting objectives of the 

social planner, firms and consumers. We describe the objectives of each agent in the 

domain of economic behavior. A social planner has two competing goals, rewarding 

innovation while still increasing market competition. Innovations should fuel economic 

growth and at the same time must be affordable for consumers. In an extreme case, where 

innovations are not protected at all. current social welfare can be maximized by an increase 

in market competition, but future welfare and economic growth, which depends on 

rewarding innovations, can be seriously damaged. On the contrar>'. if innovations were to 

be fully and forever protected, the inventor might hold monopoly power and consumers 

might be deprived of access to innovations. 

Firms make decisions to maximize their profits. Some firms invest in innovations. Others, 

given the protection policy and the cost structure of innovation, imitate or clone a rival's 

innovation. Upon deciding to innovate, a firm must decide on a type of innovation: process 

versus product innovation, continuous versus discontinuous innovation, or a combination 

of these that targets different market segments. It also must choose how much of its R&D 
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funds to invest and when to introduce the irmovation. When an innovation has been 

created, the company must decide whether to patent it or to keep secret any knowledge of 

it. Other decisions will have to be made regarding quality, details of design and 

manufacture, and prices compared with those of competing products. 

Consumers are utility ma.ximizers. Consumers seek high-quality products at prices they can 

afford, i.e. the optimization principle, on which much of economic theory is built (Varian 

1993). Typically, exceptions to this principle are not in the domain of economic behavior. 

The general model should include most of the market parameters considered in theoretical 

models. It is not surprising to find opposing theoretical predictions resulting from different 

market assumptions about such variables as number of firms in the market, imitation costs, 

type of innovation, and so forth. 

The general model is not restricted to a specific methodology but it does not include 

empirical/experimental validation. This survey does not undertake to include discussions of 

non-economic models in general or examples of the vast innovation literature e.xcept those 

viewed from a regulatory policy viewpoint. We search only economic models in the area of 

regulation and innovation. 

Game theory methodology is extensively used to analyze regulatory impacts upon a firm's 

strategy, given market parameters. Compared with conventional analyses, in which only 

one parameter is varied and everything else is held constant, game theory provides a richer 

explanation of (1) why individual firms choose an equilibrium strategy. (2) and how a 
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social planner should go about considering the incentives and rationality of individual 

firms in order to develop an effective policy to get the best results^. 

We have observed a general model emerging from the review after iterative modifications 

have been made. The general model describes a moderately broad structure of regulation 

and innovation as representing a principal-agent-type problem. The principal (a social 

planner) designs a contract (a patent system) with agents (firms) in order to ma.\imize a 

social surplus (consumer and producer surpluses) that fits the firms" profit maximizing 

strategies. Agents (firms) maximize their profits by making decisions regarding R&D. 

patent, and distribution considerations, given market parameters and a contract provided by 

the social planner. In mathematical form, the general model is described as 

A social planner designs a policy mechanism R* to maximize W(Y\{D',M &. R))^ 

subject to 

(1)/)* maximizes n(D; M &/?), 

(2) maxn(D;A/&/?)>no, 

where W: social welfare, R'. policy controls, Di firms' decisions. Mi market 

parameters, and fl: firm' profit, Flo: reservation profit. 

^ Reinganum (1984) notes, "Modern noncooperative game theory is a language of strategy and 
equilibrium: that is. it provides an equilibrium framework in which to examine individuals' 
strategic behavior." 
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That is. policy makers design their policy set R in order to maximize the social welfare 

W, knowing the profit maximizing decisions D made by firms under the market parameters 

A/and policy R. 

The general model leads us to classify current literature based on its major components. 

(Figure 1) We identify a firm's decision, market structure, policy controls, and 

methodologies as major components of the general model. Please note that we do not use 

consumer choice as a major component in classifying the literature since in most models 

consumers are simply modeled as utility maximizers. 

(a) Decision D: joint venture, research input, innovation completion time, royalty rate, 

entry or exit, patent or secret decision, imitation / duplication, pricing, court action, and so 

on. 

(b) Firm's Marliet Structure M: monopoly assumptions, innovation type, quality 

differentiation and licensing availability, innovation cost, and so on. 

(c) Patent Policy R: patent life, associated fee, assured profit flow. entr\' control, 

compulsory licensing, patent awarding criteria, protection against improvement and 

imitation, information revelation, subsidy, and so on. 

(d) Methodology: static / dynamic innovation, deterministic / stochastic innovation, game 

theory, single innovation / cumulative innovation, and so on. 
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Figure 2-1. Components of the general model 

Components of a General Model 

Market Parameters Methodology 

- t^umber of firms 

- Existence of patent-holder 

- Spillover 

- Imitation I Duplication cost 

-Winners-take-all 

- Process vs. Product innovation 

- Continuous vs. Discontinuous innovation 

-Vertical I Horizontal differentiation 

- Deterministic vs. Stochastic innovation 

- Game theory 

- Dynamic vs. Static Innovation 
I— Single vs Cumulative innovation 

Social Planner 

— Protection leading and lagging 

— Length of protection 

— First to file vs. First to invent 

— Compulsory licensing 

Firms 

— Joint venture 

— Investment amount / Size of Innovation 
— Ex post / ex ante licensing contract 

— Pncing 

— Introduction time 
— Patent or Seaet 

— Imitation / Duplication 

>- Taste / Prefsrence / Perception 

Consumers 

Ttieoretical Models 

Stakeholders 

3. Literature Review 

We classify theoretical models as stemming from Nordhaus's pioneering work (1969) and 

Scherer's interpretation (1972) of it. Their work on patent life initiated theoretical work on 

patent protection and innovation. Many researchers followed by considering different 

policy tools, analyzing ditTerent market regimes, adding mathematical complexities. The 

trend of theory literature actually reflects Jacquemin's observation (1987) on the features of 

new industrial organization, when he states: "Rather than looking forjjw model which 

permits simple generalizations that can he applied to most industries, ...it seems inevitable 



thai we must develop a whole range of models from which one model specific to the 

market under study can he selected." 

In this section, we tlrst clarify several terms confusingly used in the literature and then 

classif>' relevant articles. We discuss general models found in the literature and the trend of 

models and also examine assumptions of markets, decision variables of firms, applied 

public policy, and methodologies. 

3.1. Inconsistent Terms and New Definitions 

To begin with, we need to define several terms in order to eliminate possible confusion. 

(a) We define patent sconc as a profit flow during patent life as did Gallini (1992) . 

( b )  W e  d e f i n e  leading breadth as protection against improvement and lagging breadth 

as protection against imitation, following the definitions of O'Donoghue (1998)''. 

Terms in the box (Figure 2) are our definitions and the matching terms having the same 

meanings are listed following the definitions. 

** Gilbert and Shapiro (1990) used patent breadth to convey the same meaning. 

Scotchnier and Green (1990) used novelty requirement as meaning the same leading breadth, 
l-ater. they used patent breadth (Green and Scotchmer 1995) to represent the economic value of 
novelty and of not being obvious, i.e. synonymous with leading breadth. Dijk (1996) used 
different terms for leading and lagging breadth. He used height for minimum number of new 
product characteristics to be patented, i.e. leading breadth and breadth for the maximum number 
of product characteristics allowed to be imitated, i.e. lagging breadth. Klemperer (1990) used 
width as the level of spatial differentiation that will prevent infringement on the incumbent patent. 
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Figure 2-2. Patent protection terms used in literature 

— patent breadth 
used in Gilbert and Shapiro (1990) 

I— patent width 
similarly in Klemperer (1990) 

— novelty requirement 
used in Scotchmer and Green (1990) 

— patent breadth 
used in Green and Scotchmer (1995) 

— patent height 
used in Dijk (1996) 

— patent breadth 
used in Dijk (1996) 

— similarly patent width 

Define Leading Breadth 
as protection against improvements 

Define Lagging Breadth 
as protection against imitations 

Define Patent Scope 
as profit flow during the patent life 

in Klemperer (1990) 

We also can interpret width as lagging breadth in the ^ense that consumers pay more transport cost 
if the difference of the rival's and patented product is greater. 
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3.2. Previous Reviews of Theory 

Several reviews of theory of patent protection have been published, most of which classify 

the literature from a one-dimensional view. Examples are: a menu of patent policy 

(Ordover 1991). social function of patent system (Mazzoleni and Nelson 1998). and types 

of inventions (Jaffe 2000 and Gallini 2001). 

Ordover (1991) introduced possible menus of policies or a mixture of policies. The paper 

compared the U.S. patent system with that of Japan and discussed several concerns of 

licensing, cross-licensing, and research joint ventures. The work pointed out that a social 

planner must deal with a wide menu of policies to construct a patent system that involves 

intellectual property rights. 

Mazzoleni and Nelson (1998) classified theories according to such social functions of 

patents as: 

(1) motivation of useful inventions. 

(2) inducing development and commercialization of inventions. 

(3) inducing disclosure of inventions. 

(4) registering a prospective invention that may open up a broad range of follow-up 

inventions and enabling orderly development of such prospective inventions. 

Jaffe (2000) reviewed broad theoretical and empirical articles. He classified three types of 

inventions related to "patent scope or breadth." 
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(1) the patent scope of non-cumulative inventions is regarded as a trade off 

between static (short-term) market efficiency and dynamic (long-term) 

innovations. 

(2) cumulative inventions (base invention and application of it compete in the same 

market): The scope is the level of "leading breadth." i.e.. amount of improvement 

would result in an application that infringes the patent of the base invention. 

(3) research tools (the base invention does not have a direct market value and the 

invention can make a profit only if applications of it are developed): the key factor 

in this case is the amount of royalty the base inventor should receive. 

Regarding empirical e.xaminations of poh'cy changes. Jaffe reported that robust conclusions 

about the impact of patent policy changes upon technological innovation have been few. 

although there have been significant policy changes and detailed data are available. 

Similarly to Jaffe's review. Gallini (2001) classified theoretical papers into two categories: 

single innovation v. cumulative innovation. 

3.3. Classification of literature 

We tried to classify theoretical models in a unique way: we sorted the models according to 

the year of publication and four components in the general model (Table 1). We began with 

Nordhaus. published in 1969. and continued through Comelli and Schankerman in 1999. 
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Table 2-1. Theoretical Models 

Articles Policy Firm Market Methodology 

Nordhaus 
(1969)and 
Scherer 
(1972) 

Patent life Level of 
research input 

Royalty rate 

Process Innovation 

Patent holder collects royalty 

Licensing is available 

Linear demand function D(P) 
=  a - b P  

One shot innovation 

Loury (1979) Number of 
firms 

Investment in 
R&D 

Only a winner receives fixed 
revenue tlow. 

One shot innovation 

R&D completion time 
is exponentially 
distributed. 

Futia (1980) Legal 
restraints 
upon entry 

R&D input 

Entry or exit 

Process/Product Innovation 

Discontinuous Innovation 

Monopoly only for a period 
after the innovation. 

Dynamic and stochastic 
model using Markov 
process 

Multiple period 
innovations. 

Tandon 
(1982) 

Patent life 

Compulsory 
licensing 

Investment 
amount 

Royalty rate 

Process/Product Innovation 

Patent holder collects royalty 

Licensing is available 

Linear demand function D(P) 
=  a - b P  

One shot innovation 

Horstmann et 
al. (1985) 

Mandatory 
information 
revelation 

Patent or Secret 

Imitation 

Duplication 

Process/Product Innovation 

Coumot Competition 

Product innovation: P(0) = a 
- b01-cQ2 

Process innovation: P(0) = a 
- b 0- different marginal 
costs for imitation and 
duplication strategies 
(Process Innovation) 

Three stage game: 
Innovation. Patent, and 
Distribution 

One shot innovation 
where a patent holder 
exists 

Profitability of every 
strategy is stochastic. 

Harris and 
Vickers 
(1985) 

Welfare is not 
considered 

Investment in 
R&D 

Firms race to win fixed 
amount of prize 

Firms sequentially 
invest in R&D till they 
win the prize 

Isaac and 
Reynolds 
(1986. 1988) 

Number of 
Firms 

Reward from 
an innovation 

Investment 
amount 

The sole winner takes a 
reward. In case of tie, the 
number of succcssful 
innovators decreases the 
reward. 

Experiments 

Stationar>' probability 
of innovation success. 

Multiple period 
innovations 
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J. Beath et al. 
(1989) 

Subsidy Investment in 
R&D 

Fi.xed amount of profit fiow 
to a winner and a loser. 

Analogous setting with 
Loury (1979) 

One shot innovation 

R&D completion time 
is e.xponentially 
distributed. 

Klemperer 
(1990) 

Patent life 
and width'" 

Price Spatial Demand Function" One shot innovation 

Waterson 
(1990) 

width'" Patent or not. 
Rival's Entry. 
Court Action'" 

Spatial Differentiation'^ Extensive form game: 
patent or not. entry and 
location, court action. 

Gilbert and 
Shapiro 
(1990) 

Patent Life 
and scope 

Output Patent holder receives a 
monopoly profit fiow during 
the patent life. 

Given a patentee exists 
in the market, welfare is 
considered. 

Scotchmer 
and Green 
(1990) 

Leading 
breadth and 
Patent award 
rule (first to 
file and first 
to invent) 

First mover; 
Patent or Secret 

Second mover: 
Enter the 
market or not. 

Product innovation 

A winner takes all 

The size of market is one. 

Extensive form game 
where firm 1 moves 
first and firm 2 moves 
later. 

Stochastic innovation 
process is applied using 
the Poisson discovery 
process. One hit for 
small improvement two 
hits for big 
improvemeni. 

The model allows rivals to produce spatially difTerentiated products from patent holder's product 
variety. The spatial distance is vv and the transport cost is t. 

" Consumer utility is q - p - wt, i.e. (quality - price - distance * transport cost). If the rival has the 
same quality with the patent holder and charges zero price, then a customer at distance w compares 
purchase from patent holder if q - pi > =q - wt. Therefore, the demand of patent holder is H(p) = 
Total (p) * Fraction (t >= p/w). 

'' The width is represented 0 as If the incumbent does not patent. 0=0. Expected net benefit of court 
action is an aggregate of damage transfer and legal cost, both of which are function of 0. 

Court action means that patentee takes the rival to court over the patent infringement. 

Horizontal differentiation is used for the case that a product patent makes entry into the market 
by close substitute costly. 
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Gallini(1992) Patent life 
and Scope 

Innovator; 
patent or secret 

Rivals: 
imitation or 
invent around. 

Imitation is costly 

Patent holder receives a 
monopoly profit flow during 
the patent life 

One shot innovation. 

Subgame perfect 
equilibrium in multi
stage game: research, 
patent or not. imitation, 
and production 

Chang(1995) Scope 
including the 
price paid by 
consumers 
and allocation 
of resulting 
revenue. 

Product innovation: vertical 
differentiation with identical 
taste of consumers and 
Bertrand competition 

The size of market is one. 

Licensing ex post is available 

Two stage where firm I 
invests and then firm 2 
invests. 

One shot innovation in 
a sense that ideas occur 
e.xogenously in each 
stage 

Firm 1 knows the 
distributions of firm 2"s 
value and cost. 

Green and 
Scotchmer 
(1995) 

Leading 
Breadth 

Investment 
Decision 

Licensing ex 
ante and ex 
post'" 

Product innovation and 
vertical difTerentiation with 
identical taste of consumers 

A winner takes all 

Licensing ex ante and e\ 
post is available. 

Extensive form game 
where firm 1 invests 
and then firm 2 invests 
with ex ante and ex post 
licensing options. 

One shot innovation 
where ideas arrive 
exogenously. 

Firm 1 knows the 
distributions of firm 2"s 
value and cost 

Scotchmer 
(1996) 

Patentability 
of application 
products 

Basic Patentee 
can offer a 
contract to both 
finns 

Application 
developers 

Product Innovation 

A patentee of application 
wins fixed amount of profit. 

Licensing ex ante with base 
technology and ex post if the 
rival gets patent on the 

Firms bid to get the 
license of using base 
technology. 

The basic patent-holder 
ofTers a strategic form 
of contract lo 

Suppose there is no marginal cost. Firm 1 "s product value is vl. If firm 2 introduces an improved 
product whose value is vl + v2. then Bertrand price competition drives firm l"s price to zero and 
firm 2"s price to v2. 

When firm 2 got an idea but didn't invest, both firms may agree on an ex ante agreement. After 
firm 2 sunk cost and improved product infringes firm 1 's invention, both firms may agree on an ex 
post agreement. 
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decide to accept 
the contract or 
not. 

application 

Exogenous and Endogenous 
cases of investment amount 
are examined. 

application developers. 

Dijk(l996) Lagging and 
Leading 
Breadth 

Entry 

Improvement 

Pricing 

Product innovation 

Vertical differentiation with 
different taste of consumers 
uniformly distributed 

Three stage model and 
subgame perfection: 
entry, improvement, 
and pricing 

One-shot innovation 

ODonoghue 
et al. (1998) 

Lagging and 
Leading 
Breadth 

Investment in 
ideas that 
generates a 
quality gap 
against rivals. 

Vertical Differentiation with 
identical taste. 

Homogeneous consumer 
taste for the competitive 
market and heterogeneous 
consumer taste for oligopoly 
market 

Two-stage model where 
Firms innovate and 
compete in an output 
market. 

Infinite sequence of 
innovation where idea 
generation follows a 
Poisson process. 

Cornel li and 
Schankerman 
(1999) 

Patent life 
and 
associated 
Fees 

Price 

Firms decide 
the size of 
innovation by 
setting R&D 
input 

Product innovation 

Demand is the function of 
price conditional on the size 
of innovation. 

The size of innovation is an 
increasing function of R&D 
input and R&D productivity 

Two-stage model where 
firms set investment 
amount first and decide 
patent life later 

One shot innovation 

Deterministic and 
Stochastic R&D 
outcomes are 
considered. 

Simulation Analysis 

3.4. General Models in Literature 

The general model we proposed in section II explicitly appears in several articles in which 

government control and market structure were varied, but it was assumed in common that 

firms maximize their profit. Some articles did not have an explicit general model setting 

since they were more focused on a firm's strategy and market structure rather than welfare 

considerations. 
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Nordhaus (1969) set a model in which policy makers sought to maximize social welfare 

by controlling patent life on the assumption that a patentee will maximize its profit by 

choosing R&D spending. In Loury (1976). policy makers maximized social welfare by 

controlling patent life and entry tax subject to an innovating firm's maximizing its profit 

by R&D spending. Tandon (1982) set up social welfare maximization by controlling 

patent life and royalty rate, subject to a profit-maximizing firm's choosing the size of 

cost reduction by changing R&D spending. 

Klemperer's model (1990) dealt with the social cost minimization problem by controlling 

patent life and width subject to patentee reward as an increasing function of patent life 

and width. Gilbert and Shapiro (1990) examined a social welfare maximization problem by 

considering the reward to patentee as an increasing function of control by patent life and 

scope. Regarding the same maximization problem. Gallini (1992) incorporated costly 

imitation in the constraint such that social welfare maximization was subject to patentee 

profit flow being equal to imitation cost, thereby inhibiting imitation. 

Comelli and Schankerman (1999) provide a refined benchmarking of different information 

regimes related to firm productivity. They first set up a model such that government 

maximizes social welfare with regard to the patent life and the size of innovation, subject 

to a firm's profit maximization. An information asymmetry problem arises from the fact 

that the extent of innovation depends on the productivity of the firm and is known only to 

the firm. This leads to a differentiated policy model such that government maximizes social 
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welfare by controlling the patent life and fee schedule, subject to individual rationality 

and incentive-compatible constraints. 

As pointed out earlier, some articles do not have explicit welfare consideration. Horstmann 

et al. (1985) focused more the profit-maximizing patent decision of an innovating firm 

rather than welfare consideration. In Dijk (1996). firms maximize profits, given the leading 

patent breadth. The work does not consider welfare in its mathematical formulations but 

suggests that government can promote basic/applied R&D incentives by setting minimum 

payoffs, similarly to the work of Klemperer (1990) and of Gilbert and Shapiro (1990). 

3.5. Assumptions for the Market 

Many articles share such common assumptions concerning the market as types of 

innovation, consumer preference, monopoly, availability of licensing, etc. We present 

several groups of papers that share the same or similar assumptions. 

First assumption: a patent holder has a monopoly power. In the early models of 

Nordhaus (1969). Scherer (1972) and Tandon (1982). a firm that is successful in process 

innovation extracts the same amount of monopoly rent by driving out other firms as by 

licensing a patent to other firms. Loury (1979) assumed that a patent is a right to collect a 

certain amount of revenue, given the patent life, but this right is eliminated by rivalry 

arising at the expiration of the patent. Similarly. Harris and Vickers (1985) assigned 

different payoffs to an incumbent monopolist than to a challenger. In the more recent 

models of Gallini (1992). Chang (1995). Comelli and Schankerman (1999). an original 
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patent holder sells a product free from competition until the patent expires or rivals 

improve or imitate the product, driving the price of the original to zero. 

Second assumption: firms face vertically differentiated demand. Several articles 

assumed the taste of consumers to be homogenous in that all consumers would prefer high 

to low quality and large to small improvements (Chang 1995. Green and Scotchmer 1995. 

O'Donoghue et al. 1998'^). Consumers were assumed to demand one unit of a product and 

to maximize v - p where v is the value and p is the price of the invention. In the cumulative 

models of Chang (1995) and Green and Scotchmer (1995). a patented basic invention had 

the value of vl in the First period and a patented application had the value of vl+v2 in the 

second period. Identical consumers pay pi = vl in the first period and pay p2 = v2 in the 

second period. (See Figure 3) Deviating from the homogenous taste assumption. Dijk 

(1996)"' assumed different tastes on the part of consumers such that consumer preference 

over the improvement was uniformly distributed. Klemperer (1990)' ' added spatial 

Consumer preferences are q - p where q is the quality and p is the price. 

Indirect utility is mv - p if consumers buy and zero if not. v is the improvement and p is price, m 
indicates the intensity with which a consumer prefers improvements. 

Simplifying Klemperer's demand function assuming a consumer buys one unit, the consumer 
utility is q - p - tw where q is the quality , p is the price, t is the transport cost, w is a distance from 
the most preferred variety. 
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dirterentiation to the vertically differentiated demand; Waterson (1990) used a spatial 

differentiation model"". 

Figure 2-3. Demand with identical consumers 

Price 

vl=pl 

Price 

Monopoly Profit of 
Invention 

v2-vl= p2 

Quantity 

Consumer 
surplus 

The Profit of 
Application 

Quantity 

Third assumption: licensing agreements either ex-ante or ex-post, or both agreements 

are available. Models of cumulative innovations or research tools as classified by Jaffe 

(2000) have such assumptions. That is. an agreement problem, either e.\ ante or e.\ post, 

arises when an innovation improves an original innovation. The improvement may be a 

perfect substitute with higher quality than existing product (Chang 1995. Green and 

Scotchmer 1995): or an improved application that may create a market when the existing 

patent product no longer has market value but serves as a platform for the application 

(Scotchmer 1996). Laser technology versus laser surgery serves as an e.xample. If both the 
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original and the improved version get patents, the patents are complimentary and may 

block each other. The original cannot use the improved technology, but at the same time 

the improvement cannot be used without permission from the original patent holder. In 

order to avoid such a 'complimeniary hlocking'. firms may set up licensing contracts before 

or after introduction of an innovation. 

Fourth assumption: innovation increases either product quality (product innovation) or 

decreases marginal cost (process innovation), not both. Because a dichotomy view of 

process versus product innovation is simple to define, much literature in Economics shares 

it. Researchers have started from process innovation and then moved on to consider process 

and product innovation (Nordhaus 1969. Scherer 1972. Futia 1980. Tandon 1982. and 

Horstmann et al. 1985). Recent literature focuses only on product innovation, assuming 

product innovation can be easily converted to process innovation (Scotchmer and Green 

1990. Chang 1995. Green and Scotchmer 1995. Scotchmer 1996. Dijk 1996. O'Donoghue 

et al. 1998. Comelli and Schankerman 1999). Such literature assumes R&D efforts 

improve product quality and typically sets the constant marginal cost to zero for simplicity. 

(Comelli and Schankerman 1999. Dijk 1996. Klemperer 1990) The only cost, if any. is the 

investment cost for R&D (Chang 1995. O'Donoghue et al. 1998). Dijk (1996) assumes the 

improvement is just a function of time and does not even consider investment cost. For 

™ The work argues that patent system is not to create a monopoiy but limit the rival's variety 
choices. The work uses a one dimensional line of finite length 2x. where customers are unifomily 
distributed. 
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more discussion of iiovv innovation type may be related to product lite cycle and 

technological cycle, readers may consult Klepper (1996) and Tushman (1997). 

Figure 2-4. Dichotomy view of R&D: process vs. product Innovation 

Reduced Cost 

Increased Quality 

R & D  Pricing 

Cost Structure 

Product Quality 

3.6. Firm's Choice 

Given the market environment, firms may act as innovators or imitators. An innovating 

firm decides what types of innovation to invest in and chooses R&D investment amount 

and introduction time. After the innovation, the firm decides whether to patent the 

innovation, sets the qualities of products, and competes in prices when they market their 

products. 

3.6.1. Optimal Royalty 

Nordhaus (1969) and Tandon (1982) suggest simplified models in which the price of a 

product is not affected by innovations and regulations. In this case, the patent holder simply 

decides an optimal royalty rate to collect from other firms that license the innovation. If the 

innovation type maximizes cost reduction, the patent holder collects the exact difference 

between current and new marginal costs. 
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3.6.2. Pricing 

Different from Nordhaus (1969) and Tandon (1982) for whom price is not affected by 

innovation and regulation. Klemperer (1990) and Waterson (1990) present a model in 

which the patent holder sets a price with regard to a spatial demand function. Gilbert and 

Shapiro (1990) follow Klemperer (1990) without considering spatial differentiation but 

allow the firm to choose prices as a function of output. In the Comelli and Schankerman 

model (1999). firms face a demand as a function of price, conditional on the size of 

innovation. Dijk (1996) used a multistage game in which firms explicitly set prices in the 

final stage after they have entered the market and improved the quality of the product. 

3.6.3. Patent or Secrecy, Imitation or Inventing Around 

In order to protect innovations, innovating firms either secure a patent or keep the model 

innovation secret. Rivals also have a choice: (1) not to participate. (2) to imitate. (3) to 

invent around, or (4) to duplicate, if possible, etc. There are sharp contrasts in the literature 

on imitation. Nordhaus (1969) and Scherer (1972) assumed imitation to be so costly as 

never to threaten to the patentee, while Tandon (1982). Gilbert and Shapiro (1990) and 

Klemperer (1990) assumed imitation to be costless and always a threat to the patentee. 

In analyzing the choice between patents and secrecy. Horstmann et al. (1985) proposed that 

an innovator should patent only some fraction of its innovation, assuming that the patentee 

has better information on actual profitability of the innovation than rivals. Gallini (1992) 

presented a model in which an innovating firm can patent or keep secret and rivals can 

invent around or imitate, incurring some cost, reaching a conclusion that the optimal policy 
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is a broad patent with a patent life adjusted to the desired reward. Waterson (1990) set up 

a model incorporating a patent-or-not choice and court action. In his model, if an innovator 

first decides to patent or not and a rival then decides to enter the market, the innovator later 

can decide whether to bring the rival into court to protect his patent. 

Arora (1997) points out that the nature of knowledge is an important factor affecting a 

tradeoff Well-articulated knowledge is easy to codify, so it can lead to stronger and better-

defined patents. On the other hand, knowledge based on inductive and empirical 

procedures leads to narrow patent claims. A logical strategy would be to patent the 

articulated aspects of technology and keep other aspects secret. Firms may combine 

patenting with secrecy to deter potential rivals" entrance. Firms also can patent an 

individual component of a system but keep secret its precise composition of an essential 

component of the final product. In such a case, potential rivals would have to undertake 

costly experimentation to discover the actual composition. 

3.7. Patent Policy 

Policy makers have two competing goals: increasing market competition to maximize 

social surplus and encouraging development of innovations. In order to achieve these goals, 

they can use a menu of policy measures such as patent life and fees, novelty and 

requirements, licensing, disclosure of knowledge, and so on. 
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3.7.1. Length and Fees 

To conform to the GATT agreement in 1993"'. the length of a utility and plant patent is up 

to 20 years and that of a design patent is up to 14 years from the date of application. The 

pioneering research of Nordhaus (1969) and Scherer (1972) analyzed length-of-patent 

extensively. In order to hold a patent for the statutory life, patent holders have to pay filing, 

issue, maintenance, and other fees related to their patents. Typically, more than half of all 

patents are voluntarily canceled by nonpayment of fees within ten years of the date of 

patent application (Comelli and Schankerman 1999). 

3.7.2. Novelty and Unobviousness 

Novelty"' and unobviousness"^ are two disciplinary requirements for examiners to give a 

patent to the invention. Novelty means that the invention has not previously existed and 

GATT agreement on Trade-Related Aspects of Intellectual Property are summarized as following 
(Jaffe 2000): 

1. All commercially important technologies, including process patents and drugs not accepted as a 
patentable subject matter in some countries, are patentable. 

2. Patents must be granted for 20 years 

3. Patent applications must be tested for non-obviousness and utility as in the U.S. patent systems. 

4. Patent holders must have the right to prohibit the importation of infringed products. 

5. Limitations are placed on the case of compulsory licensing ordered by governments. 
Compulsory licensing can be required in the U.S. only in very special circumstances. 

" Any of three novelty types will satisfy the novelty requirement (Section 102). (I) Any physical 
difference will satisfy the requirement (2) An invention combining two or more prior-art references 
can be patented. In other words, an invention consists of entirely old components existing in a 



49 

unobviousness means that the invention must be a significant improvement over current 

technology. These requirements determine how broad the claim of a patent can be and how 

different a subsequent innovation must be without constituting infringement (Scotchmer 

and Green 1990)"''. If novelty and unobviousness requirements (hereinafter. NUR) are 

"weak", smaller improvements can be patented not infringing on incumbent patents. If the 

requirement is "strong", the more advanced technology can be patented without infringing 

on current patents. 

In the economics h'terature. NUR is often called leading breadth or protection from slight 

improvements. Protection from imitation is called lagging breadth. However, we propose 

that another dimension of NUR should be taken into account. If rivals imitate or duplicate 

currently patented technology in order to serve different markets"", that action may also 

single prior-art reference cannot be patented (3) A new use of old item of hardware or old process 
will satisfy the requirement. 

Obviousness is a difficult term to define that most attorneys, patent examiners, and judges cannot 
agree on. One influential court said that unobviousness is manifested if the invention produce 
"unusual and surprising results".(D. Pressman 2000) U.S. Supreme Court decreed that an invention 
should be novel to be considered for unobviousness and that some factors such as the commercial 
success, long-felt but unsolved need, and failure of others should be considered for unobviousness. 

To evaluate if the invention is patentable, a two-step process is used. First detemiine what 
novelty the invention has over the closest prior-art reference. Novelty can be a new physical 
feature, a new combination of two separate old features, or a new use of an old feature. Second, 
determine if the novelty produces any new and une.xpected results or otherwise indicates 
unobviousness. (D. Pressman 2000) Novelty, in general, is a sufficient condition for unobviousness. 
In other words, if an invention is unobvious. it must be novel. However the law makes a decision 
based on two steps(Section 102 and 103) 

If the rival uses the same technology to serve different markets, it does not violate novelty 
requirement but may violate unobviousness. 
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infringe the patent in an existing maricet. Examples are applying the existing auction 

mechanism for online airline ticket purchase to tlower deliver\' markets or applying laser 

technology to the eye surgery market with minor technological improvement. In these 

cases, the novelty requirement is satisfied because the use is a new. but unobviousness is 

applicable because the differences are insubstantial. 

Figure 2-5. Dimensions of patent protection 

l.agging Breadth Leading Breadth 

< •U ^ 

Patented Technology 

Noveltv 

Unobv iousness 

A new application of 
existing patent with no 
technology improvement 

A new application of 
existing patent with 
improved technology 

I'eehnology Progress in an 

livisting Market 

Technology Progress in a 

New Market 

3.7.3. Licensing: cx ante, ex post, and compulsory 

If a firm invents an improved application of an existing patent of another firm, the two 

firms may hold "complementary blocking patents." That is. the original patent holder as 

well as the application patent holder cannot use their patents without a license from the 

other. In such case, Merges (1992) and Merges and Nelson (1992) suggested that courts 
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should decline to find infringement when the value of the original invention is small 

relative to the value of improvements. 

Green and Scotchmer (1995) examined both the difficulty of ex ante licensing agreements 

between firms and the implications of such agreements for optimal patent policy. Chang 

(1995) addressed optimal policy in the absence of an ex ante license considering the 

benefits of an original invention and an application of that invention. 

Regulators can make the licensing of the patent compulsory. For example, radio stations 

can broadcast songs without permission if they pay royalties. Regulators can set the amount 

of that must be paid to patent holders by licensees. Tandon (1982) argued that compulsory 

licensing of patents could serve to reduce the deadweight loss from the patent monopoly. 

3.7.4. Entr\- and the number of firms 

Futia (1980) proposed that, in the long run. implicit or explicit regulatory restraints upon 

entry determine both the number of firms and the innovation probability. Loury (1979) 

examined the socially optimal number of firms and found that an increased number of 

firms decreased the equilibrium level of firm investment and reduced the expected industry 

introduction date. Isaac and Reynolds (1988) experimentally validated that the larger the 

number of firms, the smaller the investment by each firm. 

3.7.5. First to File versus First to Invent 

Scotchmer and Green (1990) compared the welfare of "first-to-file" and "first-to-invent." 

Most countries grant patents to first filers; the United States and Canada grant patents to 
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first inventors. The first-to-file system encourages disclosure but attracts rivals to remain 

in the race in a narrow-leading-breadth regime, which is not optimal in terms oF social 

welfare. Rivals would drop out in the first-to-invent regime because the inventor, given 

narrow leading breadth, would not patent the innovation. In a similar context. Ordover 

(1991) pointed out that being first-to-file may push inventors to file as quickly as possible, 

even though the patent applications are incomplete. 

3.8. Methodologies 

A multiple stage game is broadly applied, regardless of innovation type: one-shot 

innovation or cumulative innovations. One-shot innovation refers to a situation in which 

no previous innovation has been patented whereas cumulative innovations refers to a case 

in which there exists a basic innovation has been patented and rivals have built applications 

based on the basic innovation. 

One-shot innovation is commonly used in the patent length and breadth literature because 

it is simple to work with multi-stage model. (Tandon 1982, Horstmann et al. 1985. Gilbert 

and Shapiro 1990. Klemperer 1990. Waterson 1990. Gallini 1992. Dijk 1996. Comelli and 

Schankerman 1999) The stochastic R«feD process is used in O'Donoghue et al. (1998) and 

briefly discussed in Comelli and Schankerman (1999). 

Cumulative Innovation is used for the case where rivals develop second generation 

products more valuable commercially or functionally than the first generation patent. 

Effectiveness of licensing prior or posterior the innovation and patent protection is the issue 
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of literature (Scotchmer 1991. Chang 1995. Green and Scotchmer 1995. and Scotchmer 

1996). 

J.9. Trend of Models 

Theoretical models range from simple generali^ations to a set of models that differentiate 

regulatory controls, market assumptions, and a firm's choices. Table 2 summarizes the 

trend. 

3.9.1. Regulatory Control 

The early literature e.xamined patent life, the number of firms, and compulsory licensing 

and the later literature has moved to look into scope, breadth, fee. and the patentahility of 

improved application. 

3.9.2. Firm's Choice 

R&D investment amount and imitation are shared interests throughout the literature. 

Early literature focused on the entry or exit decision and royalty rate; recent literature has 

focused on the patent or secret decision, distribution, and licensing. 

3.9.3. Market Assumptions 

Much of the literature assumes a market in which tlrms compete to win a lump sum amount 

of profit from an innovation. Assumptions such as linear demand function and process 

innovation that seemed simple in early literature models, have become complicated to deal 

with complex demand functions, product innovation, imitation, and licensing ex-ante 

or ex-post. 
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3.9.4. Methodology 

Methodologically, recent literature starts to include market competition, using multi-stage 

games. Most literature applies one-shot innovation to set up a model. Deterministic and 

stochastic innovations are also pervasively explored. 

Table 2-2. The Trend of Theoretical models 

Earlv Later Common 

Policy maker's 
control 

Patent Life 

Number of firms 

Compulsory Licensing 

Width 
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Breadth 
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Patentability of 
Application 
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Distribution (Pricing or 
Output amount) 

Licensing 

R&D input 
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(Market 
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Process Innovation 

Linear Demand 
Function 

Product innovation 

Spatial and horizontal 
demand function 

Costly imitation 

Licensing ex ante and ex 
post 

Firms race to win fixed 
amount of prize 

Methodologies 
used 

Single stage 
competition 

Multiple stage competition One shot innovation 

Deterministic or 
stochastic innovation 
process 
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4. Discussions of Patent Policy 

4.1. Patent Life and Protection 

Numerous researchers have looked into how patent life has affected social welfare and 

innovation and how it interacts with patent protection, fees, compulsory licensing, and the 

like. Nordhaus (1969) and Sherer (1972) examined the impact ofpatent life on innovation; 

and suggested that if a social planner were to shorten the patent life, inventions unlikely to 

affect social welfare significantly will be lost. Tandon (1980) looked into the effectiveness 

of compulsory licensing and suggested that, if innovations are subject to compulsorv 

licensing, optimal patent life is infinite, regardless of process or product innovation. 

Klemperer (1990) suggested that narrow protection and long patent life should be optimal 

when buyers have similar preferences among innovations. For example, when consumers 

prefer ease of use in computer software, a social planner would favor enforcing a long 

patent life with narrow protection. Unless consumers have similar preferences. Klemperer 

proposed that a broad protection and finite life should be optimal. For example, a social 

planner would choose broad protection and a finite life for a dmg that has varying side 

effects in different patients. Gilbert and Shapiro (1990) supported infinite patent life with 

restrictive patent protection since patent scope is increasingly costly in terms of social 

welfare and limited patent scope leads to infinite patent life. Gallini (1992) argued that 

optimal policy would be for short patent life and broad protection when imitation is costly. 

She also proposed that rivals are more likely "invent around" the patent-holder's 

innovation if patent life is extended. 
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Green and Scotchmer (1995) proposed that longer patent life will be optimal when 

different firms, rather iust one, undertake cumulative innovations. A patent holder's profit 

erosion caused by an application developer can be mitigated by broader patent protection or 

allowing licensing agreements ex-ante and ex-post. In a similar model of cumulative 

innovations. Chang (1995) argued that the courts should provide broad protection to two 

extreme values of original innovation, i.e. innovation with little value and innovation with 

high value to follow up applications. 

O'Donoghue et al. (1998) argued that infinite patent life but finite leading breadth would be 

superior to finite patent life but infinite leading breadth in reducing R&D costs but inferior 

in improving the diffusion of new products. They propose that leading breadth should be 

granted when there is an exogenous force toward rapid turnover in the market. 

In contrast to most articles that have focused on the optimal uniform patent life and 

protection. Comelli and Schankerman (1999) argued that providing differentiated patent 

life to difl'erent R&D oroductivitv mav improve welfare. In order to implement this, they 

have suggested an incentive compatible menu of patent lives and associated fees. 
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Table 2-3. Discussions on optimal patent life and protection 

Articles Optimal Policy (Patent Life, Protection) 

Gilbert and Shapiro (1990). 
Tandon (1980) 

(Long. Narrow) 

Klemperer (1990) (Long. Narrow) if consumers have similar 
preferences. 

(Short, Broad) otherwise. 

Gallini (1992) (Short, Broad) if imitation is costly. 

O'Donoghue et al. (1998) (Long, Narrow) reduces R&D cost. 

(Short. Broad) improves the diffusions of new 
products. 

Comelli and Schankerman (1999) Differentiated patent life for different R&D 
productivities. 

4.2. Appropriability and Competition 

In a restrictive model without patent protection and immediate imitation. Kamien and 

Schwartz (1974) maintained that rivalry diminishes expected R&D spending and invention 

size. Loury (1979) proposed that more competition should reduce investment incentives in 

equilibrium. Isaac and Reynolds (1986, 1988) validated these predictions in the laborator\ 

and found that (a) the degree of appropriability is positively related to R&D investment, (b) 

more competition diminishes individual investment but increases aggregate investment. 

Futia (1980) maintained that exogenous barriers to entry and innovative opportunities 

should determine industry concentration and technology innovation pace endogenously. 
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4.3. Patent Protection 

Dijk (1996) argues that low patent protection does not change the equilibrium without 

patent protection and that a patent holder can lose in the medium protection regime. In 

other words, rivals are better otTin the medium protection regime. Scotchmer (1996) 

argued that incentives to develop basic technologies would be greater if applications were 

not patentable. 

4.4. Patent or Secret/Not 

Horstmann et al. (1985) argued that an innovating firm would patent only some fraction of 

its innovations when there is asymmetric information about the profitability of an 

innovation: the innovating tlrm knows the actual profitability but rivals know only the 

distribution of it. L.oosening the assumption made by Horstmann et al. (1985) that patenting 

provides exact coverage. Waterson (1990) assumed that patent system provides limited and 

ine.xact coverage"'' for the innovation. He pointed out that in some circumstance, the patent 

system might prevent an entry; so the system encourages firms and returns higher social 

surplus. 

Waterson used a spatial differentiation of the product. So the coverage in his model means the 

patent width defined and used by Klemperer(19<)0). 
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4.5. Software Patent and Business Methods 

According to Samuelson (1989). USPTO was hostile to software patenting from the 1960s 

and 1970s. The U.S. Supreme Court allowed software patents in 1981 and since 1998 even 

software-enabled services have been subjects to patenting. We summarize arguments for 

and against software patenting of software or business methods from several sources (Jaffe 

2000. O'Reilly 2000: Stratton and Tetrault 1994). 

(1) Examining software patents requires specific skills and therefore might increase 

fees. Even skilled examiners may unable to identify previous use of an invention 

because software is often a "black box to some extent" and source code listings are 

not required in most cases. 

(2) Patented software patent cannot transfer knowledge to the public. Because software 

is often "black box" and source code is not required to be listed, the public is not 

able to regenerate an invention 

(3) Each software component may need a separate patent (not a unique problem to 

software industry but a general problem of systematic products). Any software that 

has many components may require application for many patents or license 

agreements for components that are to be marketed. 

(4) Multiple licenses may be advantageous to a large company with large patent 

portfolios because it is easy to cross-license software components. Small-and-

medium-size companies lack sufficient economy of scale to produce software 
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components and may depend more on the patent system because they have few 

alternatives"^. 

(5) Patents on base software expands software may result in broad monopoly power. A 

small piece of patented software may dominate a disproportionately large market. 

(6) Rapid advance of technologies may draw on many obvious patents associated with 

the same old idea, with the result that companies file patent applications for obvious 

techniques or ideas, not because of having invented them but by virtue of being the 

first to file. They argue that a patent should be invalid if a substantial new question 

of patentability has been raised. 

(7) ft may be better not having a software patent system. Companies may either e.xploit 

the software patent system or patent defensively to guard their own inventions. 

Either strategy may become discouraging innovation rather than encouraging it. 

Researchers have not yet taken into full consideration the ramifications of software 

patenting. 

5. Conclusion 

Motivated by current interest in dealing in intellectual property rights, especially those 

involving information technology products, we surveyed the literature dealing with the 

• Stac V.  Microsoft case is a good example how the patent system can be a strategic weapon for 
small companies. Stac, a tiny firm in Califomia. filed a suit against Microsoft in 1993 for infringing 
its "Data Compression Apparatus And Method" patent. The Court ordered Microsoft to pay $120 
million to Stac in 1994. 
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economic theor>' of patent protection. Based upon that surv ey, we are proposing a 

general model of patent protection that can be applied to most existing theories and may be 

recombined to solve several problems of interest. After classifying this literature and 

clarifying inconsistent terms, we discussed the trend of theoretical interests and areas of 

earlier research. In order to construct more reasonable and persuasive theoretical models, 

we argue that researchers should 

{1) consider that firms have many strategic choices or mi.xtures of appropriate 

combinations of innovations. 

(2) examine different combinations of menu components rather than focusing on well-

explored policies. 

(3) revise market assumptions to be more realistic. 

(4) attempt to capture the complexity of policy-strategy assumptions by applying a variety 

of such methodologies as experiments, simulations, learning algorithms, and so forth. 

This work should help future researchers identify questions that previously have been 

unexplored and examine patent policies in the area of information systems and economics. 

In future research, we will attempt further to pursue three directions emanating from this 

work; 

(1) conduct a review of literature presenting empirical evidence that validate or vitiate 

theoretical findings. 

(2) conduct a survey/case study/literature-review demonstrating different uses of patents in 

specific industries such as pharmaceutics, chemicals, software, and so forth. 



(3) set up a theoretical model to analyze the impact of intellectual property rights upon 

such fields as software patent. Internet business methods, and the like. 
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Chapter 3: Connection Quality and the Pricing of 

Internet Services: An Economic Model of Duopoly 

Competition 

1. Introduction 

Recent growth in consumer demand for Internet access and on-line services in the United 

States has been explosive. According to The Stralegis Group approximately 101 million 

adult Americans were using the internet at the end of 1999. up from 65 million in mid-1998 

and 84 million at the end of 1998 (Cyberatlas 1999). This number continues to grow. In 

fact, with such rapid growth in the number of Internet users in the U.S. the Yankee Group 

estimated that between 1999 and 2004 the online services market would grow at a 

compounded annual rate of 21%. It was also estimated that households would spend more 

than $56 billion on Internet access and on-line services during this period (Fusco 2001). 

America Online (AOL) is by far the largest Internet Services Provider (ISP) with 22.7 

million paid subscribers in the U.S. in the first quarter of 2001"'^ (Fusco 2001). The next 

largest paid ISPs based on the number of active subscribers are Microsoft's MSN Internet 

(5 0 million). Earthlink (4.8m), Prodigy Communications (3.1m). CompuServe (3.0m). 

In addition, in the year ending in June of 2000. AGL's U.S. subscriber base grew by 22.9% 
(Gilbert September 2000). 
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Gateway.net (1.7m). AT&T WorldNet (1.3 million), and NetZero + Juno Online (1 .Om) 

(Fusco 2001). Competition among these providers to attract and retain subscribers, 

especially new or first-time users of Internet services, is aggressive (Gilbert August 2000 

and September 2000). AOL Chief Executive Steve Case has acknowledged that in order to 

maintain its position at the top of the online services market AOL must continue to attract 

new users; he believes that AOL must target the large number "of people out there who are 

not subscribers" (Richards 1999). In addition. Emily Meehan. an analyst in the Yankee 

Group's Internet Market Strategies practice area, has said that "Any company serious about 

obtaining double-digit market share must focus on the newhie marker, [those] households 

that have yet to get online." (Fusco 1999) 

ISP strategies designed to attract subscribers must address the factors that consumers 

consider most important when choosing an ISP. Several studies suggest that subscribers 

base their choice of ISP primarily on the price, connection quality, content, and technical 

support services offered by providers (Corbit 2000. Warner 1998. Woods 1998). In fact. 

PC Magazine surveyed thousands of its readers in 1999 to gauge customer satisfaction with 

their ISP (Miller 1999). Respondents rated the following criteria as most important - the 

percentage of respondents identifying the listed criteria as "important" is provided in 

parentheses: price (40%). connection quality [i.e.. speed of access (33%), available local 

access numbers (29%) and reputation (26%)]. content (9%) and range of services (10%). 

In addition. Telechoice and Inter(^active administered an ISP Customer Satisfaction 

Survey to over 1000 businesses in 1998. In this survey, respondents rated price and 
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connection quality (i.e.. connection availabilily, necworkperformance. netw ork capacity. 

and reputation for speed of diagnosis and repair) as the most important criteria in 

evaluating an ISP. 

In summary, these surveys indicate that the three factors influencing consumers" choice of 

ISP are (1) the price of access to the services. (2) the connection quality of the network, and 

(2) the content offered by the ISPs. Despite their importance, research examining these 

factors in this context has received little attention in the IT and economics literatures. 

Therefore, in this paper we attempt to provide some initial insights into the relationship 

among investment and pricing decisions made by ISPs, consumer demand for services, and 

profits earned by ISPs. More specifically, we develop a two-stage economic model to 

examine the equilibrium investments in connection quality and pricing of services for firms 

competing in a duopoly market for Internet services. Section 2 provides more problem 

background and discusses the importance of these decisions in the Internet services market. 

Section 3 identifies the specific research questions to be examined. Section 4 introduces 

the model. Section 5 presents the results. Finally. Section 6 concludes the paper and 

identifies areas of future research. 
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2. Problem Background 

2.1 Connection Quality 

An ISP's ability to attract subsciibers depends on the connection quality provided by the 

firm's netu'ork infrastructure. A network's connection quality may be measured along 

several dimensions including (Dutta-Roy 2000): 

• Availability (e.g.. call failure rate or the number of busy signals subscribers 

encounter when attempting to establish a network connection, the number of 

service interruptions, and the amount of network downtime) 

• Speed (e.g.. speed of attaining an Internet connection, download speed of 

web pages, and download speed of content such as document files, video 

clips, and audio clips) 

• Reliability or Packet Loss Rate"*^ (e.g.. the amount of data, such as an email. 

lost or garbled during transmission) 

The Internet uses a technology called packet-switching. The term packets (or frames, or cells) 
refers to the fact that data stream from a computer is broken up into packets of about 200 bytes (on 
average), which are then sent out onto the network. This technology is connectionless, meaning 
there is no end-to-end setup for a session; each packet is independently routed to its destination. 
With current technology, packets are generally accepted onto the network on a first-come/first-
served basis. Routers are devices or software in a computer that determine the next network point 
to which a packet should be for\varded towards its destination. When traffic is heavy, the only way 
the Internet can handle the congestion is either by delaying traffic or by dropping (or discarding) 
packets so that some information must be resent by the originating software (Noqueira and 
Cavalcanti). 
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The connection quality depends heavily upon the ISP's investments in network 

infrastructure. For e.Kample: 

• Network Bandwidth determines the information carr>'ing capacity of the 

network channel and the amount of time it takes a web page to fully load. 

• Switching Capacitv of Routers affects the reliability of the connection or the 

amount of packet loss during transmissions. 

• Server Performance and the Number of Modems^" affect the availability and 

speed of the Internet connection. 

Investments in these infrastructure components typically lead to improvements in 

connection quality and ultimately to higher user satisfaction. For example, users desire 

broader network bandwidth (i.e.. broadband network access currently enabled by digital 

subscriber lines (DSL) and cable-modems) to meet their growing needs, including support 

for more dynamic web page usage, richer on-line multimedia e.xperiences. and faster file 

downloading and messaging (Nee 1999 and Odlyzko 1998). In addition, investments in 

high-end routers may increase switching capacity and increase the amount of data (e.g.. 

email) that arrives at its destination intact (Duffy 2000). 

For example, when AOL switched to flat rate pricing in 1996 it experienced an enormous influx 
of subscribers in a short period of time. As a result. AOL's network became unavailable to many 
subscribers who encountered busy signals when attempting to make a connection. In response. 
AOL invested in more modems to accommodate the demand. 
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These investments are usually considered fixed, long-term investments because it is 

technically difficult and expensive to increase or modify capacity in the short-term. Once a 

network bandwidth type, such as a 56K telephone line based service, has been adopted by 

an ISP significant investments must be made to change to a higher bandwidth type such as 

DSL or cable. In general, these investments account for most of the costs of providing 

Internet services since the incremental cost of sending additional packets is essentially zero 

if the network is not saturated. 

However, the costs of these infrastructure components (e.g.. broader network bandwidth, 

high-end routers, and disk and CPU capacity of servers) have decreased dramatically over 

recent years. For example, prices for DSL service, a form of high-speed connection, are 

declining due in part to competition from cable-modem services. The aggressive launch of 

cable-modem services, which like DSL offers speeds up to 100 times faster than 

conventional dial-up service, has forced DSL providers to lower prices. However, the 

impact of declining technology costs on the inve.stment decisions made by ISPs and the 

prices charged to subscribers is unclear and has received little attention in the IT literature. 

The model presented in Section 5 attempts to provide insights into these impacts. 

2.2. Pricing of Internet Services 

Flat rate pricing refers to a pricing strategy in which an ISP charges subscribers a fixed 

(typically monthly) fee for unlimited access to its Internet services. This has been a 

common pricing strategy among ISPs in the U.S. since 1996 when AOL adopted the 
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strategy (Rafter 1999. Swisher 1999). The standard flat-rate price for dial-up service is 

around $20/month (Gallanis 2000)^'. The revenues from these subscription fees help ISPs 

recover the fixed costs associated with network infrastructure investments discussed above. 

2.3.Content 

Content refers to the range of services available to subscribers through an ISP. All ISPs 

provide services such as web access and basic email: however, beyond this there is a range 

of differentiated services available across ISPs. For example. ISPs differ in the type of 

advanced email features available to subscribers; some allow subscribers to set up rules for 

the automatic sorting of email on arrival or allow them to handle messages in groups while 

other ISPs provide a different set of advances features. ISPs also differentiate among 

services such as chat rooms, discussion forums, web hosting, trademark searches, filtering 

tools, newsgroups, message boards, targeted advertising, and entertainment. 

ISPs attempt to provide better, differentiated content to their subscribers to increase ser\'ice 

stickiness. Stickiness refers to the ability of an ISP to attract and keep subscribers (i.e.. 

they sign up for services and do not switch to another provider). AOL has expanded its 

service offerings over the past years for this purpose by offering services such as discount 

long distance plans, free Bloomberg financial news, customized stock portfolios, buddy 

' The popularitj' and sustainability of low-priced brand altematives and free services that are 
typically supported by advertising dollars is presently unclear. In our model we do not account for 
these strategies. However, this may be an interesting area of future research. 
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lists, and of course chat and email for its users. In addition. AT&T has plans to provide 

audio chat sessions for its subscribers. ISPs hope that these services become the velcro that 

will help attract and retain subscribers. As the market for Internet services grows, it 

appears that alliances and partnerships (e.g.. between telecommunications companies and 

content providers) are forming that emphasize content that builds brand-image (i.e.. AOl, 

and Time Warner) (Warner 1998). 

3. Research Questions 

The choice of ISP is an important decision for consumers. Therefore. ISPs attempting to 

attract and retain subscribers and to improve profits must provide consumers with high 

quality content at the right price in a timely and reliable manner with good customer 

support. In the following section we develop an economic model that attempts to 

incorporate these variables but that focuses attention on examining how ISPs determine the 

level of investment in connection-quality and the llat-rate price charged for the resulting 

Internet services. As we will see. these decisions involve complex trade-offs. More 

specifically, we will examine the equilibrium investment and pricing decisions using a two-

stage model of duopoly competition for firms competing in an Internet services market. 

This model will help identity 

(1) the connection quality and price set by each ISP. 

(2) the profit-maximizing response of an ISP to a change in connection quality or price set 

by its rival. 
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(3) the impact of cost reductions in network technologies on ISPs' decisions. 

(4) and the impact of increased consumer sensitivity to connection quality on ISPs" 

decisions. 

Although these questions are important to answer for ISP managers and decision-makers, 

research on investment and pricing decisions in this context has received little attention in 

the IT and economics literatures. 

4. The Model 

We consider a two-stage model of duopoly competition in a market in which each firm 

provides consumers with unlimited access to Internet services at a fiat-rate price. In the first 

stage, firms 1 and 2 simultaneously choose a level of investment in connection quality 

(e.g.. the network bandwidth, routers, and server capacity that enable and support their 

service offerings). In the second stage, upon observing the connection quality of its 

competitor, the firms simultaneously set a flat-rate price for Internet access. As we will see 

later, the degree of differentiation in each firm's Internet services (e.g.. personalized 

content, customized user interfaces, specialized chat rooms, etc) is represented by 

parameters in the demand functions. 

The competition between ISPs is analyzed by solving for the subgame perfect equilibrium 

of the two-stage game (D'Aspremont and Jacquemin 1988). After determining equilibrium 

investments and prices we will use comparative static analysis to investigate the impact of 

the model parameters on the equilibrium decisions. 
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To model, as we do. competition between ISPs as a game of complete information (i.e.. 

each firm knows its own and its rival's payoff function), we assume that each firm observes 

its rival's investments in connection quality prior to pricing its own service. This 

assumption seems reasonable since: 

• The technology investment options available for providing access to Internet 

services are standardized, and the costs of technical support and software 

development are publicly available. This implies that firms can estimate each 

other's profit functions. 

• ISPs" investment decisions are generally made public to attract investors in the 

stock market. In addition, market intermediaries typically provide investment 

information at a low cost. 

We now formally describe the game, beginning with the second stage [see Figure 1 for a 

graphical depiction of the game]. If. at the first stage. Firm 1 chose connection quality 

and Firm 2 chose connection quality ki, then the demand for Firm 1 's Internet service at the 

second stage is given by 

=«-/?,+ hp^ + ~ • 

with demand for Firm 2 (symmetrically) given by 

Q 2 = O -  p ^ • > r h p ^ + k ,  -  c k y . 
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where a represents the size of the market, h measures the sensitivity of demand to the 

competitor's price, c represents the sensitivity of demand to the competitor's connection 

quality, and where p\ and pi are the flat-rate prices of Firm 1 and Firm 2. 

Figure 3-1. Two-stage model of duopoly competition 

stage 1 

Investment in 
Firm 1 Connection 

Quality (ki) 

Investment in 
Firm 2 Connection 

Quality (IQ) 

stage 2 

Set Price (pi) 

Firms observe each 
other's investment 

Set Price (p2) 

These demand functions imply that, all else equal, a decrease in p\ or an increase in pi will 

increase the quantity demanded for Firm 1 's services. An increase in k\ or a decrease in ^2 

will increase the demand for Firm 1 "s services. Similarly for Firm 2. 

The Internet services (and content) offered by ISPs are differentiated. The parameters h 

(price sensitivity) and c (connection-quality sensitivity) attempt to capture the degree of 

content/service differentiation between the ISPs (or the substitutability of the firms' 

services). For example, very low values of h and c (i.e.. close to zero) imply that the 

services offered by the ISPs are completely differentiated (or less substitutable); in this case 

the demand for an ISP's services is not be affected by the connection quality or pricing 

decisions made by its rival. In other words, each ISP essentially acts as a monopolist. On 
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the other hand, larger values oFh  and c  imply that the content and services offered by 

each ISP are less differentiated or more substitutable: therefore, the connection quality and 

pricing decisions made by a firm's rival will have a larger impact on demand for the firm's 

services. 

At the first stage, the cost to Firm i of connection quality k, is 

where a is a technology cost coefficient that characterizes the rate at which the marginal 

cost of further improvements in connection quality rise as connection quality increases. As 

the costs to purchase and install network bandwidth and server capacity fall over time, a 

becomes smaller; if a approaches zero, network infrastructure becomes free to purchase 

and install. 

In addition to the cost of investment in network infrastructure (these costs are independent 

of the number of subscribers), there is also a variable cost to providing customer support to 

subscribers. We denote this variable cost by v. which represents the cost of serving an 

additional subscriber; more subscribers require more technical support, which, in turn, 

requires more technical support assistants and phone numbers. We will interpret v as the 

industry standard support level per subscription. 

The total profit function of Firm i is therefore given by 
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CC •) 

n ,  = ( / ? ,  - \ ' ) { a - p ,  + h p ^  + k ,  - c k ^ ) - - k - .  

We make the following parameter assumptions: 

(i) a > V . (ii) 0 < ^. c- < 1. and (iii) a > 4/3. 

The assumption that a > v is trivial but required to ensure equilibrium investments in 

connection quality in Stage I are non-negative. The assumption that 0 < h.c < 1 means 

that a firm's investment and pricing decisions have a greater impact on its own demand 

than do the decisions made by its rival. The final assumption, that a > 4/3. ensures that the 

firm's profit is a concave function in its own connection quality. 

In addition, we assume that consumer demand for an ISP's services is relatively more 

sensitive to price than to connection quality. We will term such a market a price-sensitive 

market and define it as follows: a market is price-sensitive if A > 2c. We assume a price-

sensitive market because, even though connection quality criteria are important, the actual 

connection-quality offered by ISPs is not as salient to consumers of Internet services as are 

the prices charged by ISPs for access to those services. First, consumers typically are not 

fully informed about the connection quality of various ISPs. Becoming better informed is 

costly (e.g., obtaining information from free trials, magazines, consumer reports, or friends 

and family). Without precise information about the connection quality offered by ISPs, 

many dial-up ISPs appear to provide similar features (and typically a standard 56K dial-up 

connection). However, prices for access to services are easier to identify and interpret. 
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Second, as discussed earlier, consumers often report price as more important than 

connection quality when choosing an ISP. Therefore, consumers are likely to be more 

sensitive to price than to connection-quality (although consumer demand is still sensitive to 

both in absolute terms).^' 

5. Results 

We will now analyze the subgame perfect equilibrium in the two-stage model of duopoly 

competition. (Proofs are provided in the Appendi.x.) 

5.1. Equilibrium Analysis of Connection Quality and Pricing Decisions 

We begin by noting that each firm's reaction function at the second stage is upward 

sloping. (Recall that the price reaction curve \p\(pi)\ for Firm 1 maps out Firm 1 "s best, or 

profit-maximizing, response to each price that could be charged by Firm 2. 

Result 1: The price charged by an ISP increases as the price it expects it's competitor to 

charge increases. 

In addition, in a price-sensitive market each subgame at the second stage has a unique, interior, 
Nash equilibrium. In contrast, a connection-quality sensitive market has both interior and boundary 
Nash equilibria. We do not present the analysis for the connection-quality sensitive market due to 
space limitations. 
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This result, that prices in Stage 2 are strategic complements, is quite intuitive and is 

illustrated by Figure 2. This figure shows the price reaction curves of both firms in Stage 2 

given the connection quality decisions (k/. k:) made in Stage 1. 

Figure 3-2. Price reaction curves of Firms 1 and 2 in a subgame (A/, kj). 

P:(Pi) 
Stage 2 

In Figure 2. the point at which the price reaction curves intersect determines the 

> •  • >  .  • * .  

equilibrium prices charged in Stage 2. The equilibrium pricing decisions ( p \  . p j  ) in stage 

2. given the investment decisions { k / .  k z )  made in stage 1. are: 

,  ( h  +  l ) ( a v )  +  ( h  -  2 c ) k .  +  ( 1  -  h c ) k ^  P \  ( k , . k , )  =  ;  =  .  
4  -  n  

and 

.  ( h  +  2 ) { a  +  v )  + ( h - 2 c ) k , { 2 - h c ) k .  
P 2 ^  \ * 1  ' — I  Z  
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Result 2: If one firm increases its connection quality (holding the other firm's 

connection quality fixed), then both firms will respond by charging higher prices in Stage 

2. 

To understand the intuition behind this result we refer to Figure 3. Figure 3 shows the 

shifts of both firms" price reaction curves in Stage 2. when Firm 2 (say) increases its 

connection quality. 

Figure 3-3. The impact of an increase in A.? on the firms' pricing decisions. 

Stage 2 

r" (p"i.p"2) 

Shift in price reaction curves of 
Firm i and 2 due to an increase inA. 

More specifically this figure shows the following: 

• The price reaction curve for Firm 2 will shift out (or to the right): that is. for each 

price charged by Firm 1. Firm 2 will respond by charging a higher price than it 

did before it increased its connection quality. Charging a higher price is optimal 

for Firm 2 since the increase in connection quality increases own demand. 



• The price reaction curve for Firm 1 will shift in (or downward): that is. for 

each price charged by Firm 2. Firm 1 will respond by charging a lower price than 

it did before Firm 2 increased its connection quality. Charging a lower price is 

optimal for Firm 1 since Firm 2"s increase in connection quality lowers Firm 1 "s 

demand. 

The result of these two shifts in the price reaction curves is a new equilibrium (/?/. p: ). In 

this new equilibrium, as one might expect. Firm 2 charges a higher price than it did before 

its increased investment in connection quality. More surprisingly. Firm I also charges a 

higher price. This seemingly counter-intuitive result can be e.xplained as follows: An 

increase in ki has two effects on Firm I "s equilibrium price. The first effect is the 

downward shift of its own price reaction curve described above: this downward shift has a 

negative impact on pi. The second effect is related to our finding in Result 1. That is. we 

know from Result 1 that price reaction curves are upward sloping. Therefore, the outward 

shift of Firm 2"s price reaction curve has a positive impact on p/. Here the positive effect 

dominates: therefore. Firm I ends up increasing its price in equilibrium. This counter

intuitive result relies on the assumption that these firms compete in a price-sensitive 

market. Of course. Firm 2 will increase its price by more than Firm 1. 

Result 2 can also be derived anahtically (see the Appendix for the details). In particular, 

we have 

^p'Ak^.k.) _ 2 ~ h c  ̂  h - 2 c  _  d p l j k ^ . k , )  ̂  ^  

~  4 ~ h '  ^  4 - h '  ~  d k .  ^  
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Note that Assumption (ii) implies that l - h c >  h  -  2 c .  

Result 3: In equilibrium, both firms will invest in the same connection quality in Stage 1. 

Figure 4 shows the connection quality reaction curves of Firm 1 and Firm 2 in Stage 1. 

(The price reaction curve [^1(^:2)] for Firm 1 maps out Firm Ts best, or profit-maximizing, 

response to each of Firm 2"s possible connection qualities, given that prices at the second 

stage are set according to .A:, )and p",(k^.k. )-) The equilibrium connection qualities 

are given by the intersection of the connection quality reaction curves. 

Figure 3-4. Connection-quality reaction functions of Firms 1 and 2. 

In particular k'^ = k' = 
2 { 2 - h c ) ( a - v i \ - h ) )  

a ( h  +  2 ) ( 2 - h ) - 2 ( \ - c ) ( 2 - h c )  

Stage I 

k 

k. 

Given the equilibrium pricing equations presented in Result 2. this finding also implies that 

both firms will charge the same price in Stage 2. However, in this paper our focus is not 

the level of investments made by each firm; instead we are concerned with how changes in 
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underlying model parameters (i.e.. the technology coefficient and the parameters 

measuring sensitivity of own demand to the competitors's price and connection quality) 

affect investment and pricing decisions. We examine these impacts in the following 

section. 

5.2. The Impact of a Reduction in a, the Technology Coefficient 

Result 4a: A reduction in the technology cost coefficient will lead both firms to invest in 

higher levels of connection quality in stage 1. 

This result is intuitive and is illustrated in Figure 5. This figure shows that connection 

quality reaction curves shift outwards when advances in the technological environment lead 

to a reduction in a. That is. each firm's best response to its competitor's investment 

decision will be to invest more in connection quality than it would have before the decline 

in a. 
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Figure 3-5. Impact of decreasing a, the technology cost coefficient, on the firms' 

equilibrium connection quality choices. 

The result of these two shifts in the connection quality reaction curves is a new equilibrium 

connection qualities (A", ). in which both firms invest in higher levels of connection 

quality than they would have previously. This result, i.e.. thatcA:,' / da = dk[ I da <Q. is 

derived analytically in the Appendix. Result 4b e.xamines the impact an increase in 

connection qualities on the pricing decisions in Stage 2. 

Result 4b: A reduction in the technology cost coefficient will lead both firms to charge 

higher prices in Stage 2. 

While this result may initially seem counter-intuitive it can be explained using Result 4a 

and Figure 6. By Result 4a. following a decrease in a. connection qualities rise from 

{k^.k,)-{k\k') to {k^.k^) = (k' .k'). where^" <k\ Given a symmetric increase in 

connection qualities, the net effect (since c < 1) is an increase in demand for both firms at 

Stage 1 
45 deuree 

Shift in Connection C 
curves of Firm 1 and 
decrease in a 

kiCki) 

Shift in Connection Quality reaction 
curves of Firm 1 and 2 due to a 
decrease in a 
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the second stage and hence the outward shift of each firm's price reaction curve 

illustrated in Figure 6. 

Figure 3-6. Impact of decreasing a, the technology cost coefficient, on the firms^ 

equilibrium pricing decisions. 

45 dearee 
Stage 2 

Shift in Price reaction curvcs ori-irm 

I and 2 due to a decrca.se in u 

The result of these shifts is new equilibrium prices (p,. p,). in which both tirms charge 

higher prices for access to their services than they would have previously. Therefore, 

despite the decline in technology investment costs in this case, the equilibrium prices 

prevailing in the Internet services market will be higher than previously observed. This 

result, i.e.. that dp\{kl .k\) I da = dpl(kl.k'-,)/da <0. is derived analytically in the 

Appendi.x. The result suggests that as investments costs decline (such as those associated 

with changing a 56K modem connection to a cable-modem connection), the Internet 

services market will result in better connection quality for consumers, but at higher prices. 
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5.3. The Impact of Increasing c. Consumer Sensitivity to Competitor's Connection 

Quality 

We now discuss how investments in connection quality and pricing of Internet services 

depend on c. the sensitivity of demand to the competitor's connection quality. One can 

interpret c in a variety of ways: (i) as a measure of the consumer's tastes for connection 

quality, with c larger as consumers value better connection quality more highly, (ii) as a 

measure of the differentiation of firm's services, with c larger as the services are less 

differentiated, and (iii) as a measure of the consumer's information about connection 

quality, with c larger as consumers are better informed about each firm's connection 

quality. Here we will focus on this last interpretation. 

Better information characterizing the connection quality offered by various ISPs is 

becoming more readily available to the public at low cost. Therefore. Result 5a and Result 

5b examine how an increase in c (connection-quality sensitivity) will affect the firms' 

investment and pricing decisions while holding h (price sensitivity) fixed. This is intended 

to represent the case in which the content offered by each firm remains the same (i.e.. the 

degree of differentiation remains fixed) but the information characterizing the connection 

quality of the competing firms is better and more readily available to the public than 

before. 

Result 5a: For fixed investment decisions in Stage 1. if consumer sensitivity to connection 

quality (c) increases, then both firms will charge lower prices in Stage 2. 
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To understand the intuition behind this result we refer to Figure 7. It shows that, holding 

Stage 1 connection qualities tlxed at (ki. k:). an increase in c causes each tlrm's price 

reaction curve to shift inward. This inward shift occurs because an increase in c. holding 

(ki. kj) fixed, leads to a decrease in demand for each firm's services. Hence in each 

subgame (k/. kj) both firms set lower prices given increase in the sensitivity of demand to 

connection quality. 

Figure 3-7. Impact of increasing c, the sensitivity of demand to connection quality, on 

the firms' connection quality choices 

Stage 1 I 

Result 5b examines the implication of this result on the firms" equilibrium investments in 

connection quality in Stage 1. 

Result 5b: [f consumer sensitivity to connection quality (c) increases, then each firm's 

investment in connection quality at Stage 1 decreases. 

k 

Shift in Connection Oualit>' 
reaction curves of Firm 1 and 
2 due to an increase in c 

k,(k:;) 

k 
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While this result seems counter-intuitive it can be explained using Result 5a and Figure 

8 .  F r o m  R e s u l t  5 a  w e  k n o w  t h a t  i n c r e a s i n g  c  l e a d s  t o  l o w e r  p r i c e s  i n  e a c h  s u b g a m e  ( k i .  h )  

and. it can also be shown, leads to lower profits for each firm. In fact, holding a 

competitor's connection quality tlxed. an increase in c leads to a lower marginal (Stage 2) 

profit per unit of connection quality. Hence, holding the competitor's connection quality 

tlxed. each firm's optimal connection quality decreases as c increases. Figure 8 shows the 

inwards shifts of each firm's connection quality reaction curves in Stage I when consumer 

sensitivity to connection quality increases. The shifts in the connection quality reaction 

curves lead to a new equilibrium in which both firms invest in lower levels of connection 

quality that they would have before. 

Figure 3-8. Impact of increasing c, the sensitivity of demand to conncction quality, on 

the firms' pricing decisions. 

Stage 2 p,(p,) 

Results 5a and 5b are formally established in the Appendix. There it is also established that 

Shifl in Pricc reaction cur\ i 

I and 2 due to an increa.se i 

Shifl in Price reaction curv es of Firm 

I and 2 due to an increa.sc in c 
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g/7,'(^, k. ) _ d p \ ( k ^ ' k .  )  ^  ̂  

dc dc 

i.e. that equilibrium prices at Stage 2 decrease as c increases even when taking account of 

the associated change in equilibrium connection qualities at Stage 1. 

6. Conclusions and Future Research 

In this paper we examined a two-stage model of duopoly competition in a price-sensitive 

market in which each firm provides consumers with unlimited access to its Internet services 

at a flat-rate price. Three key findings in this analysis are that when considering a market 

for Internet services in which consumers are relatively more sensitive to price than to 

connection quality: 

• Prices charged by an ISP are positively correlated with prices set by competing firms 

and with the amount of investment in connection-quality, or network infrastructure, 

made by the firm and its competitors. (Result 1) 

• If a firm increases its investment in connection quality, both firms will respond by 

charging hiaher prices for their services. (Result 2) 

• Falling technology costs should encourage ISPs to invest more heavily in connection 

quality; this will result in better access and service quality for consumers, but at higher 

prices. (Result 4a and Result 4b) 
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• As demand for services becomes more sensitive to the connection-qualitv of the 

competing firm ISPs will make smaller investments in connection quality and charge 

lower prices for services. (Result 5a and 5b) 

The results of the analyses will help decision-makers in the Internet services market better 

understand the implications of their investment and pricing decisions on consumer demand 

and firm profits. 

In future research we plan several model extensions to better account for complexities (e.g.. 

alternative pricing strategies and other factors such as information content and e-mail 

services that affect demand) in the market for Internet services. For example, we will 

examine how the results presented in this paper change if the market is assumed to be a 

connection-qualitv sensitive market (i.e., h < 2c) as opposed to a price-sensitive market 

(i.e.. h > 2c). Changing this assumption will lead to some results that differ from the price-

sensitive case presented in this paper and. therefore, a potentially different set of prescribed 

strategies for profit-maximizing ISPs. In addition, we will attempt to use this model to 

examine the sustainabilit>'. and effect, of alternative pricing strategies in the ISP market. 

7. Appendix 

(Result 1| Proof of equilibrium pricing decision 

Consider the subgame reached at stage 2 when at the first stage firm I chose connection 

quality ki and firm 2 chose connection quality ki. Firm i second stage payoff is given by: 
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Jq 
n ,  = ( A  - v ) ( u -  p ,  + b p ^  ^ k ,  - c k ^ ) - a - ^  

A Nash equilibrium price in the subgame (k,. kj) is a pair ofpositive prices (pi*. p:*) such 

thatforeach i . j e { \ . 2 \ . i ^  j .  p, * = arg max( p, - v ) ( a - p ^  + h p ^ * + k ^  - c k  ) - a ^ —  .  The 
f 2 

an 
first order condition is —' -  =  a - 2 p ,  + h p ^  + k ,  ~ ^ ' ^ i  + v = 0. which vields the reaction 

Sp, 

function p , { p , )  =  max|^(a -i- - c k ,) + ̂ h p ^ . 0 \ . Figure 2 plots the price reaction 

functions of both firms. Result I tells us that this curve has a positive slope of (b/2). In 

other words, the price charged by an ISP is positively correlated to the price charged by its 

rival. 

(Figure 3-21 

We now argue that there is a unique Nash equilibrium in the subgame (k,. kj). Consider the 

system of equations obtained by ignoring the non-negativity constraints in the reaction 

functions, i.e.. p ^  = ~ ( a  +  v  +  k ^  - c k , )  +  ̂ h p , .  p ^  =  +  v  +  k ,  - c k ^ )  + . Clearly 

(Pi*. p2*) is an interior Nash equilibrium if and only if (pi*. p:*) is a solution to this system 

of equations. The system has a unique solution given, for /. / e {1.2}./ y . by 

{ h  +  2 ) { a  +  v )  +  { h - 2 c ) k , + ( 2 - h c ) k ,  u u 
p * = . Smce the market is price sensitive we have b-
'  4 - h '  
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2c>0 and by Assumption (ii) we have 2-bc>0. Hence, the solution (pi*. p:*) is interior 

and is clearly the only interior Nash equilibrium. 

To establish this is the unique Nash equilibrium we need to show that there is not a 

boundary Nash equilibrium. For there to be a Nash equilibrium on the boundar\' it must be 

the case that for some price pj for its rival, firm i best responds with a price of zero. This 

can happen only if a + v + -ck^ -^hp^ < 0. In this case, the reaction functions are as 

given below in Figure 9. 

Figure 3-9. Non-existence of boundary solution in pricing 

Stage  2  

- ck , 

- a 

Assumption (ii) and the definition of a price-sensitive market imply that the intercept of the 

reaction function pj(pj) is greater than the intercept of Pi(Pj) as illustrated in Figure 2. and 

therefore the Nash equilibrium is interior as well in this case. 

Since a subgame perfect equilibrium must be a Nash equilibrium at every stage, in a 

subgame perfect equilibrium we must have, for i.j e {1.2}./ ^ j. 
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( h +  2 ) ( a +  v ) +  ( h - 2 c ) k  + ( 2 - h c ) k ^  
p ,  * i k , . k ^ ) ; . where pi*(k,. k,) is firm i"s price in 

4  —  h '  

subgame (kj. kj). 

(Result 2| Proof: If Firm 2 increases its investment in connection quality ( k j ) ,  both 

firms will respond by charging higher prices in Stage 2. 

Figure 3 shows the shifts of both tlrms" price reaction curves in Stage 2 when Firm 2 

i n c r e a s e s  i t s  i n v e s t m e n t  i n  c o n n e c t i o n  q u a l i t y  b y  A k . .  

(Figure 3-4[ 

More specifically this figure shows the following effects. 

1. The new price reaction curve for Firm 2 shifts out by-;^ such that 

/7,(/7i) = +  V  +  k .  +  A k ,  -  c k ^ )  +  •  

2. The price reaction curve for Firm 1 will shift in by —^ such that 

P , ( P : )  =  +  V '  ^ 1  - c { k ,  +  ̂ k .  ) )  +  ̂ h p y  

The result of these two shifts in the price reaction curves is a new equilibrium denoted as ( 

Pi". P2") in Figure 3. In the new equilibrium. Result 2 presents that both firms charge 

higher prices. We prove this by showing both price derivatives with regard to ki such that 
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d p ,  ( k ^ . k . )  ̂  2 - h c  ^  Q  

d k ,  ~  4 - h '  ^  

and 

d p ' { k , . k . )  h - 2 c  ^  Q  

d k .  A - h -

Both price derivatives are positive given assumption (ii) and the definition of a price-

sensitive market. Therefore, both firms charge higher prices even when only Firm 2 

increases its investment in connection quality. 

[Result 31 Proof of equilibrium investment decision 

We show that the subgame perfect connection quality choices (k,*. kj*) are as given in the 

paper. Consider Firm 1. (Firm 2 is symmetric.) At the first stage, firm 1 solves 

ma\n,(^,./:,*./7i * (^, .A:,*)./?, *(k^.k^*)). From the first order condition, we obtain the 

.  ,  , ,  ,  2 i 2 - h c ) i h - 2 c ) k . + { h  +  2 ) i 2 - b c ) ( a  +  h v - v )  .  .  .  ^  ,  
reaction function k , ( k ^ )  =  7^ ; ; . which tor each 

a(/) + 2)'{2-A)--2(2-/)c-)' 

^ ̂  is strictly positive in a price sensitive market by assumption (iii). The reaction 

functions are shown in Figure 4. Solving for the unique subgame perfect equilibrium 

2 { 2  -  h e  ) { a  -  v { \  -  h ) )  
connection qualities (k,*. kj*). we obtain = 

a { h  +  2 ) ( 2 - h ) - - 2 ( \ - c ) ( 2 - h c )  

By this equation. Result ?i presents that both firms invest in the same amount of connection 

quality in equilibrium. Furthermore, the equilibrium path price in the second stage is both 

firms charging the same price. 
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Substituting ki* and ki* into the second stage equilibrium price function p,*(ki. k:). we 

u .  •  i -  -  •  •  . u  .  * / /  *  /  a { 2 - h ) { h  +  2 ) { a  +  v ) - 2 v ( \ ~ c ) ( 2 - h c )  
obtain tor /. / e 1.2}./ ^ j  . that p ,  * ( . k * . k  * )  =  ;  .  

' a{h + 2)(2-hr-2(\-c)(2-hc) 

These are the equilibrium prices in stage 2. assuming tlrms invest in the equilibrium 

connection quality in stage 1. 

(Result 4a, 4b| Proof of impact of a, the technology cost coefficient, on equilibrium 

decisions 

(k,*. kj*) is decreasing if a increases because 

dk' 2{2-hc){a-v(l-h))ih + 2)(2-hy-
-T-TT < 0. This derivative is negative 

da (-4ah - 2ah' + aA" + 8a -4 + 2hc + 4c - 2hc')' 

given Assumptions (i) and (ii). The impact of decreased a  on connection quality reaction 

curves is illustrated in Figure 5. Firms' reaction curves shift out with different slope 

showing that firms invest more when a decreases. The new reaction curves result in higher 

connection quality in equilibrium. 

At the same time. p,*(k,. kj) is also decreasing such that 

, 2(2-ft)(« + 2)(l-c)(2-fc)l^-v(l-<,)) ^  

da (-4ah - 2ah' +ah +Sa-4 + 2hc + 4c - 2hc')' 

derivative is negative given Assumptions (i) and (ii). The shift of price reaction curve due 

to decreased a is depicted in Figure 6 showing that both price reaction curves shift out. 

i.e. both firms charge higher prices in the new equilibrium. 
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[Result 5a, 5b| Proof of impact of c, connection qualit\' sensitivity parameter, on 

equilibrium decisions 

The first derivative of the equilibrium connection quality with regard to c is negative such 

,  d k .  2 ( a - \ ' { \ - h ) ) { a h ( h  +  2 ) ( 2 - h ) ' - 2 { 2 - h c ) ' )  ^ c u 
t h a t  — =  — r  <  0 .  S o  t h e  r e a c t i o n  c u r v e  

dc (-4ah-2ah' +ah' +^a-4 + 2hc + 4c-2hc')' 

shift by the increase ofc is shown in Figure 7. The reaction cur\'es shift in with less slope 

suggesting that firms choose lower connection quality by the decrease ofc. 

In addition, the derivative of the equilibrium price with regard to c is negative such that 

= 2g(2-2fa-ff,)(2-AK<. + 2)(«-v( l - / . ) )  ^  ̂  ^  

dc (-4ah - 2ah' -toeh + 8cir - 4 + 2bc + 4c - 2 h c ' ) "  

the impact of increasing c on pricing. The fact that firms invested less in the first stage lead 

to firms to charge lower prices in the second stage. 



Chapter 4: An Economic Analysis of Patent Protection 

Policy for Technology-Enabled Business Methods 

1. Introduction 

Advances in informalion technology (IT) have enabled the design and development of 

innovations in software and computer-assisted business methods. Firms attempt to leverage 

these innovations to gain competitive advantages through cost reduction, or quality 

improvements, and often pass some benefits to consumers. However such competitive 

advantages are increasingly difficult to sustain because IT-enabled innovations are 

becoming easier to copy or imitate. For e.xample. rivals can use reverse engineering or 

decryption techniques to discover how software applications operate, make slight 

modifications to the original innovations, and distribute the amended software through 

Internet as a new product (Behrens and Levary 1998). Unfortunately, the ability of 

competing firms to imitate quickly and cheaply may reduce the incentives for firms to incur 

the cost to innovate. 

However, innovations are vital to the welfare and progress of our society. Technological 

innovations are the major source of growth in per capita income and directly related to 

consumer's standard of living (Nordhaus 1969. Hsu 1998). Therefore, much debate in the 

law/technology/economics/policy literatures discusses ways government may induce firms 

to innovate and thus increase current and future social welfare. One tool available to 
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government to provide sucii incentives is patent protection, i.e. providing an exclusive 

right of the innovations to the innovator. 

Software enabled financial services have been patentable since the State Street Bank & 

Trust Co. vs. Signature Financial Group. Inc. Federal Circuit case in 1998. Since then. 

many firms have patented various Internet business methods including pure software 

applications, ecommerce applications. Internet enabled services, telecom services, virtual 

retailing, and other business method applications (Glazier 2000). Business methods, i.e. 

business ideas and supporting technology, are relatively easy to create and imitate 

compared with major innovations in drug and chemical industries. 

One goal of patent policy is to maximize social welfare by providing incentives to innovate 

while simultaneously maintaining a competitive market. In this case, the goals of policy are 

to encourage the diffusion of technology while allowing the innovating firms to recover 

costs and earn fair profit. Policymakers often disagree over how to balance these two often-

conflicting goals. Much of the debate and disagreement is based on what factors the 

government may control to provide protection for innovating firms and the socially optimal 

level of patent protection. 

Recently, there have been many disputes exemplifying how difficult to choose right type 

and level of legal protections for technology-enabled business methods. Even after the 

Federal Circuit set the policy to award patents for business methods, the Court and 

companies alike have difficulty in interpreting the details of the patent protection. We 

illustrate how difficult the interpretations are from a few examples. 
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Amazon.com introduced the •"One Click^^" technology that eliminates the need for 

frequent customers to repeatedly type billing and credit card information (filed September 

12. 1997 and patented on September 28. 1999). On May 27. 1998. Barnesandnohle.com 

introduced "Express Lane." which performs the same function with "One Click" 

technologies. One month dSicx Amazon.com received the patent. Amazon.com filed a 

lawsuit to protect its patented technology (October 21. 1999''"'). In Federal Circuit. 

Amazon.com was granted a preliminary injunction against Barne.sandnohle.com in 

December 1999. One year later, in a February 2001 opinion, the Federal Circuit lifted the 

injunction, concluding that the validity of the patent was questionable. A year later, in 

2002. the suit was settled, leaving the term of the terms of settlement confidential (The 

Seattle Times 2002). 

Similarly. Priceline.com patented "Name Your Price""^" technology which allows buyers to 

bid the price they are willing to pay for hotel and airline reservations (filed September 4. 

1996 and patented August 11. 1998). In October 1999. Priceline.com sued Micro.soji 

Patent no. 5960411. Method and system for placing a purchase order via a communications 
network. 

"* A quote from USA Today (10/22/1999). 

"Being a pioneer and innovating for customers is always hard," said Jeff Bezos, Amazon.com 
founder and chief executive officer. "We spent thousands of hours to develop our 1-Click proce.ss, 
and the reason we have a patent .system in this country is to encourage people to take these kinds of 
risks and make these kinds of investments for customers." 

" Patent no. 5794207, Method and apparatus for a cryptographically assisted commercial network 
system designed to facilitate buyer-driven conditional purchase offers. 
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Expedia. alleging that "Price Matcher" for hotel and airline reservation introduced by 

Microsoft Expedia infringed its "Name Your Price" patent (Wolverton 1999). According to 

Haney (2001). "Priceline claimed that it had given Microsoft confidential information 

when the companies were considering a marketing tie-up that was likely to have involved 

Expedia's licensing Priceline's intellectual property. After those discussions broke down. 

Expedia launched its Hotel Price Matcher service, which Priceline alleged was similar to 

its existing price matching service and infringed on its patent." Finally a settlement was 

reached on condition that Microsoft Expedia continue its "Price Matcher" service but 

would have to pay a royalty to Priceline.com. leaving all details of settlement confidential 

(Bloomberg News 2001). 

Each of these cases shows how difficult the decisions regarding patent protection for IT 

innovations have been. i.e.. the Court issued an injunction, later reversed it. and finally did 

not make a decision because firms in both cases settled. 

As stated earlier, the goal of patent protection by legislation is to provide firms incentives 

to innovate while maintaining a competitive environment. Difficult tradeoffs and recent 

events have led legislators to reconsider whether existing policies are appropriate and meet 

social goals. The federal court, the USPTO. and Congress have begun to take action to 

limit the number and scope of software patenting in ways that will make future 

enforcement actions potentially more difficult and costly (Baumann 2001). Policy makers 

recognize that business method patents are too easy to attain and provide too much 
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protection for patent holders, which leads to anti-competitive behavior, prohibits 

technology diffusion and. consequently, hurts consumers. 

Two critical arguments in the patent reform debate are as following [see Baumann 2001. 

Bill Roberts 2002. Cantos et al 2001. Durant and Chuang 2000 for more detailed 

discussions]: 

( 1 )  o n e  f a c t i o n  d e c l a r e s ,  "raise a pateni bar!'' That is. some believe that before receiving 

a patent, a firm should have to demonstrate that the innovation has made a significant 

improvement or contribution to existing technological progress. 

(2) The other faction says, "provide narrow protections! " ?Tom this perspective, current 

patents provide broad umbrella of protection to existing patents, which can lead to anti-

competition behavior. So the cure for it is to restrict the patent infringement claim 

interpretation, in the economics literature, the level of protection is defined as patent 

breadth. Specifically, protection against slight improvement is defined as leading 

breadth and protection against imitation as lagging breadth. 

In an attempt to set a higher patent bar. Congress is preparing a bill^^ that would make it 

more difficult to get a business method patent by 

(1) publishing all business method patent applications within 18 months. 

"Business Method Improvement Act of 200!" by US representatives Howard Berman and Rick 
Boucher on April 3, 2001. 
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(2) providing an administrative opposition procedure within nine months following the 

granting of a patent. 

(3) creating a rebuttable presumption that a business method invention consisting of a non-

novel computer implementation of a pre-existing invention is obvious, and thus non 

patentable. 

(4) requiring an applicant to disclose its research of prior arts. i.e. issued patents and 

published materials (Baumann 2001. Cantos et al 2001). 

A similar current court case may limit the protection of all existing patents. In Festo vs. 

SMC in 1988. a Federal Circuit Court limited infringement under the "Doctrine of 

Equivalence." i.e. a new product infringes if it basically performs the same function in the 

same way with the same results. If the Supreme Court uphold the circuit decision, it could 

make the scope of 1.2 million patents narrower (Bill Roberts 2002). 

In opposition to some arguments for making patent protection narrower. Durant and 

Chuang (2000) criticize the assumption that e-commerce patents may discourage e-

commerce development. They maintain that the low patent bar. i.e. broader range of 

patentability, has been balanced somewhat by restrictive claim interpretation during 

enforcement of patents. 

Despite the importance of regulatory policy to patent protection of business methods in the 

new economy, little of the work reported in the economics and information systems 

literature has addressed the pressing issue. The economics literature is replete with 

theoretical models/tools that are applicable to patent system analysis but describes few 
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applications designed to meet today's challenge. In addition, the IT literature has little 

formal evaluation or analysis of problems identified above. The most up-to-date 

discussions can be found in law journals or tech/business magazines. However, these 

treatments lack serious economic considerations and lack rigorous methodological 

approaches of the effectiveness and welfare impact of the protection they propose or 

oppose. 

The objective of patent protection is to balance current and future welfare, defined as an 

aggregate of consumer and producer surplus. Determining optimal protection policy, i.e. 

maximizing social welfare, is a non-trivial task. The complexity arises from stakeholders 

who may have contradictory objectives and a menu or mi.x of options: a social planner 

maximizes social welfare, firms maximize their profits, and consumers maximize their 

utility. Ofcourse it is difficult to reach the first-best solution because the social planner 

does not have full access to information about firms and consumers. 

This work attempts to survey the economics and information systems literature to come up 

with comprehensive view and understanding of the economics underlying patent policy. 

Then, we apply appropriate tools and techniques to derive an optimal patent protection 

policy in a specific context. Earlier we pointed out that legislators need to consider two 

separate directions in patent reform. We will consider these two policy parameters together, 

i.e. (1) patent bar and (2) patent breadth. Choosing to deal with these two parameters 

simultaneously, we examine impact on social welfare and investment in innovations. 
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In section 2. we summarize the literature in IT and economics. In section 3. we present 

a model of patent protection. Section 4 presents the results of an analysis using the model. 

Section 5 summarizes and discusses our results and some future research directions. 

2. Literature 

2. /. IT Literature 

IT has often been cited as the main source of unprecedented economic growth in the U.S. 

since the mid-1990s by providing firms the ability to produce greater output, given the 

same inputs (Kudyba and Diwan 2002, Greenspan 1997. Engardio 1998). 

Reflecting the role of IT in the last decade. Workshops on Information Systems and 

Eiconomics (WISE) have examined a wide range of research topics related to 'demand side', 

i.e. effective use of IT. and 'supply side', i.e. efficient provision of IT resources since their 

founding in 1989 (C. Kemerer 1998). 

The problem of patent protection for software and software-enabled services is closely 

related to the demand side such as strategic IT planning. IT impacts upon organizations, 

and return on IT investments. 

In the early 1990s, several MIS researchers argued that firms should respond to the rapid 

advance of information technologies by transforming their organizations, deploying and 

evaluating strategic programs (demons 1991. Gurbaxani and Whang 1991) As demons 

notes. "The strategic impact of information systems poses a new problem for MIS 
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management. " He goes on to suggest the following essential question to be asked when 

beginning a strategic program. "What benefits, costs, risks, competitive impacts, possibility 

of cooperation of the proposed strategic program?" 

Recent studies found evidence of contributions by IT investment to firm outputs, contrary 

to previous studies that supported an IT productivity paradox (Kudybaand Diwan 2002. 

Brynjolfsson and Hitt 1996. Lichtenberg 1995. 1998, Bemdt 1991. Barua 1995. Loveman 

1994). 

Investment in relatively intangible goods such as software interface, business ideas, and 

software-enabled services have received little research interest: but these investments may 

have non-trivial strategic impacts and should also be evaluated for inclusion in a strategic 

program. Extended studies of IT-investment productivity and software engineering point 

out the following fundamentals of intangible assets: 

( 1 )  " " t h e  b e n e f i t s  o f  I T  i n v e s t m e n t s  a r e  o f t e n  i n t a n g i b l e  a n d  d i s p r o p o r t i o n a t e l y  d i f f i c u l t  t o  

measure " (Brynjolfsson and Hitt 2002). 

(2)  "the magnitude of intangible capital investments that accompany computerization of 

the economy is plausibly far larger than the direct investments in computers 

themselves " (Yang and Brynjolfsson 2001). 

(3) and "Even in situations where we have relatively good sofr^vare related artifacts to 

examine, there may be little evidence to examine concerning the process by which they 

were constructed (C. Kemerer 1998). 
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Not only the investment, evaluation and production costs of acquiring IT software but 

also necessary protection may matter, because the investment would be very hard to recoup 

without legal protections such as copyright, patent, and trade secrets. Leaving unprotected 

such resources and new business ideas might quickly disperse a budget for innovations 

should rivals imitate and duplicate these assets. For instance, the interface of spreadsheet 

software has been found to be a significant factor affecting the value of that software and as 

important as other intrinsic features such as embedded charts. LAN communication 

capability, and sort-column feature (Brynjolfsson and Kemerer 1996). Imitating interfaces 

is an easy task using integrated development environments (IDE), e.g. Visual Studio from 

Microsoft. Without protecting it. all rivals imitate/duplicate the interface and a developer 

would lose its advantages attained from irmovations and never recoup the investment. 

Regulatory policy that determines who develops and discloses an innovation, how 

innovations are adopted and diffused in the marketplace, and how the welfare should be 

distributed is the key issue of mounting interest. However, both the IT and the economics 

literature rarely address the patenting of innovations, the appropriate level of protection of 

such patenting or its impact on firm strategy. We therefore have tried to adopt economic 

theory of patent protection in order to examine the impact of patent protection on 

regulatory and strategic behaviors. 
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2.2. Economics Literature 

First, we explore literature in economics in order to find relevant discussion of patent 

protection and its impact upon strategy and welfare. To begin with, we define the meanings 

we ascribe to several tenns that are used ambiguously in literature: 

(a) patent scope: profit flow during patent life. 

(b) leading breadth: protection against improvement. 

(c) lagging breadth: protection against imitation. 

(d) width: protection against close substitutes. 

Numerous researchers have looked into how patent protection combined with patent life, 

fees, and the like affect finn's decisions. We summarize several articles closely related to 

our investigation in the following table. 

Table 4-1. Literature in economics 

Articles Policy Firm Market Methodology 

Klemperer 
(I<)90) 

Patent life 

and width^^ 

Price Spatial Demand 

Function"'^ 

One shot innovation 

Gilbert and Patent Life Output Patent holder receives a Given a patentee exists in the 

" The model allows rivals to produce spatially difTcrentiated products from patent holder's product 
variety. The spatial distance is w and the transport cost is t. 

Consumer utility is q - p - \vt, i.e. (quality - price - distance * transport cost). If the rival has the 
same quality as the patent holder and charges zero price, then a customer at distance w compares 
purchase from patent holder if q - pi > =q - wt Therefore, the demand of patent holder is H(p) = 
Total (p) * Fraction (t >= pAv). 
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Shapiro 
(1990) 

and scope monopoly profit flow 
during the patent life. 

market, welfare is considered. 

Waterson 
(1990) 

Width^*^ Patent or not. 
Rival's Entry. 
Court 
A .• •'0 Action 

Spatial 

DitTerentiation^' 

E.xtensive form game: patent 
or not. entry and location, 
coun action. 

Gallini (1992) Patent life 
and Scope 

Innovator: 
patent or 
secret 

Rivals: 
imitation or 
invent 
around. 

Imitation is costly 

Patent holder receives a 
monopoly profit flow 
during the patent life 

One shot innovation. 

Subgame perfect equilibrium 
in multi-stage game: research, 
patent or not. imitation, and 
production 

Dijk(l996) Lagging and 
Leading 
Breadth 

Entry 

Improvement 

Pricing 

Product innovation 

Vertical 
difrerentiation with 
different taste of 
consumers uniformly 
distributed 

Three stage model and 
subgame perfection: entry, 
improvement, and pricing 

One-shot innovation 

O'Donoghue 
et al. (1998) 

Lagging and 
Leading 
Breadth 

Investment in 
ideas that 
generates a 
quality gap 
against rivals. 

Vertical Differentiation 
with identical taste. 

Homogeneous 
consumer taste for the 
competitive market and 
heterogeneous 
consumer taste for 
oligopoly market 

Two-stage model where firms 
innovate and compete in an 
output market. 

Infinite sequence of 
innovation where idea 
generation follows a Poisson 
process. 

Comelli and 
Schankerman 
(1999) 

Patent life 
and 
associated 
Fees 

Price 

Firms decide 
the size of 
innovation by 
setting R&D 
input 

Product innovation 

Demand is the function 
of price conditional on 
the size of innovation. 

The size of innovation 
is an increasing 
function of R&D input 
and R&D productivity 

Two-stage model where firms 
set investment amount first 
and decide patent life later 

One shot innovation 

Deterministic and Stochastic 
R&D outcomes are 
considered. 

Simulation Analysis 

' ' The width is represented 0 as If the incumbent does not patent. 0=0. Expected net benefit of court 
action is an aggregate of damage transfer and legal cost, both of which are function of 0. 

Court action means that patentee takes the rival to court over the patent infringement. 

" Horizontal differentiation is used for the case that a product patent makes entrv into the market 
by close substitution costly. 
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Klemperer (1990) proposed narrow protection and long patent life as optimal policy 

when buyers have similar preferences between innoyations. For example, when consumers 

prefer ease of use in the computer software, a social planner should enforce a long patent 

life with narrow protection. Otherw ise. Klemperer argues that a broad protection and finite 

life should be optimal. F'or example, a social planner should choose a broad protection and 

finite life for a drug that has varying side effects for different patients. 

Gilbert and Shapiro (1990) support infinite patent life with restrictive patent protection in 

that patent scope is increasingly costly in terms of social welfare and that small patent 

scope leads to infinite patent life. 

Waterson (1990) models patent-or-not and court action decisions. An innovator first 

decides whether or not to patent, and then a rival decides to enter the market. Later, the 

innovator decides whether to bring the rival to the court in case he has a patent and the rival 

enters the market. Waterson argue that patent svstem mav prevent an entry, which is 

socially desirable and encourages innovations. 

In Gallini (1992). optimal policy is said to be short patent life and broad protection when 

imitation is costly and it is proposed that rivals are more likely "invent around" a patent-

holder's innovation by extending patent life. 

Horizontal differentiation is used for the case that a product patent makes entry into the market 
by close substitution costly. 
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O'Donoghue et al. (1998) argue that infinite patent life with finite leadina breadth is 

superior in reducing R«S:D cost but inferior to finite patent life with infinite leading breadth 

in improving the diffusion of new products. 

In contrast to most articles that have focused on optimal uniform patent life and protection. 

Comelli and Schankerman (1999) argue that combining differentiated patent life to 

different R&D productivity mav improve welfare. In order to implement the differentiated 

policy, they suggest an incentive-compatible menu of patent lives and associated fees. 

Dijk (1996) argues that low patent protection should not affect the equilibrium without 

patent protection and that patent-holders lose but non-patent holders are better off in the 

medium leading breadth. 

We reviewed several discussions in economics and information systems about patent 

protection policy closely related to our work and the methodology we will use. To 

summarize. 

(1) IS researchers previously have concentrated on efficient allocation of resources and 

effective usage/evaluation of information technologies. Now the strategic importance 

of investment in intangible assets is being investigated as. indeed, are intangible assets 

themselves as outcomes of IT investment. However the strategic impact of regulatory 

policy on protecting intangible assets has not yet been explored. 

(2) We find economic discussions of patent life, protection level, patent decision, court 

action, fees, and the like. Contradicting debates of patent policy are not necessarily 
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surprising, once we know that the are based on different theories grounded in 

different assumptions. In terms of methodology, game theory has been extensively 

applied to the modeling of firm competition in multiple stages. 

3. Research Questions 

Choosing patent protection level is an important policy decision that affects current and 

future social welfare. Therefore, social planners attempt to design patent systems that 

encourage firms to invest in innovations for the long run and increase social surplus in the 

short run. In the following section, we develop an economic model that examines the 

interactions among policy controls, firm strategy, and market parameters. More 

specifically, we are interested in two patent protection policy controls: patent bar and 

patent breadth. This model will identify the impact of patent policy upon 

( 1 )  i n v e s t m e n t  a m o u n t  f o r  i n n o v a t i o n s .  

(2) qualities of products. 

(3) prices charged for products. 

(4) and strategies of innovation, development, imitation and pricing. 

4. The Model 

Here we present a model in which two firms compete in innovation, new product 

development, and pricing. Initially they compete to develop a novel idea. The winner who 

first hits on an idea designs and develops a new product based upon it. The winner can 

choose whether or not to patent the product. If the loser opts to imitate the product, the two 
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will then obsen'e each other's product quality and compete in setting prices for their 

products. 

A social planner creates a patent policy that controls patent parameters that influence the 

innovation, patent decision, product quality, and pricing strategies. A social planner assigns 

a patent for an innovation on the basis of two components: the idea should be novel and 

non-obvious. Firms go through idea generation process to obtain a novel idea and they 

should set the quality of product greater than patent bar // > 0 to pass the non-obviousness 

requirement. The planner also allows competing firms to imitate up to the quality A 

( 0  <  A  <  / J ) .  

Products based on the same idea of the winning and losing firms are considered perfect 

substitutes except in quality difference"*'. Consumers, of course, have heterogeneous tastes 

regarding the quality of the product. With marginal cost and cost of imitation set at zero for 

simplicity, firms playing this game know payoff functions as common knowledge and 

know the history of the game thus far. 

The competition between the two firms is analyzed by solving for the subgame perfect 

equilibrium of the game. Comparative static analyses can then be used to investigate the 

effect of parameters upon the equilibrium price, quality, and investment in innovation. 

•*" As an example, two Internet bookstores that sell identical books are otherwise similar e.xcept than 
for process satisfaction with purchases because one offers better securit>' protection, requires less 
time and fewer steps to order, less time taken before shipping, and the like. 
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Assumption 1: The product quality of innovating firm is higher than that of an 

i m i t a t o r ,  i . e .  . v „  >  s , .  

In the case of patent protection, the above assumption is inconsequential because the 

imitator's quality is bounded, i.e.. 0< A < /j. Even if the innovation is not protected, the 

innovating firm may find some portion of innovation, e. not revealed by the imitator or is 

hard to reverse-engineer such that .v„. - £ = .v, . 

Now. we describe the game, beginning with idea generation [See Figure 1 for a graphical 

depiction of the game]. 

Figure 4-1. Multi-stage game of duopoly competition 

Firms observe who wms the race 

Social Planner 
f Patent Bar 

Imitation Level 

Firms observe each other's quality 

Price Price 

Winner's Quality 

Loser's Quality 

Investment in 

Innovation 

Investment in 

Innovation 
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4.1. Idea Generation 

Firms race in generating a new idea by investing x amount such that 

x = -ha: :/G{1.2|. 
2 

where (i) a > 0 is conditional density that a firm generates an idea at time t given that the 

firm has not succeeded until that time and (ii) a symmetric cost coefficient h characterizes 

cost structure for new idea generation;, as generating the new idea becomes more costly, h 

becomes bigger. 

The probability of idea generation time r being within time / is /7/-{r </) = I-c . so the 

probability of firm 1 winning the race is given as 

/7r(r ,  <  ^2)  = J[  diids = —— 
GCI CX T 

Firm 1 "s payoff is the expected profit flow of a winner or a loser less the investment in idea 

generation such that 

n ,  =  ' —  +  r ' ,  =  h a ' \ .  
a ^ + a ,  o r ,  2  

where (f and L denote winner and loser of the race. Fis the payoff in the second stage. 
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4.2. Product Development 

Once having a novel idea, the winner moves first to set its quality .v„ G (O.OO) . Setting the 

quality means developing the idea in order to commercialize or implement as a form of 

software components or hardware devices. The cost of quality improvement is 

where A: is a technology coefficient. As the cost of technology that supports developing or 

commercializing the idea. e.g. CASE tools. CAD. and CAM, falls over time, k becomes 

smaller. 

The loser moves after observing the winners quality. If .v,,. is greater than then the loser's 

maximum allowed quality is a . i.e. s, 6 (O./l). Otherwise, s, e (O.-v,, ). The cost of 

imitation is negligible ; we set it zero. 

The payoff in the second stage is 

= R,, -c„ .y, = R,. 

where R is revenue in the third stage. 

4.3. Price Competition 

After observing product qualities in the previous stage, firms set prices to be charged for 

their products simultaneously. The winner produces higher quality product than the loser. If 
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y s  
—^ . then the winner would dominate the market. We are rather interested in a 
Pi Pw 

non-dominated case where — > because the case is more realistic than the dominated 
Ps Pll 

case. With the total number of customers normalized to 1. demands for winner and loser 

are 0„ = 1 - ——— > 0. = ——— - — > 0. given utility function of customers is 

(a) 6!s„ - p^.: if buying from a winner. (b)£i-, - p,: if buying from a loser, (c) 0: if not 

buying, where 0 is consumer taste uniformly distributed [0. 1 ] and p is price. The revenue 

is R, = p,0, :ie {fV.L}. 

5. Results 

We analyze the equilibrium in the extensive form game we described in the previous 

section. 

5./. Equilibrium Analyses in Price Competition 

Result 1. Unique price equilibrium exists. The prices of winner and loser are positively 

correlated. 

The fact that prices are strategic complements is intuitive. As shown in [Figure 2] each 

reaction curve, i.e.. profit-maximizing response to every choice of the rival, has a positive 
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slope, given qualities from previous stages. The intersection of reaction curves 

represents a unique price equilibrium such that 

A, and 
4.v„. - -v, 4.s„. - .V, 

Figure 4-2. Price reaction curves 

Pi.(Pw) 
Pw 

Pw(Pl.) 

Result 2. If the winner increases its quality holding the loser's quality constant, then both 

3p 3p 
winner and loser will respond bv charging higher prices, i.e.. —— > 0. —— > 0 . 

av„. Gv,,. 

[Figure 3] shows the shift of reaction curves if the winner's quality increases: 

(1) Winner's reaction curve shifts out: for each price by the loser, the winner will charge a 

higher price than before its quality was increased. Charging a higher price is intuitive 

because the winner has higher quality than the loser. 
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(2) Loser's reaction curve shifts in: the loser will respond by charging a lower price for 

each price the winner charged before winner's increasing its quality. A lower price is 

also quite intuitive because the loser's product will have lower quality than the 

winner's. 

As a result, the new intersection tells us that both firms charge higher prices in the new 

equilibrium. Intuitively, the winner charges a higher price. But the loser now also charges a 

higher price though its quality stays the same. Noticeably, the positive impact of the 

winner's price increase dominates the negative impact of the winner's quality increase upon 

the loser's price. 

Figure 4-3. Impact of winner's quality increase on pricc reaction curves 

•• PL(PW) 

Pw 

PL 

Result 3, If the loser increases its quality holding the winner's quality fixed, the winner 

will react by charging a lower price. In the same case, the loser will charge more in case e 

is large and charge less in case e is small. 
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The movements of reaction curves are as intuitive as result2; the winner's reaction 

curve shifts in while the loser's reaction curve shifts out if the loser increases its quality. 

From the new intersection, it is obvious that the winner now charges a lower price, i.e.. 

dp,. 

ds, 
< 0. Intriguingiy. the loser's pricing strategy is contingent upon the quality gap £ and 

loser's quality .v,, . i.e. , '' . Figure 4 explains the change of the 
cs, (4.v„. - .V, )• 

price direction of the loser if the winner's quality is increased while holding the loser's 

quality constant. The loser's price slope w.r.t. its quality increase is negative in the left 

V3 -\/3 
interval, where e = .v„ -.v, is less than the threshold such that (.v„ -s, < -^•'>1 ) 

V3 
and it is positive where s is greater than the threshold such that (.v„. -s, >—^Si ). 

Figure 4-4. The impact of loser's quality increase on its price 

Small 8 Big 8 Slope of P 

Negative Slope Positive Slope 

The same result is depicted at a different angle in Figure 5. 
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(1) Figure 5(a): If the gap is relatively wide, then the loser will charge a higher price: 

the increase of the loser's quality increases the total demand more sharply it does in the 

case where the quality gap is small. Facing the much increased demand and following 

the profit maximizing directions, the loser charges a higher price but the winner lowers 

its price. 

(2) Figure 5(b): If the gap is relatively narrow, then the loser will charge a lower price: as 

the total demand increases but not as sharply as in the previous case. Both firms now 

engage in a bitter price war to capture more demand; both winner and loser lower their 

prices to capture more demand, and as a result total demand is still increasing in the 

face of both firms" responding to the loser's quality improvement by charging lower 

prices. 

Figure 4-5. Different slopes of loser's price facing its quality increase w.r.t. big and 

small quality gaps 

Pw I Pw 

P w ( P ,  )  

(a) quality gap is high (b) qualit}' gap is low 
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5.2. Equilibrium Ana/yses in Product Development 

Result 4. If the winner does not patent the innovation, unique quality equilibrium 

(.v\r..v^/)exists. 

Suppose the winner does not patent the innovation or there is no patent protection provided. 

In the case, the second derivative of the loser is negative w.r.t. its quality for any given 

winner's quality, so solving for the first derivative is sufficient: 

The imitator's reaction curve s, (.v„.) is above 45-degree line in Figure 6. Knowing how 

the rival will react to the quality of the innovator, the innovator chooses profit-maximizing 

quality. Substituting the above expression for .v, in the winner's payoff, we get the 

dV 
negative value for the second derivative of the winner's payoff: —^ = -k  <0.  From the 

ds'tt-

1 1 
first order condition we have equilibrium quality of both firms: (.v ^ H . .v \ ) = ( . ). 

48A: 12jt 

The imitator's payoff when facing vertical market segmentation in the pricing stage is 

concave. That is to say. the imitator's payoff increases in the beginning but reaches the 

maximum point, and then decreases as the imitation level becomes high. So copying as 

ds', .  (4.SV - .v, )^ 

cV, _ -  2s-» ns, -f-8.v„.) 

Solving for 
dV, _ .s-

ds, (4.v„ -.V,)' 
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much as possible is not the optimal strategy for the imitator who. after the quality 

setting, will face the market segmentation in the pricing stage. 

Sw 

Figure 4-6. Equilibriutn quality without patent protection 

Results 5. The planned equilibrium (/J. A) replaces no-patent equilibrium (.v^H . . s )  o n l y  

in some region where the loser's optimal reaction is bound. 

From lemmas 1-4 (see Proofs), we find that the planning equilibrium (/J. A) exists only in 

some region where the loser's quality is bound at less than the optimal reaction level 



121 

(Region I in Figure 7). Otherwise, the equilibrium with no patent dominates the 

plarming equilibrium (Region 11. III. and IV in Figure 7). 

Figure 4-7. Impact of patent policy on equilibrium and patent decision 

• • * 

I; Patent with equilibrium (/y. -i). 

11. in. and IV: No patent with equilibrium (.v •» ..v ^ / ). 

.y, (//); imitator's reaction curve w.r.t. any ^, 

v \r: the winner's equilibrium quality without policy protection 
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Result 6. A reduction of the technology cost coefficient will determine the region of 

equilibrium (//.i) broader. 

From a numerical simulation"'"', we find the shift of region 1 (Figure 7). as shown in Figure 

8. The intersection of the reaction curve s, {^) and the region of equilibrium {/j.a) is the 

indifference point, where // = . /I = .v / . Therefore as the technology cost declines, the 

equilibrium quality increases along the reaction curve s, {ji). The region of equilibrium 

ip.A) shifts as the intersection shifts outwardly. This result tells us that as technology cost 

for information technology declines, a social planner can set a higher patentability and 

imitation level than before the shift. The result also suggests that different protection 

policies can be applied in different industries. For example, the planner should award a 

patent for incremental innovation in order to provide high protection for an industry 

equipped with costly legacy technologies, but should set high patentability and low 

protection for an industry equipped with flexible infrastructure and developed technologies. 

'' We programmed a graphical application using Visual Basic 6.0, which plotted a region where 

regulation (//./i) yields higher profit than non-regulation equilibrium (.vit . .v ^ / ). 



Figure 4-8. Impact of technology cost coefficient on the equilibrium and patent 

decision 

5.3. Equilibrium Analyses in Idea Generation 

Result 7. (1) An increase of profit difference between winner and loser will lead both firms 

to choose higher levels of success rates. (2) An increase of the cost coefficient of idea 

generation will lead both firms choose lower levels of success rates. 
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The unique equilibrium (see Lemma 5 in Proofs). - V , ) .  is increasing and 

concave w.r.t. {V„. -  V,) but decreasing and convex w.r.t. the cost coefficient of idea 

generat ion,  i .e .  h.  

Result (7-1) is intuitive and shows that a social planner can induce more investment in idea 

generation by transferring payoff flow from loser to winner through the controls of 

patentability and imitation level. 

Result (7-2) tells us that as idea generation becomes difficult and more costly, firms will 

invest less in idea generation. 

6. Conclusions and Future Research 

This work examined multi-stage competition of two firms engaged in idea generation, 

development/commercialization, and market competition. Major findings from the 

investigation of the impact of patent protection policy upon a firm's strategies are: 

• If the winner increases its product's quality, both firms will increase their prices. If the 

loser increases product quality, the winner will charge lower prices but the loser will 

charge higher prices if faced relatively wide quality gap but will charge lower prices if 

faced with relatively narrow quality gap (Result 1,2, and 3). 

• Patent protection is effective in changing the equilibrium only by restricting the 

imitator's quality (Result 4 and 5). 
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• As the technology cost that supports developing a novel idea declines, a social 

planner will have a broader and higher range of patent policy (Result 6). 

• A social planner can encourage investment in new idea generation by creating greater 

profit difference between winner and loser (Result 7-1). 

• Saturation of novel ideas for business reduces investment in idea generation (Result 7-

2). 

The result of the analysis provides an integrated view of the patent-protection impacts on 

innovation, quality setting, and market segmentation, given vertically differentiated market 

parameters. 

Extending this research, we plan to examine another patent policy to evaluate its 

effectiveness and will attempt to consider different market regimes to compare policy 

implications. We may need to create an innovative research methodology to treat the 

complexity of the extended research. For example, our work on patentability and imitation 

level may reveal a different mapping of its effectiveness, depending upon the industry or 

market segments examined. Even though the general trend regarding intellectual property 

rights among international nations seems to be converging toward a uniform policy, 

creating a differentiated policy for each industry or segment may result in better outcomes. 

How might a social planner implement this? What policy controls might best differentiate a 

single industry? In addition, we plan to validate our results by examining several cases of 

firm competition and by analyzing industry-specific data. 
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7. Proofs 

Lemma I. With a patent policy fj .  >  . v  ^ .  / i  >  s, (fu). the winner does not patent the 

innovation such that (r ..s /) is equilibrium. 

Patenting the innovation does not provide higher profits for the winner, given the policy 

protection, with the result that the winner decides not to patent the innovation and 

equilibrium with no regulation still holds. In order to prove this, we define .v as a positive 

real number such that // = s ̂  a + .r: x > 0. The payoff for the winner who gets a patent 

would be: 

4 , 49-2304.r'A:' 
f ' u C h  = - A )  =  

= r,,. (.V ^ K. s \ . )  -

7 4608A: 

2304x'A:' 

4608A: 

Therefore, the winner does not patent the innovation since the payoff without protection is 

4 
greater than the payoff with protection: r„. (.v„. = / j .  s ,  = — / j ) <  (.v \( . .v \ ). 

Lemma 2. With a patent policy /y <i .A > . the equilibrium is ..v'/). 

Following the same step as for Lemma 1. we found that the winner would not seek patent 

protection of the innovation and the equilibrium with no patent still would hold. 
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Lemma 3. With a patent policy // > .v ^i < s, ( / / ) .  t h e  w i n n e r  m a y  p a t e n t  t h e  

innovation. In the case, (//.x) is equilibrium. In this regime, the winner's profit is concave 

to the patentability //. 

We find a region where the winner patents the innovation from a numerical simulation"*'*. 

When a social planner seeks high patentability, the new equilibrium (//./t) occurs if the 

imitation level restricts the loser's quality. As patentability gets higher, the winner's profit 

increases to some point but then diminishes because of the increasing cost of the quality 

setting as shown in Figure 9. 

Figure 4-9. Winner's profit change w.r.t. patent bar 

Vw 

Lemma 4. With a patent policy // < \r. /I < s, {^). the winner may decide to patent the 

innovation. In such a case. (//./I) is equilibrium 

We used Microsoft F..\cel program with Visual Basic Application to compare profits in ditt'erent 
market regimes for Lemma 7 and 8. 



A region in which the winner patents the innovation can be identified from a numerical 

simulation. In this regime, the profits of both winner and loser increase as the patentability 

increases. As the imitation level increases, the winner's profit decreases but the loser's 

profit increases. 

Lemma 5. Unique equilibrium success rate e.xists in idea generation. 

The second derivative of the payotTin the first stage is negative, so checking the first 

derivative is sufficient for optimality: 

da'\ '  ( O f , + a , )  '  

2 a , ( r „ . - r ,  )  

^a^ ' (a, 
i_n - ha, = 0. 

Now we need to work out reaction functions"'"^: 

( I )  D e f i n e  T C o r ,  . a , )  =  
(a, + 0 . ) '  

( V  - V  )  
(2) For all a,>0. T(,Qm. ) =  "  ,  ^  > 0 :  

a ' 2  

(3) For all ar,>0. lim T(a^.a-, ) = -^ 

We foilow Beath et al. (1999) for the steps working out the reaction curve. 
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d d 
(4) For all a|>0. Qr,>0. T(a,.afO = ;-n, <0 as already showTi in the 

da, da'\ 

beginning. 

These conditions guarantee a well-defined reaction curve and we can find the property of 

the reaction curve from the tbllowing; 

^ T(a,.a, 
d a y  ( a ,  + a , )  

(a, - or-,) > 0 : or, (a,) has a positive slope: 

(or, - a-,) < 0 - (o;-) has a negative slope. 

From these properties, we can describe the reaction function as shown in Figure 10. 

Figure 4-10. Reaction curves of success rate choice 

a2 
al(a2) 

a2(a l )  

al 

And there is a unique equilibrium choice a^ =a, = —from solving; 
2h 



• 0  =  ( ' » - ' » U  ( c )  

( i )  

o e i  
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