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ABSTRACT 

This research examines investment behavior within industries characterized by 

network economies. That is, industries in which the value of a product to consumers 

increases with the number of other consumers that purchase compatible products. I 

analyze indirect network economies by investigating the ability of firms, producing 

complementary products, to coordinate investment decisions over time. I also investigate 

the influence of direct network economies on the quantity-setting strategies of a durable 

good monopolist. 

When networks are present an incumbent technology has an advantage over an 

entrant, due to the value consumers place on an installed network of compatibility. This 

network can hinder the adoption of an innovation. 

Within industries characterized by indirect networks, strategic interdependencies 

exist as firms, who produce complementary products, invest in innovative technologies. 

Diffusion of innovations requires coordination, so that a new product might appear on 

the market accompanied by a minimal network of compatible complementary products. 

Game theoretic techniques are used to model this coordination process as it evolves over 

time. 

To determine if observed behavior is consistent with Nash refinements of selection 

among Pareto-rankable Nash equilibrium paths, economic experiments were conducted. 

The experimental data reveals that in a time-dependent multi-stage coordination game, 

subjects are unable to focus on the Pareto-dominant Nash eqUilibrium (PDNE) strategy 

-.--. --------
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path. However, given repetition subjects converge toward it. The data show that a 

higher cost of exiting the existing technology or a higher level of strategic uncertainty 

decreases the level of coordination on the PDNE strategy path. 

I also investigate the impact of a network parameter on a durable good 

monopolist's quantity-setting strategies. This two-period model reveals that the presence 

of network economies increases prices in both periods. Thus, the monopolist's profits 

increase relative to a model without network economies. Finally, I discuss how the 

combination of durability and network economies affect investment in incompatible 

product upgrades. When network economies exist, a firm must anticipate the 

interdependencies and uncertainties that exist among consumers. Thus, if sufficient 

demand for product quality exists relative to demand for network benefits, diffusion of 

the innovation should occur. 
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4. INTRODUCTION 

4.1 BACKGROUND 

This dissertation research examines firm investment behavior within industries that 

are characterized by network economies. That is, industries in which the value of a 

product to consumers is increasing in the number of other consumers that purchase 

compatible products. Network economies can be categorized as direct networks or 

indirect networks. 

The telecommunications industry is a classic industry that is characterized by 

direct network economies. The value that a consumer places on a telephone increases 

with the number of people that he/she can call. That is, the number of other consumers 

that have purchased compatible telephones. However, indirect network economies can 

be generated through compatible complementary products. For example, the value a 

consumer places on a compact disc (CD) player also increases with the number of other 

consumers that purchase compatible CD players. Unlike the telephone example, 

consumers of CD players do not wish to directly interact with one another. However, 

as a larger number of consumers purchase compatible CD players, the availability of 

compatible CD recordings increases. 

The problem that I analyze is the impact of indirect and direct networks on the 

adoption of innovative technologies. When networks are present an incumbent 

technology has an advantage over an entrant, due to the value consumers place on an 

installed network of compatibility. This network can create a barrier to entry for the 
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innovation. 

Several models have been developed to investigate the questions associated with 

the investment in new technologies in the presence of network externalities (Farrell & 

Saloner [1985,1986], Katz & Shapiro [1985,1986]). These studies have found causal 

relationships between market characteristics and the adoption of innovations and have 

revealed possible adoption equilibria. In the literature there exist conflicting views on 

the impact of networks on adoption of industry standards. Arthur [1989] and David 

[1985] find that inefficient technologies can get locked in due to historical happenstance. 

While, Margolis & Liebowitz [1990,1991] stress that if sufficient gains from adoption 

of an innovative technology exist, these gains will be exploited and the inefficient 

technology will not survive. 

This dissertation extends the existing literature on networks and innovation to 

investigate two areas that have previously been neglected. I analyze indirect network 

economies by investigating the ability of firms, producing complementary products, to 

coordinate investment decisions over time. I also investigate direct network economies 

within a durable goods model to determine the influence of network economies on firm 

behavior. These extensions to the existing literature provide an insight into investment 

strategies when networks exist. 

Within industries characterized by indirect networks, strategic interdependencies 

exist as firms, who produce complementary products, invest in innovative technologies. 

Diffusion of innovations requires coordination, so that a new product might appear on 
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the market accompanied by a minimal network of compatible complementary products. 

In this dissertation game theoretic techniques are used to model this coordination process 

as it evolves over time. Experimental methods are used to test the predictions of 

theoretical models. Laboratory experiments permit an examination of evolutionary 

characteristics of the adoption path of an innovation, within an environment that holds 

everything else constant. Economic experiments also provide a means to test theoretical 

predictions in a low cost environment. 

The existing experimental literature on Coordination Games tinds that in a two 

player, one-shot, complete information environment the Pareto-dominant Nash 

equilibrium (PDNE) is not focal (Cooper, Dejong, Forsythe and Ross [1990], Straub 

[1990]). However, with limited repetition with the same opponent subjects converge 

toward the PDNE. Within these same games an increase in the number of players 

decreases the ability of players to play PDNE (Van Huyck, Battalio and Beil [1990]). 

Yet, one-shot games do not accurately capture the underlying economic problem of 

investment in innovative technology. The game theoretic model of this research 

investigates Nash equilibrium strategy paths within a time-dependent multi-stage 

coordination game. Time dependency of the game is achieved by allowing the game to 

evolve dependent upon firm decisions. Within this setting there exist multiple Nash 

equilibrium strategy paths which can be Pareto ranked. To determine if observed 

behavior is consistent with Nash refinements of selection among Pareto-rankable Nash 

equilibrium strategy paths, economic experiments were conducted at the University of 
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Arizona. 

The experimental data reveals that in a time-dependent multi-stage coordination 

game, subjects are unable to focus on the PONE strategy path. However, given 

repetition of the entire multi-stage game subjects converge toward it. Comparing subject 

behavior in environments with varying levels of strategic uncertainty indicates that the 

level of strategic uncertainty is inversely related to the ability to coordinate on the PONE 

strategy path. Also, the observed behavior shows that a higher cost of exiting the 

existing technology decreases the level of coordination on the PONE strategy path. 

Often when examples are given to explain adoption of innovations in the presence 

of network economies durable products are cited (eg. cellular telephones and computers). 

However, throughout the standards and network literature, models seldom maintain 

durability. In this dissertation, the strategies of a firm producing a durable product in 

the presence of network benetits are analyzed. I investigate the impact of direct network 

economies on a single durable goods model. This two-period model reveals that the 

equilibrium prices will be higher in period one and period two. Thus, a durable goods 

monopolist is able to achieve higher profits within a model that exhibits network 

economies than without. Finally, I discuss how the combination of durability and 

network economies can affect investment in innovative technologies. The purpose of this 

study is to determine the industry characteristics that impact innovative investment, 

specifically, how firms must trade off network benefits for quality, and vis versa. 

In many industries, innovative technologies have been developed, yet have failed 
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to be diffused on the market. The importance of this research is to better understand the 

industry characteristics that influence the adoption of innovative technologies. With this 

understanding it may be possible to aid the adoption of technologies that will enhance 

social welfare. 

4.2 NETWORK EXTERNALITY LITERATURE 

In the late 1980's Farrell and Saloner embarked on a research program to 

investigate the adoption of innovations in the presence of network externalities. Initially, 

they examined a simple static model, in which all users of a technology have sequential 

opportunities to adopt an innovative technology. The payoff to each user is strictly 

contingent on the number of other users that have adopted the technology. This model 

assumes that all users are identical. Given complete information, the model has a 

unique equilibrium in which all users adopt the Pareto-dominant technology. That is, if 

all users benefit from switching to the innovative technology then all switch, otherwise 

no one switches. However, in the absence of complete information, uncertainty exists 

about user preferences. Incorporating uncertainty, the model has a symmetric 

bandwagon equilibrium. In this model there exist the possibility of inertia, a socially 

excessive reluctance to move to the new standard, if no one will switch first. Adding 

communication to this model eliminates inertia if user preferences coincide, yet increases 

inertia if preferences differ (Farrell and Saloner [1985]). 

To incorporate a time factor into the model, Farrell and Saloner [1986] model the 
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adoption process in a dynamic setting. In this model users arrive at the market 

sequentially according to a Poisson distribution. Upon arrival they are given the 

opportunity to adopt or not. If they fail to adopt they have to wait until they are again 

given the opportunity to adopt. In such a framework, timing of adoption is essential. 

If a user is given the first opportunity to adopt and declines, the user must wait until 

another opportunity arises. Thus, if a second user adopts, the first cannot join the new 

technology instantaneously. This feature of the model introduces uncertainty relative to 

the length of the period of incompatibility. 

In such a model, users would have to determine if they prefer leading the industry 

into the new technology or following. This model also incorporates the concept of an 

installed base advantage to one technology. Thus, leaders in an industry must incur the 

cost of incompatibility in a technology without an existing network, while followers must 

suffer a second mover disadvantage when the industry develops. Farrell and Saloner 

[1986] find that if an installed base exists and transition to the new technology is 

sequential, early adopters tend to uear a disproportionate share of the transient 

incompatibility costs. This feature can cause excess inertia, however if an innovative 

technology is adopted, users in the old standard become stranded. The fear of being 

stranded in the old base of compatibility can cause excess momentum in the adoption. 

Such momentum may not be socially optimal. In this model two equilibria outcomes are 

predicted: adopt at the first opportunity if you believe all other users will adopt, or never 

adopt if you believe all other users will not adopt. Within this model, Farrell and 
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Saloner find that possible inertia can be eliminated through product preannouncement, 

which helps establish a base for the innovation. Moreover, predatory pricing is a means 

to reinforce an existing base and thus eliminate excess momentum of adoption (Farrell 

and Saloner [1986]). 

In a 1988 study Farrell and Saloner investigate the use of committees as an 

alternative to a sequential move market. In their previous market model they have found 

cases in which excess inertia exists due to no clear leader to begin the bandwagon. 

Committees allow for explicit communication and thus prevent incompatibility. 

However, if preferences differ committees are subject to time delays. Although they find 

that committees out perform bandwagons, a committee will not decide until a deadline 

approaches. Thus as the length of the deadline approaches infinity, bandwagons and 

committees produce similar outcomes (Farrell and Saloner [1988]). 

During this same period of time Katz and Shapiro were also investigating the 

issue of adoption of technology in the presence of consumer externalities. Katz and 

Shapiro [1985] utilize a static adoption model that is controlled by consumer 

expectations. Assuming consumer expectations are fulfilled, Katz and Shapiro find that 

if consumers expect a firm to dominate, the consumers are willing to pay more for the 

firm's product and the firm will ultimately dominate. Within this model firms decide to 

be compatible or incompatible. With consumer expectations driving the model, the 

model implies that firms with good reputations tend to be against compatibility, while 

small firms tend to favor compatibility. In this model II good reputations II refers to the 
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amount of confidence consumers have in the firm's ability to dominate a market. This 

model exhibits a free rider problem (Katz and Shapiro [1985]). 

Katz and Shapiro [1986a] attempt to capture the dynamics of an industry with 

consumer externalities in a three-period model. In the first period of the model firms 

select compatible or incompatible, followed by two periods of competitive pricing. In 

the two pricing periods, the firms are assumed to confront two unique groups of 

consumers. Katz and Shapiro establish that in an industry in which firms are symmetric, 

there are collective incentives for compatibility, which tends to decrease competition. 

However, in industries that are established, firms have incentives not to be compatible 

because compatibility would increase competition. Moreover, when consumers are 

presented with compatibility among all firms, they will purchase from the lowest priced 

firm and all consumers will be in a compatible technology. In this model, second period 

consumers do not consider the impacts of their decisions on first period consumers. 

Thus, adoption is biased toward the technology with the lowest second period cost. Yet, 

when incompatibility exists, consumers must consider what other consumers will choose 

and whether bandwagons will form (Katz and Shapiro [1986a]). 

Katz and Shapiro [1986b] investigate the impact of ownership of technology on 

a two-period price competition model. Because sponsorship or ownership can prevent 

free entry, the best outcome is not always achieved. If one technology is sponsored and 

the other is not, a bias exists in favor of the sponsored technology. If both technologies 

are sponsored then the technology with lower second period cost will dominate (Katz and 
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Shapiro [1986b]). 

In a 1988 model Arthur attempts to investigate the evolutionary character of 

competition between two technologies. In this model, two technologies, which are 

characterized by increasing returns to adoption, compete in a simple dynamic 

environment. Economic agents in the model have preconceived preferences for one of 

the two technologies. As agents randomly enter the market and adopt a given 

technology, a network begins to form. An agent's adoption decision is contingent upon 

initial preferences and the number of agents that have adopted each technology prior to 

their chance to select. This model exhibits multiple unpredictable equilibrium outcomes, 

possible inefficiencies, path dependencies and lock-ins. As Arthur states, "a technology 

that by chance gains an early lead in adoption may eventually 'corner the market' of 

potential adopters, with the other technology becoming locked out." This unpredictable 

adoption process is driven by random historical occurrences. The unpredictability of 

equilibria provides the potential for ultimate inefficiencies because increasing returns to 

adoption tend to magnify random events (Arthur [1989]). Arthur also finds that the 

ability to exit from a "locked in" standard is dependent on the degree to which the 

advantages accrued by one equilibrium are reversible or transferable to an alternative 

(Arthur [1989]). 

A historical study by David [1985] supports Arthur's model, in which an inferior 

technology gets locked in due to a historical dynamic process. Investigating the history 

of the current QWERTY keyboard standard, David concludes that path dependence has 
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locked in this arrangement, even though a "superior" standard is known to exist, the 

DVORAK standard. David claims that technical interrelatedness, economies of scale and 

quasi-irreversibility of investment have locked the economy into this inefficient standard 

(David [1985]). 

Liebowitz and Margolis [1990] present evidence that the QWERTY keyboard 

standard may not be as inefficient as presented by David [1985]. Liebowitz and Margolis 

present evidence that QWERTY survived early challengers, as well as evidence that 

questions David's evidence that the DVORAK standard is in fact superior. Liebowitz 

and Margolis find that given a quality gap between two standards, someone will find a 

way to internalize the externality utilizing tactics to share the cost of switching. Their 

paper counters the theory that QWERTY prevailed due to path dependence and suggests 

that the prevalence of an inferior standard is short-lived and fictitious (Liebowitz and 

Margolis [1990]). 

In [1991 a] Liebowitz and Margolis model standard selection by consumers. 

Differing from previous studies, in this model consumer choice is a function of the share 

of the market that a technology has at a given point in time. The measure of market 

share is a function of both stock and change in stock over time. Liebowitz and Margolis 

find that externalities are not a problem of standards. The equilibria of this model 

include an either or equilibrium, as well as a mixed format equilibrium, dependent on 

the slope of the net value curve. Liebowitz and Margolis find that although it is possible 

for an economy to get stuck on an inferior standard, "it is far more easily evaded." That 
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is, for an economy to get stuck there must be no possible way to exploit the benefits that 

a "superior" technology offers over an "inferior" standard (Liebowitz and Margolis 

[199IaD· 

In [1991b] Liebowitz and Margolis distinguish between indirect and direct 

network externalities. In a direct network externality setting Liebowitz and Margolis find 

that the network is actually a public good. Thus, the externality can be internalized 

through ownership. However, if ownership is not possible market failure can occur, due 

to the network being too small relative to a desirable level. Investigating indirect 

network externalities, Liebowitz and Margolis find that if the network externality is a 

technical externality upstream it will be internalized upstream and results in no 

externality downstream. Thus there is no market failure and the word "externality" can 

prompt improper policy responses (Liebowitz and Margolis [1991 b]). 

When a firm decides to adopt an innovation, it seldom abandons the existing 

technology immediately. An innovation is often phased in over a period as the existing 

technology is gradually replaced (eg. fiber optic telecommunication networks). Diffusion 

of technology over time tends to have an S-shaped path (Mansfield [1968]). That is, in 

the initial periods, adoption tends to be characterized by excess inertia as individuals 

must sacrifice network benefits. However, after a period of growth, a new network is 

formed and the diffusion gains excess momentum until the entire industry has adopted 

the technology. To understand the adoption process in the presence of network 

externalities, it is necessary to ascertain the evolutionary adoption path. 
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4.3 NETWORK EXTERNALITIES AND STANDARD SETTING 

When network externalities are present in an industry there may be gains 

associated with technical standards. The positive benefits that exist as consumers 

purchase compatible technologies can be enhanced by having only one standard of 

compatibility. Technological standards can be established by government, standard 

organizations or dominant t1rms within an industry. Standards provide consumers with 

information, as well as efficiency benefits of compatibility and safety certification. 

However, set standards have the potential to restrict products from entering the market, 

facilitate price fixing and deny consumers product choice and the benefits of innovations. 

When a government agency decides to set an industry standard it is often justified 

because of the gains associated with technological compatibility. However, the agency 

must realize that the choice among technological standards is extremely difficult. There 

are benefits associated with each competing standard and the agency decision must be 

based on the social gains rather than special interests. Moreover, when technical 

standards are established by a government agency, the choice of the "right" standard can 

come into question. As with all government decisions, there exists a bureaucracy of 

procedures that must be adhered to. Therefore, standard setting by a centralized 

authority can be subject to time delays. In a global economy such delays can put U.S 

industry at a disadvantage if foreign industries enter the market first. If however, 

standards are continuing to compete and evolve prior to the government agency's 

decision then the U.S. industry can be at advantage if it sets a superior standard of 
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compatibility. It is evident that there exist benefits as well as costs of centralized 

standard setting. 

4.3.1 DOMINANT FIRM STANDARD SETTING 

Standards of technological compatibility can be set by industry leaders. In such 

situations, competitors within an industry may elect to adopt the technology of the 

dominant tirm in order to maintain a network of compatibility throughout the industry. 

These standards are important within an industry because they provide positive 

externalities, increased user welfare and decrease costs. However, the setting of such 

standards can promote collusion on a standard to obtain and maintain market power. 

Moreover, there exists the risk of establishing the "wrong" standard (Braunstein [1985]). 

Once a network of compatibility has been established, changes in the standard of 

compatibility by the industry leader can be viewed as an attempt to monopolize the 

market. In cases involving standards setting by market leaders it is necessary to 

determine if product changes or innovations represent honest advances in a field or 

attempts to change the technological standard to stunt competition (Givens [1983]). 

In cases where new incompatible products are introduced by a dominant firm 

these introductions have been challenged for allegedly attempting to monopolize the 

market by changing industry standards. Such actions are alleged to be in violation of 

Section 2 of the Sherman Act. "Antitrust laws were enacted for the protection of 

competition, not to protect competitors. Accordingly, the plaintiff must demonstrate that 
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the defendant's conduct was intended to or did have some anti-competitive effect beyond 

his own loss of business or the market's loss of a competitor. Moreover, it is not 

sufficient for an antitrust plaintiff to allege an indirect ripple effect" (Stelzer [1986]). 

Although antitrust concerns exist, the courts have acknowledged the importance 

of innovation by not penalizing what may be considered honest industrial activity. That 

is, the courts have consistently taken the position that innovations by a monopolist will 

not constitute a violation of Section 2 without additional elements of anti-competitive 

conduct. In 1979 California Computer Inc alleged that IBM, the dominant firm in the 

industry, made design changes and undertook price cuts that prevented Caicomp from 

successfully competing in the market. (CALIFORNIA COMPUTER PRODUCTS INC., 

ET AL v. INTERNATIONAL BUSINESS MACHINE CORP. [1979]). The court 

determined: 

The evidence at the trial was uncontroverted that integration was a cost
saving step, consistent with industry trends, which enabled IBM 
effectively to reduce prices for equivalent functions... IBM, assuming it 
was a monopolist, had the right to redesign products to make them more 
attractive to buyers- whether by reason of lower manufacturing costs and 
price or improved performance. It was under no duty to help Caicomp 
or other peripheral equipment manufactures survive or expand (Stelzer 
[1986]). 

Like IBM, Eastman Kodak company was viewed as a leader in its industry. 

Throughout the 1960's Kodak followed a pattern of predisclosure of its technology to 

allow competitors in the film processing market to meet consumer demand. Kodak 

decided to simultaneously introduce its Kodacolor II film and the 110 system, without 
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providing competitors with advanced notice. In 1980, Berkey Photo Inc, a competitor 

in the photo finishing market, alleged that the introduction of the 110 system by Kodak 

was an attempt to monopolize and establish an actual monopoly of the amateur camera 

market in violation of Sections 1 and 2 of the Sherman Act (BERKEY PHOTO INC. v. 

EASTMAN KODAK COMPANY). Because Kodak chose not to predisclose the 110 

technology, Kodak was the only photo finishing supplier for the new film. 

The courts held that Kodak was not obligated by law to predisclose 110 system 

technology. As relayed by Stelzer: 

... a firm may normally keep its innovations secret from its rivals as long 
as it wishes. forcing them to catch up on the strength of their own efforts 
after the new product is introduced ... Withholding from others advance 
knowledge of one's new products, therefore, ordinarily constitutes valid 
competitive conduct. Because, as we have already indicated, a monopolist 
is permitted, and indeed encouraged, by Section 2 to compete aggressively 
on the merits, any success that it may achieve through "the process of 
invention and innovation" is clearly tolerated by the antitrust laws ... 
(Stelzer [1986]). 

In 1983 another case was filed against IBM. In this case, Transamerica Computer 

Co. alleged that IBM implemented four design changes intended solely to drive plug 

compatible manufacturers out of business (TRANSAMERICA COMPUTER COMPANY 

v. INTERNATIONAL BUSINESS MACHINE CORP.). The court ruled on the four 

design changes separately. 

The court held that design change 1 resulted in a superior product and was thus 

not anti-competitive and design change 2 was small and insignificant to PCMs. 

Regarding design change 3, the court held that IBM's predominant intent was to preclude 
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or delay competition and gain a competitive advantage over PCMs. Yet, IBM was not 

in violation because the product had superior characteristics and had no great impact on 

competition. 

Regarding design change 4, the court found that IBM deliberately degraded 

system performance for the sole purpose to preclude competition. Thus, if IBM held 

monopoly power in the relevant market for peripherals then IBM was in violation of 

section 2 of the Sherman Act. In the final design change the jury was hung and the 

judge ruled for IBM. The court applied the following standard: 

If the design choice is unreasonably restrictive of competition, the 
monopolist's conduct violates the Sherman Act. This standard will allow 
the factfinder to consider the effects of the design on competitors; the 
effects of the design on consumers; the degree to which the design was the 
product of desirable technological creativity; and the monopolist's intent, 
since a contemporaneous evaluation by the actor should be helpful to the 
factfinder in determining the effects of a technological change (N.60 supra 
481 F.). 

In cases in which standards are established by industry leaders, there exists the 

potential for the dominant firm to attempt to monopolize a market through changes in 

compatibility standards. The dominant firm, who establishes the technological standard, 

has the market position which enables it to alter the standards to achieve increased 

market power. Once a dominant firm alters the standard of compatibility there is a lag 

period of monopolization before competitors can make the necessary changes in their 

products. However, the courts have consistently held that if design changes of a 

dominant firm introduce any beneficial qualities to the product in question the design 
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change does not violate the Sherman Act. That is, the courts' rulings have found in 

favor of technological advances. The courts have established that innovation is important 

to competition and is not a violation of the antitrust laws. 

4.3.2 TRADE ASSOCIATION STANDARD SETTING 

Standards can be set by trade associations, as well as by industry leaders. There 

exist approximately four hundred standard-setting organizations or trade associations 

which set over thirty two thousand standards in the United States (Goldenberg [1983]). 

Such organizations set exclusionary standards of compatibility to provide safety and 

quality standards above state guidelines. These provide consumers with additional 

information. However, when competitors within an industry come together through 

standard organizations there is the potential for anti-competitive behavior. The horizontal 

agreements among competitors concerning products introduces the concern over whether 

actions initiated are designed to provide security and information or to raise barriers 

against rivals. 

Cases which allege antitrust violations by standard-setting organizations are 

usually brought as violations to Sections I and 2 of the Sherman Act. The courts have 

utilized the rule of reason analysis to determine if conduct by a group is anti-competitive. 

Within the rule of reason framework the plaintiff must bear the initial burden of coming 

forward with evidence to establish that the restraint in question has potential anti

competitive effects. Such anti-competitive effects include: price fixing, allocation 
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limitations, and entry barriers against non-conforming products. The most widely used 

defenses include: protection of the public, providing consumer information, and the 

efficiencies of compatibility (Goldenberg [1983]). 

In a 1961 case, RADIANT BURNERS INC. v. PEOPLES GAS LIGHT & COKE 

CO., Radiant Burners Inc. alleged that the American Gas Association (AGA) and several 

of its members had successfully excluded their product from the market, constituting a 

group boycott. The Supreme Court has found group boycott to be per se illegal, yet has 

moved toward a rule of reason analysis when restraints have plausible efficiency 

justifications (Goldenberg [1983]). In the Radiant Burners Inc. case the court held that 

AGA arbitrarily withheld certification of the Radiant Burners Inc. product and stated a 

cause of action under the Sherman Act as a group boycott. The court also held that 

unreasonable standards activities can constitute an illegal group boycott. 

In 1982 Hydrolevel corporation, manufacturer of an innovative "low fuel cut-off" 

device, alleged that the ASME, M&M Inc., and Hartford Steam Boilers were in violation 

of Sections 1 and 2 of the Sherman Act (AMERICAN SOCIETY OF MECHANICAL 

ENGINEERS INC. v. HYDROLEVEL CORP.). The American Society of Mechanical 

Engineers Inc. publishes over 400 codes and standards. Although the codes are 

established as advisory, federal regulations have incorporated many of them by reference, 

as have many states and cities. Thus, the ability of products to meet ASME standards 

has a great impact on their success in the market. The president of Hartford Steam 

Boilers was the chairman of the subcommittee that sets boiler and pressure vessel codes 
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and the vice chair was the vice president of M&M, the firm which currently dominated 

the market for "low fuel cut-off devices". Itt (acquired by M&M) and Hartford settled 

and the lawsuit proceeded against ASME. The court held that AS ME was guilty and had 

to pay treble damages. The court held that: 

... standard-setting organizations may be held liable for the acts of their 
agents even though the organization never ratified, authorized, or derived 
any benefit whatsoever from the fraudulent activity of the agent and even 
though the agent acted solely for his private employer's gain (456 U.S. 
p.579). 

Another case that questioned the standard setting actions of a trade association was 

brought against the National Fire Protection Association (NFPA). The NFPA establishes 

National electrical codes which set requirements for design and installation of electrical 

wiring systems. Throughout the relevant period, code allowed for electrical conduits to 

be made of steel. Indian Head Inc. was a manufacturer of plastic electrical conduit and 

initiated a proposal to amend the NFPA code. The proposal was eventually denied. 

Indian Head Inc. brought suit alleging that Allied and others had unreasonably 

restrained trade in the electrical conduit market in violation of Section I of the Sherman 

Act (ALLIED TUBE AND CONDUIT CORP. v. INDIAN HEAD INC.). The jury 

found Allied liable, but the court granted a judgement of n.o. v. for Allied. That is, the 

judge overturned the jury's verdict reasoning that Allied was entitled to antitrust 

immunity under the doctrine of Eastern Railroad Presidents Conference v. Noerr Motor 

Freight Inc., 365 U. S. 127. The Court of Appeals reversed the ruling. The Appeals 

Court held that Noerr antitrust immunity does not apply to Allied reasoning: 
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... the relevant context is the standard-setting process of a private 
association without official authority that includes members having 
horizontal and vertical business relations and economic incentives to 
restrain competition. Such an association cannot be treated as a "quasi
legislative" body simply because legislatures routinely adopt its Code (486 
U.S. p.II). 

Trade associations and standard organizations are advised by the courts to set 

procedural guidelines for actions that affect the competitive validity of all members 

involved in setting industry standards. In order to avoid antitrust scrutiny, groups must 

be careful to insure that everyone within the industry who will be impacted by a standard 

has input in standard decisions. Failure to give all interested parties full consideration 

increases the risk of antitrust violations arising (Givens [1983]). Although there exist no 

criteria for governing antitrust violations in the area of standards, past cases provide a 

guideline by which alleged antitrust violations are adjudicated on a case by case basis. 

In industries characterized by network economies standards can be very beneficial 

to consumers. Thus, the existence of standards organizations is not illegal, and often 

encouraged. The legislatures look toward these groups to set standards of safety and 

provide consumer information. However, as presented above, these organizations should 

not go unchecked. Such gatherings of competitors can provide an atmosphere for anti-

competitive behavior. The courts have held that these organizations must be accountable 

for their actions, as well as the actions of their members. 

This dissertation is concerned with the ability of firms to invest in innovative 

technologies in the presence of network economies. When indirect network economies 
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are present, consumer demand is contingent on the availability of compatible 

complementary products. Thus, it is important that firms who produce complementary 

products are able to coordinate investment. Within such industries standardization can 

be viewed as a "solution" to the coordination problem. Yet, from the presentation above 

it is apparent that, although standard setting guarantees the benefits of compatibility 

among all industry products, standardization is not without costs. Chapters five and six 

of this dissertation investigate the ability of firms, who produce complementary products, 

to coordinate investment in innovative technologies without directly setting industry 

standards. This model allows symmetric firms to select levels of investment 

simultaneously, without communication. Due to the symmetry and simultaneity imposed 

by the model, there is no reason for one firm to have a perceived dominant position. 

Moreover, the absence of communication ensures that "trade associations" do not form 

to collaborate on standards of compatibility. 
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5.1 INTRODUCTION 
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This study investigates the incentives and ability of producers of complementary 

products to coordinate investment decisions. I examine the investment in new technology 

by complementary firms as a two-person, multi-stage, normal form, time··dependent, 

coordination game. This design is consistent with the empirical observation that 

investment in innovative technology is an evolutionary process. 

Although firms possess the technology to develop innovative products, diffusion 

of these products often involves varying levels of investment coordination. Products that 

penetrate a market acquire a support network of compatible complementary products, 

which create barriers to entry for new products. For example, the demand for a faster 

more efficient computer processing unit (CPU) has prompted CPU manufactures to 

develop new machines. However, the new designs are often incompatible with the 

existing available software. Although these CPU's represent advances, their market 

demand is influenced by the availability of compatible software upgrades. Moreover, the 

availability of compatible software for the faster CPUs is retarded by the reluctance of 

consumers to abandon the existing network of compatibility that the existing CPUs 

maintain. Thus, investment in a new technology characterized by indirect network 

economies requires coordination among the producers of complementary products. 

Indirect network economies can be generated through the benefits of compatibility 

among complementary products, the value of which is specific to the existing technology. 
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Although an innovation may possess superior quality, performance or social desirability, 

the absence of an existing compatible network can deter the adoption of products by 

consumers, who place a positive valuation on the installed network. Even in the 

presence of industry standards, it is necessary for firms to coordinate investment 

strategies so that a new product appears on the market accompanied by a minimal 

network of compatible complementary products, enticing consumer demand. 

To achieve a profit-maximizing time path of investment, firms must take into 

account the strategies of other firms. In addition, firms must keep in mind both the 

benefits of an installed base of existing compatibility and the long term benefits of 

innovative technological advances. Coordination among producers of complementary 

products introduces strategic interdependencies into the evolutionary process of adopting 

a new technology. This complexity is difficult to capture in an equilibrium analysis, 

suggesting the need for a dynamic game theoretic approach. Specitically, coordination 

games maintain the feature of complementarity among firms' decisions. 

I model the investment process as a two-person version of a time-dependent multi

stage coordination game (MSCG). The parameterization of this model defines three 

rankable Nash eqUilibrium strategy paths, with a unique Pareto-dominant Nash 

equilibrium (PDNE) strategy path. This research investigates the ability of two firms to 

coordinate investment decisions over a finite time horizon. Moreover, the 

parameterization maintains an initial advantage to the existing technology, as well as a 

dominating superiority to the innovation if successfully adopted. 
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The parameterization of this model captures several of the features observed in 

the market diffusion of the compact disc technology. For years the record player and the 

record held a dominant position in the sound reproduction market. In the late 1970's the 

compact disc (CD) technology was developed. Although the CD and the CD player 

provide consumers with superior sound quality, the record and record player maintained 

an extensive installed network of compatibility. Because the electronics industry and the 

recording industry were not vertically integrated, the diffusion of this high quality 

substitute was contingent on successful coordination of investment among the two 

industries. The electronics industry had to move resources away from the production of 

record players and into production of CD players. At the same time, the recording 

industry had to move resources away from production of records and into the production 

of CDs. The diffusion of the CD player and the CD represents a time-dependent 

coordination process. 

5.2 COORDINATION GAME MODEL 

The model I investigate is a two-player, six-stage coordination game which 

evolves according to agents' actions. This extension of the coordination game literature 

models the evolutionary quality that characterizes the investment in technology by 

producers of complementary products. This model assumes that the complementary 

products are patented and, therefore, produced by a monopolist. Each firm is confronted 

with an available innovative technology, which by assumption is not perfectly compatible 
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with the existing technology. Since the innovative product represents a substitute for the 

firm's existing product, the firm must determine the level of resources to invest in new 

technology. The firm must also be aware that, although there exists a network of 

complementary products in the existing technology, the level of investment in the 

innovation by the other tirm is uncertain. 

Coordination of investment decisions among producers of complementary products 

can be captured through the use of coordination games, which exhibit complementarity 

between participants' actions. That is, the marginal payoff for each economic agent is 

increasing in the other agent's action. Since tirms interact over time, one-shot games do 

not represent the underlying economic problem. A multi-stage environment is more 

appropriate. Time dependence is captured by having the structure of the payoffs in stage 

t be contingent upon the combined strategy choices of all agents in stage t-l. The game 

evolves as agents make decisions over the six-stage time horizon. 

This model makes several assumptions. For tractability I assume there are only 

two firms. Each firm's strategy set for period t, So is a subset of S = {Action 1, Action 

2, Action 3}, dependent upon the structure of the game in each stage. The three action 

choices represent three discrete levels of investment. Discrete investment was chosen 

for tractability. Let action 1 represent continuing to invest in the established technology, 

while action 3 represents investing in the innovative technology. Action 2 is the 

equivalent of dividing resources to invest in both. The assumption is made that a firm 

is unable to immediately jump from the existing technology to the innovation; the firm 
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must invest in both technologies for at least one stage. Demand for complementary 

products is contingent on availability of both products, to be consumed in some ratio. 

Thus, this assumption provides that demand for one product does not immediately 

disappear. Therefore, in stage one firms have only two available action choices. This 

model makes a restrictive assumption that agents have complete information regarding 

the payoffs associated with all paths of adoption. 

The normal form parameterizations of the coordination games in this study 

maintain two key features of the adoption model. First, there exists an installed base 

advantage for the existing technology. That is, in the first stage of the games, agents' 

highest payoff is generated by action choice I; moving no resources to the new 

technology. Thus, the Nash equilibrium for agents who cannot view beyond the initial 

stage game is to play action I for the entire game. 

In many instances of technological adoption in the presence of network economies 

there is an initial cost of moving away from the old technology, such as the loss of the 

positive network economies that exist for the installed technology. Moreover, for a 

technology that is characterized by indirect network economies the benefits of the new 

technology are not immediately realized. For example, when the CD technology was 

initially introduced, the selection of recordings on CDs was very limited and the price 

of CDs was significantly higher than records. The payoff matrix captures these initial 

costs of adoption. 

However, because both agents can view the subsequent stages of the games that 
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result when action choices 2 and 3 are played, it becomes clear that their payoffs will 

increase if they move away from strategy 1. The path of adoption is directly determined 

by individuals' ability to coordinate their investment decisions over a six-period time 

horizon. 

Secondly, the payoff matrix design asserts an innate advantage for the innovation, 

if successfully adopted, over the old technology, ego superior quality, performance, or 

social desirability. It was well established that the CD technology was superior to the 

record technology. However, the full benefits were not realized until the selection of 

recordings increased and the costs began to fall. This advantage to the innovation occurs 

over time as in a decreasing cost industry; the higher the level of investment the lower 

the cost. Therefore, if the firms are able to coordinate investment toward the 

innovation, {action 2 or action 3}, their long-term payoffs will greatly exceed the long

term payoffs associated with staying in the existing technology, action 1. 

This study models four variations of a time dependent MSCG. Games 1, 2, 3, 

and 4 are parameterized in Figures 1, 2, 3, and 4 respectively. These four games all 

have multiple Nash equilibrium strategy paths which can be Pareto ranked. The PDNE 

strategy path for all four games is the same. The first game represents investment 

assumed to be irreversible. In Game 1 once a firm has moved some resources to 

production in the new technology, selecting action choice 2, it is committed to the 

innovation and cannot disinvest (See Figure 1). This feature of the game is 

representative of an industry where there exist irreversible investments in specialized 
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FIGURE 1: GAME 1 
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equipment or assets. In this design, firms can move alone and signal to orie another that 

they are committing to investment in the innovation. For example, if Row chooses 

action 2 in payoff Table 1 (See Figure 1) and Column chooses action 1, then Row's 

strategy set no longer contains action 1. Thus Row is committed to some level of 

investment in the innovation for the subsequent periods of the game. This game design 

should aid the adoption path toward the innovative technology. 

Game 2 is a slight variation of Game 1, allowing firms to reverse investment 

decisions. In Game 2, if a firm moves resources into the production of the innovation 

in stage 1, selecting action 2, the firm is permitted to move all resources back to the old 

technology in stage 2 (See Figure 2); action 1 is still in their strategy set. This is a case 

such that without a network of compatible complementary products a firm may be better 

off returning to the old technology if coordination in the innovation is not successful. 

This model maintains a higher level of strategic uncertainty, as more options are 

available to firms at any point in time. 

To evaluate the theoretical predictions of Game 1, I examine the extensive form 

of the game. Beginning in period six, I found the Nash equilibrium pure strategies if an 

agent were to end up in each of the nine tables in period six (See Figure 1). Assuming 

that both agents playa Nash strategy at each sub-game in the tree, the Nash eqUilibrium 

strategy paths can be determined by solving the game recursively. Coordination Game 

1 has three rankable Nash equilibrium strategy paths. 
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(See the extensive form in Appendix A). They are as follows: 

A) Period 1 (Rl,Cl) - Table 1; Period 2 (R2,C2) - Table 1; 

Period 3 (R3,C3)- Table 4; Periods 4, 5 & 6 (R3,C3) -

Table 9. This path results in a payoff (1185,1185). 

B) Period 1 (R2,C2) - Table 1; Period 2 (R2,C2) - Table 4; 

Period 3 (R3,C3) - Table 4; Periods 4,5 & 6 (R3,C3) -

Table 9. This path results in a payoff (1260,1260). 

C) Period 1 (R2,C2) - Table 1; Period 2 (R3,C3) - Table 4; 

Period 3, 4, 5, & 6 (R3,C3) - Table 9. This path results 

in a payoff (1385,1385). 
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Notice that to obtain the Nash equilibrium strategy paths, dominated Nash strategies were 

not eliminated, thus there are multiple Nash equilibrium strategy paths. If agents are able 

to coordinate on the Pareto-dominant path their final payoff would be (1385,1385). This 

payoff indicates that agents have the foresight to look beyond the initial stage game. If 

agents look forward, the desired path is to move to payoff Table 9 of Figure 1 as quickly 

as possible. The agents' ability to coordinate toward payoff Table 9 will be referred to 

as a cooperative strategy; arrival at payoff Table 9 indicates adoption. If this strategy 

is indeed apparent, a focal path would be the PDNE strategy path in C. It is important 
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to note that to achieve this path the agents must play strategies which are not Nash 

strategies within the initial stage games. If the agents are unable to look beyond the 

initial stage game, the agents will select action 1 for all six stages of the game, resulting 

in coordination failure. 

An evaluation of the extensive form of Game 2 reveals that strategy path C above 

is also the PONE strategy path. However, due to the increase in complexity and 

strategic uncertainty of Game 2 it is not possible to identify all possible dominated Nash 

equilibrium strategy paths. In Game 2 the payoff parameterization is an extension of 

Game 1 (See Figure 2). The extension exhibits an increased number of strategy choices 

for agents. Because utilizing any of these new options will only result in a decrease in 

payoff, it can be inferred that the three Nash equilibrium strategy paths that exist for 

Game 1 are also equilibria for Game 2. However, Game 2 may possess other 

dominated equilibria. 

It is possible to alter the parameterization of Games 1 and 2 to increase the 

advantage given to the installed technology. Game 3 is a variation of Game 1 which 

increases the cost associated with moving resources away from the installed technology 

(See Figure 3). However, there is no change in the benefits of ultimately adopting the 

innovation. Utilizing the extensive form of the game, I solved recursively for the Nash 

equilibrium strategy paths. Coordination Game 3 has three rankable Nash equilibrium 

strategy paths (See the extensive form in Appendix B). 
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FIGURE 3 GAME 3 
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They are as follows: 

A) Period 1 (Rl,C2) - Table 1; Period 2 (R2,C3) - Table 2; 

Period 3 (R3,C3)- Table 6; Periods 4, 5 & 6 (R3,C3) -

Table 9. This path results in a payoff (1185,1120). 

B) Period 1 (R2,C 1) - Table 1; Period 2 (R3,C2) - Table 3; 

Period 3 (R3,C3) - Table 8; Periods 4,5 & 6 (R3,C3) -

Table 9. This path results in a payoff (1120, 1185). 

C) Period 1 (R2,C2) - Table 1; Period 2 (R3,C3) - Table 4; 

Period 3, 4, 5, & 6 (R3,C3) - Table 9. This path results 

in a payoff (1285,1285). 
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Again, to obtain the Nash equilibrium strategy paths, dominated Nash strategies were not 

eliminated, thus there are multiple Nash equilibrium strategy paths. If agents are able to 

coordinate on the Pareto-dominant path their final payoff would be (1285,1285). The 

PDNE strategy path for Game 3, C above, is the same as that of Games 1 and 2. 

However, the dominated strategy paths, A and B above, differ from those of Game 1. 

This is due to the increased loss of moving toward the new technology (eg. payoff Table 

9). Notice that the payoffs for Rowand Column agents are not symmetric in NE 

strategy paths A and B. Although this is similar to Battle of the Sexes Games, the 

~- - --- ---------
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existence of PDNE strategy path C defines the game as a Pure Coordination Game. 

Game 4 is an extension of Game 3, allowing agents to reverse their decisions. 

As with Game 2, the complexity and added strategic uncertainty of this extension makes 

it impossible to identify all dominated Nash equilibrium strategy Vaths. However, 

solving the model recursively, eliminating dominated Nash strategies, it can be shown 

that the PDNE strategy path is the same as that of Game 3 (See Figure 4). 

Within the four games presented above there exists a unique PDNE strategy path. 

The theoretical literature indicates that given complete information, this should be a focal 

outcome of the games. Although the final payoffs associated with Games 3 and 4 are 

less than those of Games I and 2, the behavior of agents should be identical if they play 

the PDNE strategy path. However, if they play dominated Nash strategies, their 

behavior will differ. That is, they will adopt the technology by a different path. 

All of the MSCGs presented above maintain a known six-period time horizon. 

Because of this knowledge, there are anticipated end game effects. If agents are unable 

to coordinate on the PDNE strategy path they may be able to get onto the path over the 

six-period horizon. However, there will be a point in the game where getting onto the 

PDNE strategy path is no longer an optimal choice. 

Through the use of experimental methods it is possible to determine if economic 

agents can identify or learn the Pareto-dominant Nash equilibrium strategy path in four 

different game environments. It is also possible to explore the ability of agents to play 

Nash equilibrium strategies if they do not begin on the optimal path. Moreover, it will 
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be possible to determine whether the four games above generate different behavioral 

equilibria although theoretically they should be the same. Continuing with the CD 

example, the results will suggest what characteristics of the recording and electronics 

industries facilitated the diffusion of the CD technology, and what characteristics may 

have delayed the adoption. Moreover, I will learn how the installed base advantage of 

the record industry may have influenced the CD diffusion. 
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6 EXPERIMENTAL INVESTIGATION OF COORDINATION GAME MODEL 

6.1 EXPERIMENTAL COORDINATION GAME LITERATURE 

In the analysis of coordination of investment decisions in the presence of strategic 

interdependencies, coordination games are the foremost game theoretic modeling 

technique. Coordination games are symmetric, simultaneous move, complete information 

games, characterized by multiple Nash equilibria which can be Pareto ranked. In games 

that exhibit multiple equilibria it is interesting to determine what Nash refinements are 

consistent with observed behavior of selection among Pareto-ranked Nash equilibria. Is 

there any reason to expect one outcome over another? 

In coordination games, the theoretical literature claims that if a PDNE exists in 

a complete information game, this outcome is the focal point equilibrium (Schelling 

[1968]). That is, if all players have complete information they will know that it is in 

everyone's interest to select this action, and players will coordinate on the PDNE. 

However, experimental analysis to test the focal point hypothesis in one-shot coordination 

games finds that the PDNE is not always the outcome chosen (Cooper, eLal (CDFR) 

[1990]; Straub [1990]; Van Huyck, eLal (VBB) [1990]). 

Various experiments have been designed to investigate behavior of subjects in 

repeated one-shot coordination games in laboratory settings. The results of these 

investigations indicate that in the absence of communication, a cooperative outcome is 

not always achieved (CDFR [1989]). Experimentalists observe that outcomes vary 

between the PDNE and a risk dominant Nash eqUilibrium. The risk dominant Nash 
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equilibrium is simply the Nash strategy that introduces the lowest measure of risk of a 

low payoff (Straub [1990]). It can also be referred to as the "maximin" outcome, in 

which players maximize over the minimum they can potentially achieve, given an 

opponent's strategy set. 

In the Straub and CDFR experiments mentioned above, players are randomly 

assigned to a different opponent in each period in which they play the game. This one

shot environment does not permit subjects to learn to coordinate over time. With limited 

repetition, VBB [1990] pair two subjects repeatedly in a one-shot coordination game and 

find that convergence toward the Pareto-dominant Nash equilibrium occurs rapidly. 

More extensive repetitions are conducted with groups of seven subjects where 

coordination toward the Pareto-dominant Nash equilibrium does not always occur over 

time. 

Davis and Holt [1989] investigate a two-stage coordination game. This model 

permits subjects to play against the same opponent for two sequential periods. The 

experiment is designed to determine if the option of threat and reward strategies in the 

second period will facilitate cooperation among subjects in the first period. Davis and 

Holt conclude that even when the punish option is a Pareto-undominated Nash 

equilibrium in the second stage, high rates of cooperation in the first stage are not always 

observed. They also find that the association between the use of punish/reward strategies 

and high rates of first stage cooperation is especially apparent with cohorts of 

experienced subjects. Davis and Holt conjecture that communication, or the extension 
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of the time of the pairing of subjects beyond two periods, may prompt punish/reward 

behavior (Davis and Holt [1989]). 

I extend the existing experimental literature on normal form coordination games 

to capture time dependency. In a MSCG subjects interact with the same player over 

time, thus their decisions are affected by observed behavior in previous periods, as well 

as on future expectations. This feature is representative of the underlying economic 

problem of coordination of investment decisions. 

6.2 EXPERIMENTAL DESIGN 

The subjects for the experiments were undergraduate volunteers recruited from 

principles and intermediate economics classes at the University of Arizona. No subjects 

had previously participated in normal form coordination games. The subjects were paid 

$5.00 in cash to show up on time, in addition to their earnings throughout the 

experiment. The earnings for participation in the experiment ranged from $12.50 to 

$19.00. The experiments lasted from 1 and 112 to 2 hours. 

For each experiment eight or ten participants were recruited. The participants 

were randomly assigned to be a C player or a R player. The C players were seated at 

individual desks in one room and the R players were seated at individual desks in another 

room. This ensured that the C players and the R players would never be able to 

determine their opponents' identities. The instructions for the experiment were read 

silently by participants. Participants were given as much time as they needed to review 
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the instructions. The subjects were not permitted to communicate and were unaware of 

their opponents' identities. However, the subjects were provided with the payoff 

structures of their opponents. That is, each subject received Figure i (i = 1, 2, 3, or 4 

depending on the treatment) and was instructed as to which payoff in the payoff pair was 

his/hers. A cohort of subjects never played more than one treatment. That is, a cohort 

of subjects played only one of the game parameterizations (eg. 1, 2, 3, 4) for all four 

sessions of the experiment. 

An experiment consisted of four separate six-period sessions. Within a session, 

each R player was paired anonymously with a C player. The experimenter was the only 

one who knew the pairings. The subjects played against the same opponent for the six 

periods of a session. Throughout these six periods the subjects made action decisions 

independently. After period 6 of a session concluded, subjects were paired with a new 

opponent, maintaining their same identity as a Row or a Column player. Due to the 

symmetry of the game subjects did not alternate between being a Rowand a Column 

player. After the subjects were paired with a new opponent, they played the same six

period game as in the previous session. For each of the four sessions there were no 

changes in the game parameters. It was stressed in the instructions and verbally that 

participants would never play against the same opponent in the four sessions and that 

both Rand C players had the same Figure. 

The experimental design required subjects to repeat the same game in each session 

of the experiment in order to determine if the subjects could learn the optimal path. This 
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experimental study consisted of four different treatment experiments corresponding to 

Games 1, 2, 3 and 4. These treatments were conducted independently with different 

cohorts of subjects. Each treatment consisted of four sessions, repeating the exact same 

game. That is, sixty subjects or thirty subject pairs played Game 1. These subjects 

repeated Game 1 for four sessions. Sixty new subjects were recruited to play Game 2. 

These thirty pairs repeated Game 2 for four sessions. Likewise for Games 3 and 4. 

In period one of a treatment participants confronted the coordination game found 

in payoff Table 1 of Figure i (i = I, 2, 3, or 4 depending on the treatment). The 

combined strategy choices of the two subjects determined their individual payoffs, as well 

as the stage game that they would face in the subsequent period of the game. The 

ordered pair found in each cell of the payoff tables indicates the payoff to each subject 

for a given action pair; while the T in the lower right hand corner indicates the payoff 

table that the subject pair would play in the subsequent stage of the game (See Figure 1). 

After each period the experimenter informed subjects individually of their points earned 

in the previous period and the payoff table that they were to face in the next period. This 

information allowed subjects to infer the action choice of the other player in the previous 

period. Following period six of a session each subject was paired with a new player to 

begin the same game again. 

The experiments designed above are intended to investigate the following 

hypotheses. 



HYPOTHESIS 1: 

HYPOTHESIS 2: 

HYPOTHESIS 3: 

HYPOTHESIS 4: 

Given complete information, a unique Pareto-dominant Nash 

equilibrium strategy path is a focal path. 

An increase in the level of strategic uncertainty 

does not increase coordination failure. 

The size of the network externality does not impact 

coordination on the PDNE strategy path. 

Repetition does not influence play of cooperative strategies. 

53 

The experimental design models a scenario similar to the coordination among the 

electronics industry and the recording industry as they adopted the CD technology. 

Although complete information was probably not available in the industry example, the 

observed behavior of subjects in this environment will provide insights to how strategic 

uncertainty and the installed record base influenced the speed at which the CD technology 

was diffused. 

(The instructions for the experiments can be found in the Appendix C). 

6.3 EXPERIMENT RESULTS 

The coordination games designed in this experimental research are all symmetric. 

Therefore, there is no reason to expect the strategies of Row players to differ from 

strategies of Column players. I conducted a Wilcoxon Signed Ranks Test to determine 

if the strategies of Row players were significantly different from the strategies of Column 
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players. This test was conducted on each period of a session individually. I was able 

to conclude that Row players strategies did not significantly differ from Column player 

strategies across all periods, sessions and games. Therefore, throughout the statistical 

analysis of the data collected, I will use a pooled data set for Rowand Column players. 

6.3.1 PONE STRATEGY PATH 

To begin analyzing the data Figure 5 and Table 1 summarize the frequency of 

PONE strategy play in the four sessions across the four treatment designs. Notice that 

although the four treatments have the same unique PONE strategy path, the ability of 

subjects to coordinate on the optimal path varies across both treatments and sessions. 

According to a paired t-test for differences in means, the focal path hypothesis, 

Hypothesis 1, can be rejected with a .10 level of significance. That is, play of the 

PDNE is significantly different from the theoretical prediction that all subjects would 

play the PONE strategy path. 

In Game 1, the Treatment which accommodates the PONE strategy path the most, 

subjects achieve the PONE strategy path with a 26 % frequency in Session 1, increasing 

to a 78 % frequency in Session 4. Although frequency increases, the path does not 

appear to be focal in a strict definition. That is, if the PONE strategy path is "focal" 

then subjects in Session 1, as well as in Session 4, should be able to coordinate on this 

path. However, it should be noted that there is evidence that subjects are learning both 

the game and the optimal strategy path. From a paired t-test of difference of means I 

-- - -~--- ----
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can reject the hypothesis that the frequency of PONE strategy path play is similar across 

Sessions 1, 2 and 3 (See Appendix 0 for Paired T-Test statistics and p-values). Yet at 

a only .lO level of significance, I cannot reject the hypothesis of similar paired means 

between Sessions 3 and 4. Thus, as the frequencies indicate, play of the PONE strategy 

path does not differ significantly between Sessions 3 and 4. 

TABLE 1 

FREQUENCY OF PONE STRATEGY PATH PLAY 
(Standard Error) 

Game 1 Game 2 Game 3 Game 4 

Session 1 0.26 0.07 0.07 0.03 
(.008) (.032) (.036) (.024) 

Session 2 0.56 0.37 0.52 0.24 
(.068) (.063) (.069) (.056) 

Session 3 0.78 0.57 0.52 0.38 
(.057) (.065) (.069) (.031) 

Session 4 0.78 0.60 0.52 0.41 
(.057) (.064) (.069) (.065) 

Comparing observed behavior in Games I and 2, it appears that the added 

strategic uncertainty associated with Game 2 increases the coordination failure. Within 

Session 1 of Game 2 the frequency of PONE strategy path play is 7 %, increasing to 60% 

in Session 4. Again the focal path hypothesis is rejected according to a paired t-test and 

there is observed evidence that learning takes place across the first three sessions but not 

between Sessions 3 and 4. Comparing the frequencies of PONE play between Game 1 
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and Game 2 for the four separate sessions, indicates a difference in observed behavior. 

A paired t-test indicates that mean play is significantly different between Game 1 and 

Game 2, thus, I am able to reject Hypothesis 2. That is, there exists evidence to indicate 

that the added strategic uncertainty associated with Game 2's extension of Game 1 

increases the level of coordination failure, decreasing the frequency of PDNE play. 

According to a paired t-test, I reject the hypothesis that mean play of the PDNE strategy 

path is the same for Game 1 and Game 2. 

The treatment design of Games 3 and 4 increases the loss associated with exiting 

the existing technology, exiting payoff Table 1 of the game (See Figure 3 and 4). This 

added loss results in an observed frequency of PDNE play of 7% in Session 1 of Game 

3, a significant difference from Session 1 play of Game 1. Learning does occur across 

sessions within Game 3, thus the frequency of PDNE play increases to 52 % in Session 

4. Analyzing mean play of the PDNE strategy path across sessions within Game 3 

reveals that play differs between Session 1 and Session 4. Utilizing a paired t-test of 

difference in means it can be shown that observed behavior between Games 1 and 3 

differs significantly. Thus, Hypothesis 3 can be rejected. The size of the network 

externality does impact coordination on the PDNE strategy path. 

Within Game 4 it can also be observed that play of the PDNE strategy path 

declines from observed play in Game 2. In Session 1 of Game 4 the frequency of PDNE 

play is 3 %, increasing to 41 % in Session 4. Play in Session 1 of Game 4 does not 

significantly differ from play in Session 1 of Game 2. However, according to a paired 
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t-test of play across all sessions within Game 2 and Game 4 Hypothesis 3 can again be 

rejected. The combination of added strategic uncertainty and a greater initial cost 

contribute to this frequency decline. 

It is interesting to note that according to the paired t-test the hypothesis that mean 

play in Game 2 is the same as mean play in Game 3 cannot be rejected. This 

observation is interesting in that each of these two designs is a separate extension of 

Game 1. Although play in Game 1 differs from play in Game 2, and play in Game 1 

differs from play in Game 3, play in Game 2 does not significantly differ from play in 

Game 3. This observation is a result of the experimental design. The added uncertainty 

of Game 2 and the added cost of exiting the existing technology of Game 3 impact 

subject behavior similarly. 

Table 2 presents the play of dominated Nash equilibrium strategies played in 

Games 1, 2, 3, and 4. Recall A and B refer to the dominated Nash eqUilibrium (NE) 

paths for the corresponding games. From Table 2 it appears that dominated strategy path 

play occurs more frequently in Game 3 than in Game 1. This is probably due to the 

payoff differential between the PONE and the dominated NE. In Game 3 this difference 

is not as great as in Game 1. It is also interesting that play of dominated NE is more 

frequent in Games 2 and 4 compared with Games 1 and 3, respectively. This is probably. 

due to the added strategic uncertainty impairing the ability to play the PDNE strategy 

path. 

It is also interesting to note that there were several instances in which a pair of 
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subjects remained in payoff Table 1 for the entire six periods. In Game 2, one pair in 

thirty failed to exit payoff Table 1 in Session 1; as one pair failed to exit in Session 3. 

In Game 3, one pair in twenty seven failed to exit payoff Table 1 in Session 2. Game 

4 had the highest incidence of pairs remaining in payoff Table 1. In Session 1 of Game 

4, one pair in twenty eight failed to exit payoff Table 1, one pair in Session 2, two pairs 

in Session 3 and one pair in Session 4. This could be due to the combination of strategic 

uncertainty and the high loss associated with exiting payoff Table 1. 

TABLE 2 

FREQUENCY OF DOMINATED NASH EQUILIBRIUM STRATEGY PATH PLAY 

Game 1 Game 2" Game 3 Game 4" 

Session 1 0.11 A 0.03 A 0.04 A 0.04 A 
0.00 B 0.00 B 0.04 B 0.00 B 

Session 2 0.00 A 0.00 A 0.07 A 0.00 A 
0.00 B 0.00 B 0.04 B 0.07 B 

Session 3 0.00 A 0.00 A 0.04 A 0.07 A 
0.00 B 0.00 B 0.07 B 0.11 B 

Session 4 0.00 A 0.00 A 0.11 A 0.11 A 
0.00 B 0.00 B 0.07 B 0.11 B 

* RECALL : A and B are the Game specific dominated NE strategy paths. 
In Games 2 and 4 all of the dominated NE are not identified. 
The table indicates frequency of play of the two dominated NE 
of Games 1 and 3 respectively. 



60 

6.3.2 SUBJECTS ACHIEVING PAYOFF TABLE 9 

In the treatment designs of this experiment, arrival to payoff Table 9 represents 

successful adoption of a new technology, regardless of the path taken (See Figures 1, 2, 

3, 4). Table 3, illustrated in Figure 6, compares the frequency of subject pairs that 

arrive at payoff Table 9 by period six. 

Session 1 

Session 2 

Session 3 

Session 4 

TABLE 3 

FREQUENCY OF PAIRS TO PAYOFF TABLE 9 
(Standard Error) 

Game I Game 2 Game 3 Game 4 

0.85 0.57 0.67 0.38 
(.049) (.065) (.065) (.064) 

0.93 0.77 0.85 0.66 
(.036) (.055) (.049) (.063) 

0.93 0.87 0.81 0.66 
(.036) (.044) (.053) (.063) 

0.96 0.90 0.85 0.79 
(.026) (.039) (.049) (.057) 

From Table 3, it can be observed that within Games I, 2, and 4 the frequency 

of pairs achieving payoff Table 9 increases monotonicly across the four sessions. In 

Game 3, the frequency of pairs that achieve Table 9 also increases monotonically within 

one standard error. This reveals that there is a level of learning taking place. From 

Table 3, Game 1 results in the highest frequency of achieving payoff Table 9, 85% in 

Session 1 increasing to 96% in Session 4. Although play does not significantly differ 
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between Sessions 1 and 2, Sessions 2 and 3, and Sessions 3 and 4, play does significantly 

differ between Sessions 1 and 4, according to a paired t-test. The design of Game 1, 

irreversibility, aids in the achievement of payoff Table 9 because if one subject of a 

subject pair moves toward payoff Table 9, it is a clear signal that payoff Table 1 was not 

optimal. Moreover, payoff Table 1 outcome is no longer an option. It is observed that 

when action choices can be reversed, Game 2, the frequency of attainment of payoff 

Table 9 declines. From a paired t-test, attainment of payoff Table 9 significantly differs 

between Game 1 and Game 2. 

Comparing Games 3 and 4, the ability of subjects to attain payoff Table 9 also 

declines. The added loss associated with moving toward payoff Table 9 significantly 

impacts the observed behavior. Within Games 3 and 4, play differs between Session 1 

and Session 4. The ability of subjects to reach payoff Table 9 is significantly different 

between Game 3 and Game 4, given a .1 level of significance. Notice that the frequency 

of attainment of payoff Table 9 is significantly higher than the frequency of play of the 

PDNE strategy path. This indicates that although subjects fail to achieve the optimal 

path they can move toward the optimal payoff table. 

To compare behavior across the four games, it is important to present the mean 

number of periods in which a subject pair attained payoff Table 9. A summary of these 

means can be found in Table 4 below. 
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TABLE 4 

MEAN NUMBER OF PERIODS TO ATTAIN PAYOFF TABLE 9 

Game I Game 2 Game 3 Game 4 

Session 1 4.00 4.82 4.61 4.82 
Session 2 3.52 3.91 3.65 4.21 
Session 3 3.20 3.35 3.45 3.63 
Session 4 3.27 3.44 3.52 3.61 

Because all subjects did not reach payoff Table 9, the mean number of periods to attain 

payoff Table 9 is calculated with respect to the number of subjects that actually reached 

payoff Table 9. A mean of 3.00 indicates that all subjects that reached payoff Table 9, 

reached it by way of the PDNE strategy path. It was not possible to reach payoff Table 

9 in less than 3 periods. Notice that as subjects repeat the game they are able to reach 

payoff Table 9 in fewer periods. 

Comparing means between Games 1 and 3, as well as between Games 2 and 4, 

it is apparent that the increased loss of moving away from payoff Table 1 does slow the 

ability of subjects to reach payoff Table 9. It is unclear why the mean number of periods 

to reach payoff Table 9 increases in Session 4. It would be expected that the mean 

number of periods to reach payoff Table 9 would continue to decline. This can possibly 

be explained by the increase in subjects reaching payoff Table 9 in Session 3 as 

compared with Session 4. Even though there is not a significant level of learning 

occurring between these sessions, there is an increase in the percentage of subjects that 

reach payoff Table 9 between Sessions 3 and 4, as displayed in Table 2. These new 
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comers are probably contributing to the increase in the mean number of periods to reach 

payoff Table 9. 

6.3.3 COOPERATIVE STRATEGY 

I also am interested in the cooperative play of individual subjects. Because 

subjects are paired with an opponent, their ability to play the PDNE strategy path, as 

well as their ability to move to payoff Table 9, is contingent upon their opponents' 

behaviors. Analyzing individuals' strategies, it is possible to get a better indication of 

subjects' abilities to learn both the games and the desired paths within the games they 

confront. As individuals move away from payoff Table 1, toward payoff Table 9, it is 

possible to label their strategies as cooperative or not. Given a subject's location in 

period t, if a subject selects a strategy in period t+ 1 which puts him/her on a sub-game 

PDNE strategy path, this is considered a cooperative strategy. If however the subject 

selects a strategy in period t+ 1 which maximizes their payoff in period t+ 1 yet does not 

move him/her toward payoff Table 9, this is not a cooperative strategy. This differs 

from a PDNE play because an individual subject can playa cooperative strategy even if 

the subject that he/she is paired with does not. The summary results across all periods 

within a session of observed cooperative play are found in Table 5 and illustrated in 

Figure 7. 

Notice that the frequency of cooperative strategies observed exceeds the frequency 

of play of the PDNE strategy path. By comparing the frequencies found in Table 1 to 
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TABLE 5 

FREQUENCY OF COOPERATIVE STRATEGY PLAY 
(Standard Errors) 

Game 1 Game 2 Game 3 Game 4 

Session 1 0.84 0.66 0.72 0.59 
(.050) (.061) (.061) (.065) 

Session 2 0.92 0.81 0.86 0.74 
(.038) (.050) (.047) (.057) 

Session 3 0.96 0.88 0.88 0.73 
(.028) (.042) (.040) (.058) 

Session 4 0.97 0.91 0.90 0.83 
(.025) (.037) (.040) (.049) 

those in Table 5 it is apparent that, although subjects were not all immediately identifying 

the optimal path, they were able to learn to play cooperative strategies throughout the 

six-stage game. Moreover, those who could identify the path were subject to the 

decisions of their opponents. These frequencies reveal that subjects, in the absence of 

communication, were able to play cooperative strategies. In all games mean play of the 

cooperative strategy significantly differed between Sessions 1 and 4, according to a 

paired t-test of difference in mean play with a .10 level of significance. Again, there is 

a learning process occurring across the four sessions, resulting in a monotonic increase 

in frequency of cooperative strategy play within all game environments. Thus, I can 

reject Hypothesis 4 that repetition does not influence play of cooperative strategies. 
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From the data, observed play across the 4 games does differ significantly. From 

the frequencies it appears that both the added uncertainty of Game 2 compared with 

Game 1 and the added loss of Game 3 compared with Game 1, impair cooperative 

strategy play. 

6.4 CONCLUDING REMARKS 

Coordination among producers of complementary products presents interesting 

complexities for the modeling process. Currently I feel that game theory provides the 

best medium for modeling such strategic interdependencies. Since field data within a 

consistent environment are unavailable, experimental investigation may be the only way 

to determine what characteristics of the investment process will influence the path of 

diffusion. Although equilibrium outcomes are of great concern, it is knowledge of the 

investment path which can provide the insights necessary to confront this coordination 

issue. 

From the above data it can be concluded that, in the absence of communication, 

the level of strategic uncertainty which exists among producers of complementary 

products can impede the successful adoption of innovations. The simpler the 

environment the easier it is for firms to learn to coordinate over time. Moreover, the 

presence and size of an installed network advantage for an existing technology can deter 

coordination toward successful adoption. Even in a complete information setting, firms 

are not able to identify the PONE strategy path and focus on it. Through a 



68 

parameterization of a normal form, time-dependent, multi-stage coordination game it is 

possible to capture some of the interdependencies that exist in industry today. From the 

experimental test of this model, I have gained insights into the characteristics of an 

industry that can slow adoption of new technology. 

Although the data show that increasing the size of the installed base slows the 

movement toward the innovative technology, subjects did move. This result is consisted 

with the findings of Liebowitz and Margolis. That is, if there exist sufficient gains 

associated with moving toward the innovative technology these gains will eventually be 

exploited. I realize that there is a threshold that could deter adoption: the magnitUde of 

the existing network that would make moving unprofitable. The finding that adoption 

is slowed, but not halted, also supports the realization that innovative products that 

exhibit network economies have been and are being adopted. 

When an industry is characterized by indirect network economies successful 

diffusion of innovative technologies requires coordination among producers of 

complementary products. A single firm can solve this coordination problem through 

vertical integration. That is, if a firm provides its own compatible complementary 

products, successful adoption of an innovation is not delayed by strategic uncertainty 

among firms. Thus, a firm can adopt the innovative technology and set the standard for 

other potential producers of complementary products. Standard-setting organizations also 

provide a means to resolve to coordination problem, by establishing a standard of 

compatibility. However, as mentioned earlier, these organizations provide an atmosphere 
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that may lead to anti-competitive behavior and must not be allowed to operate unchecked. 

In the absence of a coordination problem among firms, network economies 

present a coordination problem within a firm. A new technology represents a substitute 

for an existing product. Thus, even a single seller must consider the influence of 

network effects when making investment decisions. The network benefits that consumers 

receive from a product will impact their demand for an innovation that lacks a network 

of compatibility. 

Direct network economies also eliminate the need for coordination among 

producers of complementary products. A direct network is contingent on the number of 

consumers that purchase the same product, and not contingent on the purchase of 

complementary products. Products that are characterized by direct network economies 

tend also to be characterized by durability. Thus, when a firm produces a durable good 

characterized by direct network economies, the firm must anticipate the network 

interdependencies of demand. In such a situation, there is a need for internal 

coordination in quantity-setting strategies and in investing in innovative technologies. 

The following chapter of this dissertation investigates the impact of a direct network 

economy on a durable good monopolist's quantity-setting strategies. Moreover, the 

following chapter discusses the influence of the combination of durability and direct 

network economies on the innovative investment strategies of firms. 
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7. DURABLE GOODS AND DIRECT NETWORK ECONOMIES 

7.1 INTRODUCTION 

In an industry characterized by direct network economies, consumer demand 

increases with the number of consumers that purchase the same product. For example, 

the value that a consumer places on a telephone, or a computer work station, increases 

with the number of other consumers that one can communicate with through that system 

of compatibility. Thus, consumers must coordinate purchasing decisions and firms must 

realize and anticipate the strategic interdependencies that exist among consumers. 

This chapter investigates the influence of direct network economies on the 

strategic behavior of a durable goods monopolist. Unlike the model presented in the 

preceding chapters, this model does not require coordination among firms. In a 

monopoly, with no potential entry, a firm does not need to consider the strategies of 

other firms. However, the presence of durability and direct networks will impact the 

monopolist's quantity setting decisions. The presence of product durability decreases the 

ability of a single seller to achieve monopoly profits, due to the inability to commit to 

future prices and the emergence of a second hand market (Coase [1972]). Moreover, the 

presence of direct network economies requires that a firm react to the interdependencies 

that exist among consumers. Utilizing a two-period, quantity setting model this chapter 

finds that the presence of direct networks enables the monopoly seller to achieve higher 

profits than the monopoly seller who does not face a demand characterized by network 
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economies. 

Finally, this chapter discusses the influence of direct network economies on 

investment in innovative or differentiated products. Within this study innovative 

technologies will refer to innovative products that are incompatible substitutes for existing 

products. When a firm decides to invest in a product that will cannibalize its existing 

market, it must anticipate the reaction of consumers and their willingness to abandon a 

product that has an t!stablished network, in favor of a product that does not. 

In the absence of network effects, extending the single product model to a quality 

differentiated product model results in a monopoly seller being able to circumvent a 

second hand market by strategically timing the introduction of new products, resulting 

in an obsolescence of the· original products. The monopoly seller that produces 

differentiated products is actually able to earn profits that exceed those of the monopoly 

renter that produces only one product (Kim [1992]). 

I provide insight on how the combination of direct network effects and durability 

impact a monopolist's investment strategies. When the demand structure reflects the ..... 

existing product's benefit over the innovative product due to the size of its base of 

technological compatibility, and the innovative technology's higher level of quality or 

social desirability, consumer behavior influences the monopolist's marketing decisions 

and introduction of new technology. 
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7.2 DURABLE GOODS LITERATURE 

In 1972 Coase considered a durable goods monopolist seller and concluded that, 

given rational consumers, a monopolist is unable to exercise monopoly power. This 

result is based on a model in which a firm is unable to commit to future levels of 

production. Thus, intelligent consumers will realize that the monopolist will lower prices 

in the future in order to sell more units. As a consequence, consumers will withhold 

current demand. Realizing that price will decline until it reaches marginal cost, 

consumers are unwilling to pay much more than marginal cost early on. The monopolist 

loses its market power position in a "twinkling of an eye". Within this model based on 

consumer expectations, the monopolist is only able to obtain positive profits if it can 

commit to future production levels (Coase [1972]). 

Stokey [1981] models a durable good monopolist's decision strategy in a discrete 

time, infinite horizon model. This model finds that as the length of each period gets 

small the Coase result ( price falls to marginal cost) holds. However, if the length of 

each period is relatively long monopoly power is achieved. Within this model the price 

path converges to the competitive price level arbitrarily quickly if consumers have 

rational expectations and are sufficiently patient. Stokey finds that the ability of sellers 

to commit to prices in advance is the key to securing monopoly power (Stokey [1981]). 

Bulow [1982] formalizes Coase's model in a two-period model, in which a 

monopoly seller is able to achieve higher profits than a competitive firm, yet less than 

the monopoly renter. If a monopolist is able to rent its products it does not have to 
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compete with a second hand market. However, if the monopolist must sell its products 

it relinquishes the property rights to those products at the point of sale. Thus, consumers 

are able to resell the products in the future. Bulow's model finds that a durable goods 

monopoly renter is able to achieve the profits of a non-durable product monopolist. A 

durable goods monopoly seller cannot achieve such profits and will thus produce goods 

that are less durable than the products of a monopolist renter or a competitive firm. 

Moreover, a monopolist seller may choose inefficient production technologies in order 

to signal to consumers that future marginal costs will be high and prices will not fall. 

Thus, society suffers a dead weight loss of inefficiency of the seller (Bulow [1982]). 

Bond and Samuelson [1987] investigate the influence of durability on innovation. 

This model is similar to Bulow [1982], however a firm has the ability to invest in 

technology in two periods. One of two forces can drive the firm's decision. If the firm 

desires to achieve monopoly profits by committing to decreasing output, then innovation 

will be low. However, if the firm can achieve monopoly profits by expanding second 

period output to smooth the cost of innovation, then the tendency to innovate will be 

high. 

In a 1992 study Kim investigates a durable goods monopolist's strategic timing 

of product introduction. This model assumes that consumers are characterized by a two

dimensional demand. That is, consumers value a product's quality, as well as a 

product's location in time. By assumption, there is a continuum of consumers that each 

have a taste parameter, e E [0,1], for product quality that is uniformly distributed. 
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Assuming that consumers cannot own more than one product within a period, the 

consumers per period utility is a linear function of e times a product's quality index. 

To identify the demand structure for a two-period consumption model, Kim 

evaluates all possible consumer strategies. After eliminating the strategies that do not 

satisfy minimal rationality, the demand structure is solved recursively. 

In this model a monopolist has the potential to produce two quality differentiated 

commodities. The firm must decide whether to differentiate or not, which quality to 

introduce first, as well as how much to produce in each quality. Kim's model finds that 

consumers will not update from high to low quality and will also not resell a product and 

buy nothing. Therefore, the monopolist seller of differentiated products does not have 

to compete with a second hand market. However, the monopolist must compete with its 

own demand if it chooses to provide two substitute products. 

This model concludes that as the speed of technological advancement increases, 

a monopolist seller tends to convert from low quality production to high quality 

production over time. If however there are no technological advances and cost of 

production is constant, then the seller has an incentive to introduce high quality goods 

first. Thus, the seller can sell to those consumers with the highest willingness to pay. 

In subsequent periods the firm can introduce low quality products in order to extract 

additional consumer surplus (Kim [1992]). 
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7.3 SINGLE PRODUCT MODEL 

I investigate a two-period quantity-setting model, in which a single seller produces 

a completely durable good. This product, by assumption, is completely divisible and will 

never depreciate. Consumer second-period demand for this good takes the following 

form: 

where P2 is the product price in period 2 and q2 is the product quantity. The network 

parameter is A E (0,1]. This demand structure introduces the direct network economy 

which will shift the durable good, second-period linear demand curve, as illustrated in 

FIGURE 8: PERIOD 2 DEMAND CURVE 

p2 

(a-pql)(l + A/Pql) 
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Figure 8. In Figure 8, the dashed line represents second-period demand in the absence 

of network economies, while the solid line represents second-period demand when 

network economies are present. Notice, the relative shift in the demand curve is 

contingent on the network parameter, A, and the number of consumers that have 

purchased the product in the previous period, q!. That is, the value that a consumer 

places on the product in period two is influenced by both a durable goods effect and a 

direct network effect. 

The durable goods literature is based on the concept of intelligent consumers. 

That is, consumers realize that the price of a durable good will fall in the future and 

withhold current demand. When analyzing an industry that is characterized by both 

durability and network effects it is important to maintain the concept of intelligent 

consumers. Therefore, the demand structure must incorporate the network impact on 

consumer behavior. 

The purpose of this section is to focus on the influence of network effects on a 

firm's quantity-setting strategy. Thus, the model maintains a constant marginal cost, a 

constant interest rate, and no potential for entry (possibly due to patents). It is assumed 

that perfect information exists about the demand structure, production cost and 

production. Moreover, all consumption is assumed to be competitive, such that no 

consumer can individually influence firm output. These assumptions are taken from the 

work of Bulow [1982] so that the results can be compared. 

The equilibria of this model are based on sub-game Nash equilibrium strategies 



77 

by the firm. Thus, the two-period model will be solved recursively. The monopolist 

seller will maximize second period profits taking the first period quantity as given. Then 

the firm will select the first period quantity that is time consistent with the second period 

sub-game reaction. In order to focus on the impact of the network effect and to ease 

computations, I will assume that marginal costs are zero. The firm's second period 

optimization problem can be written as: 

(2 ) 

(3) 

Assuming an interior solution, the first order condition can be written as : 

(4) 

Solving for q2 as a function of ql results as: 

(5) 

Notice that the network parameter only enters second period quantity through its impact 

on first period quantity. Since the coefficient on ql is negative, the impact of A on 

period one quantity will result in an opposite impact on period two quantity. At this 

point in the analysis all variables can be represented in terms of period one quantities and 

the interest rate, p. 
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1X+%(iA-p)-Aqt (6) 

2 

The height of the inverse demand in period one is equal to the willingness to pay for one 

period's worth of consumption plus the discounted period two price. 

IX +%( A A-p)-Aqt 
= IX - P% + ~ 

2 (1 +p) 

(7) 

The first period optimization problem maximizes the present value of profit with respect 

to first period quantity choice. The optimization problem can be written as: 

MaxIT 
II2 

(l+p) 

Assuming an interior solution the first order condition is: 

Thus, 

(8) 



79 

(11) 

Solving the equation above using the quadratic equation, the following general solution 

is obtained. 

q; 
3A. 

2 p2 (5+4p) 2+12!XA. (l+p) +3~A.2 - P (5+4p) 
2 (12) 

Using L'Hopital's Rule and the above equilibrium solutions, it is possible to show 

that as the network parameter, A, approaches zero Bulow's [1982] results are obtained 

(See Proof A in Appendix E). Thus, the Bulow model, where marginal costs are equal 

to zero, is a special case of this model as network effects approach zero. 

The purpose of this study is to determine the impact of the direct network on a 

durable good monopolist's quantity setting decisions. Since all quantities and prices can 

be written as a function of first period quantity, I calculate the first partial derivative of 

period one quantity choice with respect to A. 

(13) 

- --- - ------------
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It can be shown that equation (13) is positive for all values of p > 0 (See Proof 

B in Appendix E). 

Result 1: 

When network economies are present in an industry a monopoly seller will 

produce a higher quantity in period one and a lower quantity in period two, 

relative to a monopolist that does not produce in a market characterized by 

network economies. 

Moreover, the higher the value of the network parameter, the higher the equilibrium 

quantity in period one. This result is due to the influence of second period consumption 

on first period demand. Period one consumers realize that the benefits they will receive 

in period two are contingent on the number of consumers that purchase in period one. 

Therefore, consumption in period one increases and consumption in period two 

decreases. 

When networks exist in a durable goods industry, prices in period two will still 

be lower than prices in period one. This is a durable goods effect. However, the 

amount by which prices fall in the second period is reduced due to a network effect. 

Result 2: 

An increase in the network parameter will increase period two price. 

(See Proof C in Appendix E). 

Period one demand is a quadratic function of period one quantity. The period one 

demand curve is presented in Figure 9. The dashed line (- - -) represents the linear 
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demand curve in the absence of network economies. Note that p(o) and q(o) indicate the 

profit-maximizing period one price and quantity in the absence of network economies. 

Such that: 

a(3+2p)2 p(o) = 
2 (1 + p) (5 +4 p ) 

q(o) = 2a(1+p) 
~ (S+4p) 

(14) 

(15) 

The solid curve (-) indicates the demand curve in the presence of network economies. 

Such that, q(n) represents the profit-maximizing first period quantity and p(n) represents 

period one price in the presence of network effects. 

FIGURE 9: PERIOD 1 DEMAND CURVE 
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It can be shown that the distance between the linear price function and the quadratic price 

function is increasing in A. Moreover, it can be shown that pen) evaluated at q(n) is 

greater than p(o) evaluated at q(o), for all values of a, (3, A, and p (See Proof D in 

Appendix E). 

Result 3: 

When network economies exist, period one price will greater than in the absence 

of network economies. 

Moreover, period one price will increase as A increases. The value of the product will 

increase in period two, contingent on the number of consumers that purchase in period 

one. Therefore, first period consumers will have a higher willingness to pay in period 

one. 

For the following analysis let ~ represent monopoly seller profits in the presence 

of network economies. The impact of the network economies on monopoly seller profits 

can be presented as: 

dUN arrN a% 
-- = -- + 

d)" a% a).. 4 (1 +p) 
(16) 

At the optimum a~/aql = 0, thus a firm can achieve higher profits in the presence of 

network economies if: 

The proof of (17) requires: 

qi 
> 0 

4 (1 +p) 
(17) 
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q; 
> 

4 (1 +p) 
(18) 

> q~ (19) 

To analyze (19), it can be shown that: 

2 
p2 (5+4p) 2+4(xA (5+4p) +4";'A2 - P (5+4p) (20) 

3A 

Simplifying equation (20) : 

(21) 

p (5+4p) + 2~A - P (5+4p) • p 
% < ------3.l.::A-----

(22 ) 

Therefore: 

(23 ) 

From equations (23) and (19) the proof is satisfied. 

Result 4: 

The monopoly seller can achieve higher profits in an industry characterized by 

network externalities. 
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Quantity setting strategies are also a function of the interest rate, p. The impact 

of the interest rate on first period quantity can be written as: 

-.!f! + 
3A. 

6((A. + 4P2 (5+4p) 

3A. I p2 (5 +4p) 2+12ccA. (1 +p) +3 ~A.2 
~ p2 

(24 ) 

It can be shown that equation (24) is positive for all values of A < (4(32/0'.) (See Proof 

E in Appendix E). Thus, the impact of changes in the interest rate on first period 

quantity is contingent on the value of the network parameter. 

This model reveals that the presence of a direct network will calise period one 

quantities to increase while decreasing period two quantities. Moreover, prices in both 

period one and period two will be higher than in a market that does not exhibit network 

economies. Therefore, the single product monopolist will be able to achieve higher 

profits than a monopolist that does not sell in a market characterized by consumer 

network economies. 

7.4 INNOVATION 

When a monopolist invests in an innovative product that is characterized by direct 

network economies there is no need for coordination among firms, as with indirect 

network economies. However, the monopolist must consider the interdependencies that 

exist due to investment in a substitute product, which will cannibalizes an existing 

product's market share. When networks are present, consumers in the existing market 
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might be hesitant to give up the network benefits that accompany the existing product for 

the superior quality of the innovation. Thus, the firm must consider the impact of 

investment on the consumers that remain in the existing network, as well as on the 

consumers that value the innovative technology. 

For example, suppose a new telecommunications technology was developed that 

was incompatible with the existing network of telephones, yet possesses quality 

superiority. A consumer's decision to purchase becomes a function of the network 

benefits of the existing telecommunications technology and the superior quality of the 

innovation. The consumer must choose between continuing to call all consumers that 

have the existing technology or switching to the innovation. The switch to the innovation 

would require sacrificing some of the people that the consumer could previously call. 

Moreover, the consumer needs to anticipate the decisions of other consumers, so that 

he/she does not get stranded in the old technology or move alone to the innovation. 

The purpose of this section is to investigate how the combination of durability and 

network economies affects investment in incompatible product upgrades. Due to the 

complexities and non-linearities that exist in such a model, a theoretical model is not 

developed. However, I analyze the possible industry characteristics that can aid and 

hinder adoption of innovations, as well as the impact of these features on consumer and 

firm strategies. 

For this analysis, assume a monopolist is confronted with a choice of production 

quantities for two completely durable product qualities. I will refer to these products as 
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product X and product Y. Product X represents an existing product that is characterized 

an installed network of compatibility. Product Y is the innovative technology, which 

possesses superior quality (eg. faster computer), yet does not have a network established. 

The network for Y will develop as consumers purchase over time. By assumption 

product Y is not compatible with product X. Thus, the consumers of product Y cannot 

reap the benefits of the X network. In such a situation, a firm must realize that 

consumers value quality, as well as network size. A firm's quantity setting strategies in 

product X and product Yare functions of cost and a demand structure, that incorporates 

durability, quality and network benetits. 

Case 1: No network economies and identical costs 

The first case I examine is a situation where no network economies exist and cost is 

identical for products X and Y. In this case products X and Y only differ in qUality. 

Y is a higher quality product than X. By assumption, consumers' utility is an increasing 

function of quality. Because X and Yare durable, consumers demand only one unit in 

a given time period. Thus, consumers that have previously purchased X must decide if 

they will resell product X and upgrade to product Y. If products X and Yare offered 

at the same price, consumers that previously purchased X will be willing to pay more for 

product Y. Assuming a perfect resale market, these consumers should decide to upgrade. 

If they decide to upgrade they must also decide when. Since Y is a durable product, 

consumers will anticipate prices declining in the future. Therefore, period one price will 

determine the number of consumers that will upgrade in period one. 
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New consumers must decide to purchase product X or product Y. If the two 

products only differ in quality all new consumers should purchase product Y. Because 

consumers will not purchase X if they have previously purchased X, a firm's expected 

revenue from sales of the innovation will exceed future revenue generated by sales of 

product X. Therefore, a firm's strategy should be to move all resources to production 

in the high quality product (Kim [1992]). 

If entry is possible, a firm has a stronger incentive to adopt an innovative 

technology. This incentive is derived from the fact that entrant firms will exploit the 

consumers' desire for higher quality and consequently will take the existing firm's market 

share. 

Case 2: No network economies and different costs 

The second case scenario I analyze is where no network economies exist but costs are 

not identical. If the cost of production for the innovation, product Y, is lower than the 

cost of production for the existing product, product X, a firm's quantity setting strategy 

should be to produce only product Y, as in case one. However, if the cost of production 

in product Y is higher than costs in product X, a firm's strategy is not immediately clear. 

In this case, consumers will evaluate the net benefits of quality minus price. It 

can be anticipated that a higher cost product will result in a higher retail price. New 

consumers must determine whether to purchase X or the higher quality product Y. If the 

price of Y exceeds that of X the consumers must determine if the quality difference 

compensates them for the higher price. Moreover, the consumer also is aware that 
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product V's price will decline over time. Thus, the new consumer must determine the 

timing of purchasing. 

Consumers that previously purchased product X must decide if they should 

upgrade or not, and when. It is not apparent, as in case one, that all consumers will 

desire to upgrade if the costs of production of Y results in a higher price. However, 

those consumers at the top of the demand curve, with the highest willingness to pay and 

the highest desire for quality, will upgrade. 

Because a demand for X is still present and production costs are lower, the firm's 

profit-maximizing strategy in period one should be to produce both products. However, 

the quantity-setting strategy will be based on the expected demand. The firm should 

adopt the innovative technology, however it will not abandon the existing technology as 

in case one. In this situation, product Y is diffused into the market as product X is 

gradually replaced. 

Case 3: Network economies and identical costs: 

The third case I analyze is an industry in which network economies are present, yet there 

exist no cost differences between products X and Y. When networks are present, 

consumers value network size, as well as product quality. In this case, consumers who 

have previously purchased product X must decide whether to keep product X or upgrade 

to product Y. However, this decision is contingent on the number of consumers they 

expect to purchase product Y. If they upgrade, the consumers give up the network 

benefits of product X in favor of the higher quality of product Y. The consumer must 
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look ahead to determine the future network for product Y. If they anticipate a strong 

network developing for product Y, they must be concerned about becoming stranded in 

the X network. If a high number of consumers upgrade, the network for X will decline. 

New consumers must decide to invest in an established network of compatibility 

or to invest in product Y with an anticipation of future network benefits. Moreover, 

consumers must determine the timing of investment in product Y. Since product Y is 

a durable good, prices will be expected to decline over time. However, demand will 

increase as the network develops and the price may fail to fall significantly. 

In this case, if there exist significant quality gains consumers will be willing to 

sacrifice initial network losses. However, if the expected gains from the innovation's 

quality and anticipated network do not exceed the existing network's benefits, consumers 

will continue to purchase product X. Therefore, the firm's strategy is based on its 

estimate of consumer demand for product Y. 

In section 7.3, I showed that the presence of network economies influenced a 

firm's quantity-setting strategies in a single product model. When deciding on 

investment strategies, a firm will also be influenced by network effects. If the firm 

believes that there exists a sufficient number of consumers that place a high value on 

quality, the firm should adopt product Y. In such a case the consumers with the highest 

value for quality will initiate the network for product Y. Over time the network will 

develop. If the network for product Y exceeds that of product X at some point in time, 

the firm should terminate production in product X and only produce product Y. 
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Otherwise the firm should produce in both technologies. 

Case 4: Network economies and different costs 

Case 4 presents consumers with the same options as in case 3. However, the price of 

product Y will likely exceed the price of product X due to a difference in cost of 

production. This should result in fewer consumers being willing to upgrade to product 

Y initially. The absence of a network combined with higher price will slow consumer 

purchases. Moreover, some consumers who have not purchased previously may choose 

to join the X network. This would increase that network and make expected 

consumption of Y decline further. The firm's profit-maximizing strategy should be, 

therefore, to invest in the innovation if they believe that there exist enough consumers 

to begin a network in product Y, and if the firm believes that future demand for product 

Y will be sufficient to cover cost. With a network base established, product V's demand 

can gain momentum and be diffused over time. However, adoption of the innovation is 

expected to be slower in case 4 than in case 3 as a result of the cost differences. 

When network economies are present a firm cannot disregard the value that 

consumers place on network benefits. In the presence of network economies, the firm's 

investment strategies are complicated by the many uncertainties that exist in demand. 

In the presence of network economies, a firm can circumvent the uncertainty that 

networks create in demand by designing innovations to be compatible with the existing 

network. This strategy has been employed for years in the telecommunications industry. 

In telecommunications the innovative fiber optics technology was designed to be 
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compatible with the existing switches technology. However, this strategy of 

compatibility may result in a decrease in the potential quality of innovations. Thus, a 

firm must decide if the benefit of compatibility dominates the benefit of increased product 

qUality. In this sense, compatibility is a quality characteristic. 

7.S CONCLUDiNG REMARKS 

Within the literature on network externalities examples of durable products are 

often cited. However, the models seldom incorporate the characteristic of durability into 

the formulation of demand. In order for a network effect to be generated it is important 

that the consumers in one period influence consumption in another. In the absence of 

durability a consumer is unable to benefit from the number of other consumers that have 

previously purchased, since a network dissolves at the end of each period. 

The purpose of this chapter is to combine the characteristics of durability and 

network effects in order to evaluate their joint impact on firm decision making strategies. 

This chapter began by modeling the impact of direct network economies on a single 

durable good producer's quantity setting strategies. Since the combination of these 

features significantly complicates the demand structure, a single seller model was 

utilized. The two-period model finds that a monopolist will increase production in period 

one and decrease production in period two, relative to a monopolist that does not 

confront network economies. Within this model, second period consumers' value for the 

product is a quadratic function of first period purchases. Therefore, as consumption in 



92 

period one increases, period two demand shifts. 

The durable goods effect results in period two price being lower than period one 

price. However, due to the network effect, the amount by which period two price 

declines is reduced. That is, as the network parameter increases, period two price 

increases. The impact of a change in the network parameter on first period price is also 

positive. As presented in Figure 9, period one willingness to pay is a quadratic function 

of period one quantity. Although the slope of the inverse demand in negative, the bow 

of the curve results in a higher willingness to pay with network economies. This 

increase in period one price is due to the impact of the network benefits of period one 

consumption on the product's value in period two. 

If a firm is considering producing an upgrade for a product that exhibits network 

economies, the firm confronts an extremely complex demand structure. The product 

upgrade, or innovation, will provide consumers with a higher quality substitute product 

choice. In the presence of network economies, the firm must determine if consumers are 

willing to sacrifice the benefits of the existing products network for higher qUality. 

Moreover, the firm must decide if it should sacrifice quality and provide an innovation 

that is compatible with the existing network. The presence of network economies slows 

a durable goods monopolist's investment in innovative technology. However, as long as 

a firm believes that there is sufficient initial demand to begin a network in the 

innovation, adoption will occur. 
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8. CONCLUSION 

In this dissertation I examined firm investment behavior within industries that are 

characterized by network economies. I analyzed the impact of indirect and direct 

networks on the adoption of innovative technologies. When networks are present an 

incumbent technology has an advantage over an entrant, due to the value consumers place 

on an installed network of compatibility. This network can create a barrier to entry for 

the innovation. 

I extended the existing literature on networks and innovation to investigate two 

areas that have previously been neglected. I analyzed indirect network economies by 

investigating the ability of firms, producing complementary products, to coordinate 

investment decisions over time. I also investigate direct network economies within a 

durable goods model to determine the influence of network economies on firm behavior. 

These extensions to the existing literature provide an insight into investment strategies 

when networks exist. 

Within industries characterized by indirect networks, strategic interdependencies 

exist as firms, who produce complementary products, invest in innovative technologies. 

Although firms possess the technology to develop innovative products, diffusion of these 

products often involves varying levels of investment coordination. Even in the presence 

of industry standards, it is necessary for firms to coordinate investment strategies so that 

a new product might appear on the market accompanied by a minimal network of 

compatible complementary products, enticing consumer demand. 

I utilized game theoretic techniques to model this coordination process as it 
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evolves over time. I modeled the investment process as a two-person version of a time-

dependent multi-stage coordination game (MSCG). The parameterization of this model 

defined three rankable Nash equilibrium strategy paths, with a unique Pareto-dominant 

Nash equilibrium (PDNE) strategy path. Moreover, the parameterization maintained an 

initial advantage to the existing technology, as well as a dominating superiority to the 

innovation if successfully adopted. 

To determine if observed behavior is consistent with Nash refinements of selection 

among Pareto-rankable Nash equilibrium strategy paths, I conducted economic 

experiments at the University of Arizona. From the experimental data it can be 

concluded that in the absence of communication the level of strategic uncertainty which 

exists among producers of complementary products can impede the successful adoption 

of innovations. The simpler the environment the easier it is for firms to learn to 

coordinate over time. Moreover, the presence and size of an installed network advantage 

for an existing technology can deter coordination toward successful adoption. Even in 

a complete information setting, firms are not able to identify the PDNE strategy path and 

focus on it. 

I find that increasing the size of the installed base slows the movement toward the 

innovative technology; however, subjects did move. This result is consisted with the 

findings of Liebowitz and Margolis. That is, if there exist sufficient gains associated 

with moving toward the innovative technology these gains will be exploited. I realize 

that there is a threshold that could deter adoption: the magnitude of the existing network 
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that would make moving unprofitable. The finding that adoption is slowed, but not 

halted, also supports the realization that innovative products that exhibit network 

economies have been and are being adopted. From this experimental research I have 

gained insights into the characteristics of an industry that can slow adoption of new 

technology. 

To take this research further, I feel it is important to investigate an environment 

which does not provide complete information. Also, the payoff associated with 

successful adoption of an innovative technology is seldom known with certainty. Thus, 

a further extension of this research should include a treatment in which the final payoff 

in payoff Table 9 has an unknown value, known distribution and known mean. In the 

study of investment in innovative technologies, it can not be overlooked that there are 

instances in which one firm leads the industry, thus a sequential move model deserves 

consideration. Also, in practice vertical integration often is a way to circumvent the 

coordination problem. If a firm has the potential to provide a minimal support network 

for its own products, then it can move to the innovation and signal its intent to others. 

This is an important feature and deserves investigation. 

Often when examples are given to explain adoption of innovations in the presence 

of network economies durable products are cited (eg. cellular telephones and computers). 

However, throughout the standards and network literature, models seldom maintain 

durability. In this dissertation, I modeled the impact of direct network economies on a 

durable goods monopolist that produced a single product. This model revealed that a 
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durable goods monopolist is able to achieve higher profits within a model that exhibits 

network economies than without. Moreover, there is an increase in first-period quantity 

and the a decrease in second-period quantity. The presence of network economies also 

increases prices in period one and period two, relative to an industry that does not exhibit 

network economies. Due to the influence of first-period consumption on second-period 

product value, consumers have a higher willingness to pay in period one. 

Finally, I discussed how the combination of durability and network economies 

affect investment in incompatible product upgrades. The firm must determine if 

consumers value the existing product's network more, or less, than the higher quality of 

the innovation. Moreover, the firm must determine if designing the innovation to be 

compatible with the existing network will encourage demand even at a loss of quality. 

The importance of this research is to better understand the industry characteristics that 

influence the adoption of innovative technologies. 
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APPENDIX A: THEORETICAL SOLUTIONS TO GAME 1 

The extensive form game tree is used to solve the six stage game. The game is 

solved recursively assuming agents play a Nash equilibrium in each sub-game. The 

extensive form of the game is too cumbersome to represent in one figure, therefore, the 

figure is presented in a tlow chart format. Note that * indicates a Nash equilibrium. 
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APPENDIX B: THEORETICAL SOLUTIONS TO GAME 3 

The extensive form game tree is used to solve the six stage game. The game is 

solved recursively assuming agents play a Nash equilibrium in each sUb-game. The 

extensive form of the game is too cumbersome to represent in one figure, therefore, the 

figure is presented in a flow chart format. Note that * indicates a Nash equilibrium. 

PERIOD 6 TABLE 9 PERIOD 5 TABLE 9 PERIOD 4 TABLE 9 PERIOD 3 TABLE 9 

[~ RJ R3 RJ 

C3 C3 C3 C3 

'(300,300) RJ R3 R3 

C3 C3 C3 

'(600,600) R3 R3 

C3 C3 

'(900,900) RJ 

C3 

'( 1200,1200) 

PERIOD 6 TABLE 8 PERIOD 5 TABLE 8 PERIOD 4 TABLE 8 PERIOD 3 TABLE 8 

~ C~ C3 ~, ~, ~ 
'( 150,1~51 (60,60) TO TO TO TO TO TO 

PO 6 PO 6 PO 5 PO 5 PO 4 PD 4 
TABLE 8 TABLE 9 TABLE 8 TABLE 9 TABLE 8 TABLE 9 

(300,250) '(360,3601 (510,485) '(660,660) (810,785) '(960,960) 

PERIOD 6 TABLE 7 PERIOD 5 TABLE 7 PERIOD 4 TABLE 7 PERIOD 3 TABLE 7 

~, ~, ~, ~, 
(0,50) .( 150,125) TO TO TO TO TO TO 

PD 6 PD 6 PO 5 PO 5 PO 4 PO 4 
TABLE 7 TABLE 8 TABLE 7 TABLE 8 TABLE 7 TABLE 8 

(150,175) '(300,250) (300,300) '(510,485) (510,535) '(810,785) 



PERIOD 6 TABLE 6 PERIOD 5 TABLE 8 

lC3 

y~ 
{C3 

~R3 
'( 1~5,150) (60,60) TO TO 

PO 6 PO 6 
TABLE 6 TABLE 9 

(185,210) '(300,300) 

PERIOD 0 TABLE 5 PERIOD 5 TABLE 5 

[ C3 

~~ 
[C3 

~ 
(50,0) '(1:5,150) TO TO 

PO 8 PO 0 
TABLE 5 TABLE 6 

(175,150) '(250,SOO) 

PERIOD 6 TABLE 4 

PERIOD 4 TABLE 0 

~ 
TO TO 
PO 5 PO 5 

TABLE 6 TABLE 9 
(485,510) '(600,600) 

PERIOD 4 TABLE 5 

lC3 

~ 
TO TO 
PO 5 PO 5 

TABLE 5 TABLE 6 
(300,300) '( 485,510) 

PERIOD 3 TABLE 6 

TO 
PO 4 

TABLE 6 
(785,810) 

TO 
PO 4 
TABLE 9 

'(960,9601 

PERIOD 3 TABLE 5 

f3 
~ 
TO TO 
PD. PO 4 

TABLE 5 TABLE 6 
(535,510) '(785,810) 

~
• 1!.3 - - .... 

C2 C:lC2- C3 

'(175,175) (1:5,150) (150,125) (00,60) 

PERIOD 5 TABLE 4 

TO TO 
PO 6 PO 6 PO 0 PO 6 

TABLE. TABLE 6 TABLE 8 TABLE 9 
'(350,350) (250,300) (300,250) '(360,360) 

PERIOD 3 TABLE 4 

~" 
TO TO TO TO 

PO ~ PO 4 PO 4 PO 4 
TABLE 4 TABLE 0 TABLES TABLE 9 
(700,700) (785,810) (810,785) '(960,9E0) 
(710,1\0) 
'(835,835) 

PERIOD 4 TABLE 4 

TO TO 
PO 5 PO 5 

TABLE 4 TABLE 6 
'(525,525) (485,510) 

'(535,535) 

TO TO 
PO 5 PO 5 

TABLE 8 TABLE g 
(510,485) '(660,660) 

PERIOD 2 TABLE 4 

TO TO 
PO 3 PO 3 

TABLE 4 TABLE 6 
(1010,1010) (1085,1110) 
'(1135,1135) 

TO TO 
PD:I PO 3 

TABLE 8 TABLE 9 
(1110,1085) '(1260,1260) 

102 



PERIOD 0 TABLE 3 

,- - - - .... , ~
IU 

Cl C2 - cC c: 

(50,100) (l25,125) (0,75) '(150,125) 
PERIOD 5 TABLE 3 

TO TO TO TO 
PO 6 PO 6 PO 6 PO 6 

TABLE 3 TABLE 4 TABLE 7 TABLE 8 
\:00,::5) '(300,300) (150,200) '(300,250) 

PERIOD 3 TABLE 3 

,~. 
~~2- .: -= -= ~2 
TO TO TO TO 

PO 4 PO 4 PO 4 PO 4 
TABLE 3 TABLE 4 TABLE 7 TABLE 8 
(560,585) (650,650) (510,560) '(810,785) 

(660,660) 
(785,785) 

PERIOD 6 TABLE 2 

PERIOD .. TABLE 3 

TO TO 
PO 5 PO 5 

TABLE 3 TABLE 4 
(350,400) (475,475) 
(350,350) (485,185) 

TO TO 
PO 5 PO 5 

TABLE 7 TABLE 8 
(300,325) '(510,485) 

PERIOD 2 TABLE 3 

, - - -_- _ -"J ~
IU 

CI -C2 - - CI C2 

TO TO TO TO 
PO 3 PO 3 PO 3 PO 3 

TABLE 3 TABLE 4 TABLE 7 TABLE 8 
(860,8115) (960,POO) (810,860) '(1110,1085) 

(1085,1085 ) 

~
1 IU 

,- - - -
C: C3 (;2- C3 

(100,50) (75,0) (125,125) '( 125,150) 
PERIOD 5 TABLE 2 

~~ 
TO TO TO TO 

PO 6 PO 6 PO 6 PO 6 
TABLE: TABLE 5 TABLE.. TABLE 6 
(225,200) (:00.150) '(300.300) '(250,300) 

PERIOD 3 TABLE .1 

~, 
TO TO TO TO 

PO .. PO 4 PO .. PO .. 
TABLE 2 TABLE 5 TABLE.. TABLE 6 
(58~,S50) (560.510) (650,650) '(785,810) 

(660,660) 
(785,;85) 

PERIOD 4 TABLE 2 

~ 
TO TO TO TO 

PO 5 PO 5 PO 5 PO 5 
TABLE 2 TABLE 5 TABLE 1 TABLE 6 
(100,350) (3:5,300) (475,475) '(485,510) 
(350,350) (485,185) 

PERIOD 2 TABLE 2 

~ 
TO TO TO TO 
PD3 PD3 PD3 PD3 

TABLE 2 TABLE 5 TABLE 1 TABLE 6 
(885,860) (860,810) (960,960) '(1085,1110) 

(1085,1085) 

103 



---- ------- -----

PERIOD 8 TABLE I 

,~~. 
~~~c: 

'(100,100) (100,10) (10,100) (25,25) 

PERIOD 5 TABLE I PERIOD 4 TABLE I 

~, 
TO TO TO TO 

PO 6 PO 6 PO 6 PO 6 
TABLE I TABLE 4 TABLE 7 TABLES 
'(200,200) (225,160) (16O,n5) (200,200) 

TO TO 
PO 6 PO 5 

TABLE I TABLE 4 
(300,300) '(400,310) 

'(350,310) 

TO 
PD 5 

TABLE 7 
'(310,400) 
(310,350) 

PERIOD 3 TABLE I 

r~~-, 
PERIOD 2 TABLE I 

;;/\~ - - -~2 

TO TO TO TO 
PD4 PD4 PD4 PD4 

TABLE I TABLE 4 TABLE 7 TABLE 8 
(500,410) '(585,520) '(520,585) (550,550) 
(410,500) (560,S60) 
(475,475) '(685,685) 
(485,485 ) 

TO 

PERIOD I TABLE I 

TO TO 
PO 2 PD 2 
TABLE 2 TABLE 3 

TO 
PO 2 

TABLE 4 

TO 
PD 3 

TABLE I 
(686,6:0) 
(020,6S5 ) 
(785,785 ) 

PD 2 
TABLE 1 

(985,920) 
(920,985) 
(IOS5,1085) 

'( 1185,1120)'( 1120,1185) (1160,1160) 
'(1285,1285) 

TO 
PO 3 
TABLE 4 

'(885,820) 

TO 
PO 3 

TABLE 7 
'(820,885) 

TO 
PD 5 

TABLE 8 
'(375,376) 
'(385,385) 

TO 
PO 3 

TABLE 8 
(860,860) 

'(985,985) 

104 



APPENDIX C: EXPERIMENT INSTRUCTIONS 

GENERAL INSTRUCTIONS 

105 

You are about to participate in an experiment in the economics of decision 

making. The instructions are simple, and if you follow them carefully and make good 

decisions, you might earn a considerable amount of money to be paid to you in cash at 

the end of the experiment. 

This experiment will consist of four separate sessions. Each session will consist 

of six decision making periods. During a given session you will be paired with another 

player. For the length of the session you will be paired with the same player. However, 

for each new session of the experiment you will be paired with a new player, who you 

will confront for six periods. During today's experiment you will be paired with four 

different players. The pairings have been arranged so that you will play with each player 

only once. That is, you will never play against the same player in two separate sessions. 

Throughout the experiment you will not know the identity of the player that you 

are paired with. Similarly, the player that you are paired with will not know your 

identity. Each player will be given a number and only the experimenter will know who 

is paired together. 

One player will be designated player R and the other will be designated player C. 

At the beginning of each period both players must separately and independently select 

an action. The combined actions of player R and player C (an action pair) will jointly 

determine the number of points earned by player R and player C. 
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INSTRUCTIONS TO PLAYER R 

In your folder you will find Figure A and Figure I. Figure A will be used in the 

instructions and Figure I is the set of tables that you will use throughout today's 

experiment. As player R you may either choose action Rl, action R2, or action R3. 

Similarly, player C may choose action CI, action C2, or action C3. Note that for some 

of the tables in both Figure A and Figure I all three action choices are not available. 

The table that you face in a particular period of the session will determine which of the 

three actions choices are available. 

In period one of a session you and player C will confront Table 1. Table 1 of 

Figure A is duplicated below. The number of points earned by you is given by the first 

component of the point pair in Table I for each pair of actions you and player C might 

select: 

C's Action 

Cl C2 

Rl (l25,125h. (125,25)1'2 

R's Action R2 (25,125)'f3 (50,50h4 

TABLE 1 

In Table 1, you may choose action Rl or action R2 and player C may choose 

action CI or action C2. The payoff for an action pair indicates player R's payoff 

followed by player C's payoff: (R points, C points). To read this table, suppose 

you chose action R2 and player C chose action C I. You would then earn 25 points and 
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player C would earn 125 points. In addition, the chosen action pair shows which table 

you and player C will confront in the following period, period 2. Given the action pair 

[R2, CIl, T3 shows that you will face Table 3 in period 2 of the session. Looking at 

Table 3 of Figure A (duplicated below) indicates that in period 2 of the session you may 

choose action RI, action R2, or action R3. Player C has the choice of action Cl or 

action C2. 

C's Action 

Cl C2 

Rl (125,125ht (125,25)1'2 

R's Action R2 (25,125h3 (150,150h4 

R3 (0,50)17 (170, 150hs 

TABLE 3 

Suppose that you chose action R2 and player C chooses action C2. You would 

earn 150 points this period and player C would earn 150 points this period. From this 

action pair, you would both 

face Table 4 (T4) in period 3 of the session. Therefore. your action decision in each 

period will determine the points you will earn and the Table you will face in the next 

period. 

In your folder, you will find a record sheet and twenty four transaction cards. 

When you select an action, enter the chosen action on the transaction card for that period 

and place it blank side up on the desk in front of you. 
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TRANSACTION CARD: Player __ 

Period Action Choice ----

Also, record the action chosen on your record sheet. Once all players have selected their 

actions, the experimenter will collect the transaction cards and determine the number of 

points earned by you and player C and the table that you will face in the following 

period. The results will be returned to you on a result card. The message will look like 

the following: 

RESULT CARD: Player_ 

PERIOD 1 Points Earned -----
PERIOD 2 TABLE ----

At the end of the period, you are to record your point earnings on your record 

sheet and indicate the table you will face in the following period. For the example 

presented above your record sheet would be as follows: 

RECORD SHEET: Player_ 

SESSION 1 

PERIOD TABLE 

R2 

2 3 R2 

3 4 

ACTION 

25 

150 

POINTS EARNED 
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After you have filled out the record sheet, you will begin the next period of the 

session. There will be a total of six periods in the session. At the end of period 6 you 

will add your total number of points earned in the 6 periods to determine your earnings 

for the session. At the end of each session you will be paired with a new player and will 

begin a new session at Table 1. There will be a total of 4 separate sessions; you will 

never play the same player in two separate sessions. 

To determine your cash earnings from the experiment, your total number of points 

will be divided by 400. For example if you earn 4000 points in the experiment (4 

sessions) you will earn $10.00. At the end of the experiment the record sheets will be 

collected by the experimenter and you will be called up individually to receive your cash 

earnings. 

If you have any questions about the instructions please raise your hand and ask 

the experimenter. It is important to fully understand the instructions of the experiment 

in order to maximize the amount of money you can earn. Please take time now to 

review any part of the instructions that you need to. Also, before period one decisions 

are made you will be given plenty of time to examine Figure I. During each period you 

may take as long as you need to make your action selection. It is important that you take 

your time and accurately record your action selection. 

ARE THERE ANY QUESTIONS? 
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INSTRUCTIONS TO PLAYER C 

In your folder you will find Figure A and Figure I. Figure A will be used in the 

instructions and Figure I is the set of tables that you will use throughout today's 

experiment. As player C you may either choose action C 1, action C2, or action C3. 

Similarly, player R may choose action Rl, action R2, or action R3. Note that for some 

of the tables in Figure A and Figure I all three action choices are not available. The 

table that you face in a particular period of the session will determine which of the three 

actions choices are available. 

In period one of a session you and player R will confront Table 1. Table 1 of 

Figure A is duplicated below. The number of points earned by you is given by the 

second component of the point pair in Table 1 for each pair of actions you and player 

R might select: 

C's Action 

Cl C2 

Rl (125,125h. (125,25h. 

R's Action R2 (25,125)'\"3 (50,50h4 

TABLE 1 

In Table I, you may choose action C 1 or action C2 and player R may choose 

action Rl or action R2. The payoff for an action pair indicates player R's payoff 

followed by player C's payoff: (R points, C points). To read this table, suppose 

you chose action C2 and player R chose action R 1. You would then earn 25 points and 
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player R would earn 125 points. In addition, the chosen action pair indicates which table 

you and player R will confront in the following period, period 2. Given the action pair 

[Rl, C2], T2 indicates that you will face Table 2 in period 2 of the session. Looking 

at Table 2 of Figure A (duplicated below) indicates that in period 2 of the session you 

may choose action Cl, action C2, or action C3. Player R has the choice of action Rl 

or action R2. 

C's Action 

Cl C2 C3 

Rl (125,125).... (125,25),'2 (50,Ohs 

R's Action R2 (525,125)"'3 (150,150)"'4 (150,170)"'6 

TABLE 2 

Suppose that you chose action C2 and player R chooses action R2. You would 

earn 150 points this period and player R would earn 150 points this period. From this 

action pair, you would both face Table 4 (T4) in period 3 of the session. Therefore. 

your action decision in each period will determine the points you earn and the Table you 

will face in the next period. 

In your folder, you will find a record sheet and twenty four transaction cards. 

When you select an action, enter the chosen action on the transaction card for that period 

and place it blank side up on the desk in front of you. Also, record the action chosen 

on your record sheet. Once all players have selected their actions, the experimenter will 

collect the transaction cards and determine the number of points earned by you and 
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player R and the table that you will face in the following period. 

TRANSACTION CARD : Player_ 

Period Action Choice ---

The results will be returned to you on a result card. The message will look like the 

following: 

RESULT CARD: Player __ 

PERIOD 1 Points Earned -----
PERIOD 2 TABLE ___ _ 

At the end of the period, you are to record your point earnings on your record 

sheet and indicate the table you will face in the following period. For the example 

presented above your record sheet would be as follows: 

RECORD SHEET: Player _ 

SESSION 1 

PERIOD 

1 

2 

3 

2 

4 

TABLE 

C2 

C2 

ACTION 

25 

150 

POINTS EARNED 
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After you have filled out the record sheet, you will begin the next period of the 

session. There will be a total of 6 periods in the session. At the end of period 6 you 

will add your total number of points earned in the 6 periods to determine your earnings 

for the session. At the end of each session you will be paired with a new player and will 

begin a new session, at Table 1. There will be a total of 4 separate sessions; you will 

never play the same player in two separate sessions. 

To determine your cash earnings from the experiment, your total number of points 

will be divided by 400. For example if you earn 4000 points in the experiment (4 

sessions) you will earn $10.00. At the end of the experiment the record sheets will be 

collected by the experimenter and you will be called up individually to receive your cash 

earnings. 

If you have any questions about the instructions please raise your hand and ask 

the experimenter. It is important to fully understand the instructions of the experiment 

in order to maximize the amount of money you can earn. Please take time now to 

review any part of the instructions that you need to. Also, before period one decisions 

are made you will be given plenty of time to examine Figure I. During each period you 

may take as long as you need to make your action selection. It is important that you take 

your time and accurately record your action selection. 

ARE THERE ANY QUESTIONS? 
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APPENDIX D: PAIRED T-TEST STATISTICAL TABLES 

TABLES I - III PRESENT WITHIN GAME PAIRED COMPARISONS OF SESSIONS 

TABLE I : PDNE STRATEGY PLAY 
(P-Value) 

Game 1 Game 2 Game 3 Game 4 
Session 11 Session 2 -3.438 -4.139 -6.512 -3.856 

(.001) (.000) (.000) (.000) 
Session 11 Session 3 -7.555 -7.681 -6.072 -5.102 

(.000) (.000) (.000) (.000) 
Session 11 Session 4 -6.635 -8.211 -5.711 -5.902 

(.000) (.000) (.000) (.000) 
Session 21 Session 3 -2.855 -2.688 0.000 -1.824 

(.006) (.009) (1.00) (.073) 
Session 21 Session 4 -3.036 -3.049 0.000 -2.457 

(.004) (.003) (1.00) (.017) 
Session 31 Session 4 0.000 -0.468 0.000 -0.444 

(1.00) (.641) (1.00) (.659) 

TABLE II : PAIRS TO TABLE 9 
(P-Value) 

Game 1 Game 2 Game 3 Game 4 

Session 11 Session 2 -1.272 -2.688 -2.326 -3.584 
(.209) (.009) (.024) (.001) 

Session 11 Session 3 -1.272 -4.381 -2.059 -3.584 
(.209) (.000) (.044) (.001) 

Session 11 Session 4 -2.574 -5.065 -2.326 -4.484 
(.013) (.000) (.024) (.000) 

Session 21 Session 3 0.000 -1.625 0.574 0.000 
(1.00) (.109) (.569) (1.00) 

Session 21 Session 4 -1. 000 -2.206 0.000 -1.351 
(.322) (.031) (1.00) (.182) 

Session 3/ Session 4 -1.000 -0.704 -0.704 -1.626 
(.322) (.484) (.485) (.109) 



TABLE III : PLAY OF COOPERATIVE STRATEGY 
(P-Value) 

Game 1 

Session 11 Session 2 -3.248 
(.001) 

Session 1/ Session 3 -5.622 
(.000) 

Session 1/ Session 4 -6.048 
(.000) 

Session 2/ Session 3 -2.432 
(.016) 

Session 2/ Session 4 -3.316 
(.001) 

Session 3/ Session 4 -0.727 
(.468) 

Game 2 

-5.254 
(.000) 
-7.499 
(.000) 
-9.232 
(.000) 
-2.605 
(.010) 
-4.466 
(.000) 
-1.767 
(.078) 

Game 3 

-4.911 
(.000) 
-6.417 
(.000) 
-6.832 
(.000) 
-0.714 
(.476) 
-2.227 
(.027) 
-1.570 
(.117) 

Game 4 

-5.057 
(.000) 
-4.151 
(.000) 
-7.661 
(.000) 
0.562 

(.575) 
-3.216 
(.001) 
-4.267 
(.000) 
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TABLES IV - VI PRESENT WITHIN SESSION PAIRED COMPARISONS OF GAMES 

TABLE IV : PONE STRATEGY PLAY 
(P-Value) 

All Sessions Session 1 Session 2 Session 3 Session 4 

Game 1/ Game 2 4.760 2.465 2.284 2.53 2.207 
(.000) (.017) (.026) (.014) (.032) 

Game 1/ Game 3 4.240 2.634 0.405 2.932 2.701 
(.000) (.01l) (.687) (.005) (.009) 

Game 1/ Game 4 8.512 3.891 3.154 5.621 4.864 
(.000) (.000) (.003) (.000) (.000) 

Game 2/ Game 3 -0.395 0.000 -1. 700 0.178 0.683 
(.693) (1.00) (.095) (.859) (.498) 

Game 2/ Game 4 2.921 0.814 1.043 1.642 2.207 
(.004) (.419) (.301) (.107) (.032) 

Game 3/ Game 4 3.269 0.814 2.604 1.737 1.137 
(.001) (.419) (.012) (.088) (.261) 



TABLE V : PAIRS TO TABLE 9 
(P-Value) 

All Sessions Session 1 Session 2 Session 3 Session 4 

Game 11 Game 2 4.459 
(.000) 

Game 11 Game 3 3.711 
(.000) 

Game 11 Game 4 7.880 
(.000) 

Game 2/ Game 3 -0.697 
(.487) 

Game 2/ Game 4 3.825 
(.000) 

Game 3/ Game 4 4.445 
(.000) 

3.815 2.634 1.158 0.814 
(.001) (.011) (.252) (.419) 
2.207 1.272 1.946 1.946 
(.032) (.209) (.057) (.057) 
5.836 3.622 3.424 2.842 
(.000) (.001) (.001) (.006) 
-1.098 -1.428 0.531 1.158 
(.277) (.159) (.598) (.252) 
2.105 1.151 2.190 2.214 
(.040) (.255) (.033) (.031) 
3.287 2.516 1.839 1.070 
(.002) (.015) (.071) (.289) 

TABLE VI : PLAY OF COOPERATIVE STRATEGY 
(P-Value) 

All Sessions Session 1 Session 2 Session 3 Session 4 

Game 11 Game 2 8.553 
(.000) 

Game 11 Game 3 6.691 
(.000) 

Game 11 Game 4 14.324 
(.000) 

Game 2/ Game 3 -1.785 
(.075) 

Game 2/ Game 4 5.804 
(.000) 

Game 3/ Game 4 7.875 
(.000) 

5.922 
(.000) 
4.053 
(.000) 
7.677 
(.000) 
-1.733 
(.084) 
1.938 
(.054) 
3.772 
(.000) 

3.893 
(.000) 
2.301 
(.022) 
6.318 
(.000) 
-1.715 
(.087) 
2.237 
(.026) 
4.055 
(.000) 

3.750 
(.000) 
3.831 
(.000) 
8.642 
(.000) 
0.000 
(1.00) 
4.551 
(.000) 
4.920 
(.000) 

3.228 
(.001) 
3.293 
(.001) 
6.091 
(.000) 
0.277 
(.782) 
3.020 
(.003) 
2.945 
(.003) 
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APPENDIX E: DURABLE GOOD PROOFS 

PROOF A: AS A APPROACHES ZERO BULOW'S RESULTS ARE OBTAINED 

Using L'Hopital's Rule it is possible to show that as A approaches zero Bulow's[1982] 

results are obtained, when marginal costs equal zero. 

+ I -
(60(1 +P)+3f,'-) P'(5+4p)'+ 120).(1 +P)+3f,'-' )"~ 

-3 

Taking the limit as A approaches zero results as: 

Simplifying (A2): 

+ I - [ 2a(1 +p) ] 
- P(5+4p) 

(AI) 

(A2) 

(A3) 

The positive solution of equation (A3) is the optimal first period quantity of the Bulow 

[1982] model, when firm marginal costs are zero. 
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PROOF B: THE IMPACT OF)" ON FIRST PERIOD OUANTITY IS POSITIVE 

P(5+4p)-

(Bl) 

To show that equation (Bl) is positive, it must be shown that: 

(B2) 

> 

To eliminate the radical in the denominator, both sides are multiplied by the 

denominator. 

(B3) 
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Simplifying (B3): 

P(5+4p) (B4) 

Squaring both sides: 

~'(s +4p)' [p'(S +4p )'+ 12«),(1 + p) + 3 ;> ,] (BS) 

> P4(5+4p)4+ 12£xA, P2(5 +4p)2(1 +p) +36£x2A, 2(1 +p)2 

Simplifying (BS): 

(B6) 

Simplifying (B6): 

(5+4p)2 > 12(1+p)2 (B7) 

Expanding equation (B7): 

25+40p+16p2 > 12+24p+12p2 (B8) 

13+16p+4p2 > 0 (B9) 

Since p was defined as E [0,1], it follows that equation (B9) and the proof are satisfied. 



PROOF C: AN INCREASE IN A WILL INCREASE PERIOD TWO PRICE 

When network economies are not present P2(O) is defined as: 

The profit-maximizing tirst period quantity, q.·(o), is defined as: 

Therefore: 

2a(1 +p) 

P(5+4p) 

(0) = a(3+2p) 
P2 2(5+4p) 

When networks exist in an industry, period two price is defined as: 

Where q.(n)· is defined as: 

a + qt(n)" *A.-p) - ql(n)"2A. 

2 

a 2 
P2(5+4p)2+ 12aA.(1 +p)+3-A. 2 - P(5+4p) 

n.2 
q;(n) = --'---------..:...",------

3;" 
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(CI) 

(C2) 

(C3) 

(C4) 

(CS) 

To show that period-two price is higher when networks are present, I will show that the 

difference between equations (C4) and (C3) is positive. 



That is: 

pz(n) - pz(o) > 0 

a + qt(1l)+( tA -p) - qt(n)+zA 

2 

> 0 
a(3+2p) 

2(5+4p) 
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(C6) 

Equation (C6) can be expressed as: 

( 
(1 +p) _ (S+4P») + p2 (S+4p) 

a (S+4p) 6 6A 

+ (~ + P(7+8 P») P2(S+4p?+12aA(1+p)+3 a
2 

A2 
6p 18A pZ (C7) 

a2 
2p2(S +4p)2+ 12ctA(1 +p)+3-A 2 

n2 
P > 0 

18A 

Equation (C7) is simplified as: 

_ a(39+70P+32p2») + P2(5+4P)(_1 _ (S+4P»)_ a2
A 

6(5+4p) 6A 9A 6p2 (C8) 

+ (~+ P(7+8 P») P2(5+4p)2+12aA(1 +p)+3 a
2 

A2 > 0 
6p 18A p2 

a(39+70P+32p2») + (p2(5+4P) (7+8 P») + a
2
A 

(S+4p) 3A p2 (C9) 

< (~ + P(7+8 P») P2(S+4p?+12aA(1 +p)+3 a
2 

A2 
p 3A p2 



Squaring both sides: 

Collecting terms: 

Simplifying equation (CII): 

_ (329+ 1300p + 1868p2+ 1152p3 +256p4)] 

(5+4p)2 
41X3>"(13+26p+12p2) _ 21X4 >..4 < 0 

p2 p4 
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(Cll) 

(C12) 

Since a, {3, A, and p are all positive equation (C12) is satisfied. Thus, the proof is 

satisfied. 



PROOF D: AN INCREASE IN " WILL INCREASE PERIOD ONE PRICE 

When network economies are not present PI(O) is defined as: 

P (0) = [~ - pqtj (3+2p) 
I 2 (1+p) 

The profit-maximizing first-period quantity, ql", is defined as: 

Therefore: 

ql(O)" = 2~(1 +p) 
P(5+4p) 

o _ ~(3+2p)2 
PI( ) - 2(5+4p)(1 +p) 

When networks exist in an industry, period one price is defined as: 

Where ql(n)" is defined as: 

124 

(Dt) 

(D2) 

(D3) 

(D4) 

(D5) 
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Thus: 

(D6) 

+ 

To show that period-one price is higher when networks are present, I will show that the 

difference between equations (06) and (03) is positive. That is: 

+ 

It must be shown that: 

3('(}'( -27 -46p _20p2) 

(5+4p) 

> - (3;}.+P(l+2P») 

> 0 (D7) 

(D8) 



Squaring both sides: 

Collecting terms: 

lScx4A4 + 18~A3(7+8P_(27+46P+20P2») 
p4 p2 (5+4p) 

+ 3cx2A2(1+2p)(lS+18p) >0 

+ 9CX2A2(- (27+46p+20pz)z +(5+4P)Z) 
(5+4p)2 

Simplifying equation (D 10): 

To satisfy the proof, it is sufficient to show that: 

>0 
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(DIO) 

(Dll) 

(D12) 

(D13) 
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Simplifying further: 

1521 + 5316p + 7064p2 + 4208 p3 + 944 p4 > 0 
(D14) 

Given that p is positive by assumption, the proof is satisfied. 
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PROOF E: THE IMPACT OF p ON FIRST PERIOD QUANTITY IS POSITIVE 

(EI) 

To show that equation (EI) is positive, it must be shown that: 

[ - 4P] > - (E2) 

To eliminate the radical in the denominator, both sides are multiplied by the 

denominator. 

- 4P (E3) 

Simplifying (E3): 

(E4) 
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Squaring both sides: 

(E5) 

Simplifying equation (ES): 

(E6) 

It must be shown that: 

(E7) 

Thus, if equation (E7) is satisfied, then p has a positive impact on first period quantity. 
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