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Introduction 

Over the last decades, technological progress has brought about a multitude of 
standardization problems. For instance, compatibility standards ensure the 
interoperability of goods, which is of decisive importance when users face 
positive externalities in consumption. These so-called "network externalities" 
refer to goods such as telephones or fax machines, which would generate only 
small benefits if they were adopted by few users. Such communication net
works involve direct network effects in that the consumption benefit of a sin
gle user directly increases with the number of network participants. The exis
tence of network externalities suggests that the allocation in network markets 
may be inefficient. Typically, the buyer of a network good takes into account 
his private costs and benefits without internalizing the network benefits he 
generates for other network participants. Thus, an important question in the 
economics of network effects and standardization is whether network markets 
bring about efficient standards. 

Since the early contributions by David (1985), Farrell and Saloner (1985), 
Katz and Shapiro (1985), a vast literature on network effects and standardiza
tion has been evolving. But yet, little attention has been devoted to the formal 
analysis of how standardization and consumers' expectations interact. Expec
tations are of decisive importance of whether a new technology will prevail as 
de-facto standard or not. Early adopters must be confident that the network 
good will be successful. Thus, it may be worthwhile for firms to influence 
expectations. A classical tactic aimed at influencing expectations is product 
pre-announcement. By pre-announcing its upcoming technology, a firm may 
increase the expected network size of its new technology to the disadvantage 
of the rival's technology. For instance, in the mid 1980s, Borland released its 
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new spreadsheet Quatro Pro. However, its main rival Microsoft thwarted 
Quatro Pro's growth by pre-announcing (and praising) the next release of its 
competing software, Excel.̂  

Economides (1996a) discusses an alternative way to influence expectations. 
He shows that it can be worthwhile for an incumbent monopolist to share its 
technology with competitors. What drives this model result is the assumption 
that high expected sales increase consumers' willingness to pay for the net
work good. By inviting competitors into its network, the incumbent firm can 
credibly commit to a network size which exceeds its profit-maximizing mo
nopoly quantity. Thus, the incumbent firm faces a tradeoff. On the one hand, 
the invitation of rival firms increases the equilibrium network size and thus 
consumers' willingness to pay via network effects. On the other hand, the 
invitation of rival firms involves competition. For a given level of expected 
sales, this "competition effect" has a negative impact on the incumbent's 
profit. 

This type of expectation management can also be applied to the case of in
direct network effects and systems competition.^ Then, the supplier of a hard
ware-software system may invite independent suppliers of compatible soft
ware products, thereby committing credibly to a large variety of software. 
Alternatively, buyers would run the risk of facing a small variety of software 
in the fiiture. Due to high switching costs, they might be "locked-in" to the 
corresponding hardware-software system.̂  IBM's strategy of licensing its 
technology to independent hardware and software manufacturers gives an 
example for successful expectation management to establish the PC standard. 
The rival Apple-Mac network followed another strategy. The first ten years 
after the introduction of the Mac, Apple refused to license independent manu
facturers, so-called clones. As a consequence, Apple's market share constantly 
decreased. 

Thus, numerous examples suggest that expectations are "a key factor in 
consumer decisions about whether or not to purchase a new technology,..." 

See Farrell and Saloner (1986a) for a formal analysis of product pre-
announcements. 
See Holler, Knieps and Niskanen (1997) for an overview of various models with 
network effects. 

^ See Klemperer (1987), Farrell and Shapiro (1988), Arthur (1989), Beggs and 
Klemperer (1992) and Witt (1997) for a discussion of consumer lock-in. 
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(Shapiro and Varian, 1999, p. 275). Consisting of three essays on various as
pects of standardization and expectations'̂ , this thesis aims at deepening our 
understanding of how standards and expectations interact. The analysis puts an 
emphasis on the following main questions: 

1. How may existing standards affect the agents' expectations? 
2. How may expectations affect the evolution of standards? 
3. What are the welfare implications of the equilibrium, and which solutions 

would be imposed by a "social planner"? 

The main purpose of the first essay is to find economic reasons why univer
sity examinations should be standardized, Le. why the requirements should be 
comparable among different universities. The essay refers to the main question 
of how standards may affect agents' {i.e. employees' and employers') expec
tations. Here, standardization is considered as a means of reducing variation in 
examination requirements. This kind of reference standard may be realized by 
introducing central examinations. Or alternatively, diplomas should qualify for 
accreditation by certification bodies. 

Starting from the basic signaling model, taken from Spence (1973), the first 
essay analyzes the welfare implications of signaling. Whereas signaling is 
only a distributive device in the basic model, an extension of the model shows 
that signaling may increase total output by enabling correct matching of em
ployees to jobs. If examination requirements vary among universities, the job-
matching effect deteriorates. This situation of incomplete information about 
the signal's quality is formalized as a Bayesian Game. Employers and em
ployees are assumed to know the distribution of examination requirements. On 
the basis of this common knowledge, employers form expectations about 
whether a signaling employee belongs to the more productive type or not. By 
standardizing the requirements, the educational signal regains reliability and 
recovers its job-matching function. However, there is a tradeoff between the 
job-matching function and total signaling costs. 

The second essay analyzes the competition between two firms when their 
incompatible technologies exhibit network effects. We mainly refer to the 

"̂  The analysis is not confined to compatibility standards and network effects. In fact, 
it also deals with so-called reference standards, which facilitate the transaction of 
complex goods by describing product features. See 2.1, for a taxonomy of stan
dards. 
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problem of how compatibility standards may affect consumers' expectations.^ 
Our framework distinguishes between two different regimes of standardiza
tion. Whereas the first regime involves that firms compete within a joint net
work {intra-technology competition), the second regime refers to standardiza
tion by means of blockaded or deterred entry of a rival technology {inter-
technology competition). 

Following Economides (1996a), we assume that high expected sales in
crease the willingness to pay for the corresponding good. At the equilibrium 
level, consumers' expectations have to be fulfilled. Whereas the model by 
Economides is confined to intra-technology competition, we will analyze both 
intra-technology and inter-technology competition. An incumbent firm faces 
the strategic choice of whether to share its superior technology (via free li
censing) with a follower or to keep its technology for itself The first option of 
sponsoring intra-technology competition increases the incumbent firm's net
work and thus consumers' willingness to pay because the incumbent credibly 
commits to a larger network. On the other hand, the latter option involves 
inter-technology competition. Depending on the relative cost advantage of the 
incumbent firm, the entry of the rival technology may be blockaded, both 
technologies can coexist in an incompatible duopoly or the incumbent firm 
may deter the market entry of its rival. The essay investigates the incumbent 
firm's choice of whether to sponsor intra-technology competition or to insist 
on inter-technology competition. 

The third essay deals with standardization of nascent technologies. A com
mon characteristic of nascent technologies is that consumers cannot com
pletely assess the product's quality at the time of market launch. We make the 
assumption that consumers learn about the actual stand-alone value of a tech
nology after using it ("learning by using"). Before using the technology, con
sumers are assumed to know the distribution of stand-alone values, only. We 
will present a two-period framework with two competing network technolo
gies and two consumers. In the first period, consumers may adopt incompati
ble technologies {experimentation), or they can choose a joint technology {ex-
ante standardization). In the second period, the stand-alone values of all tech-

However, the second essay also touches on the subject of how expectations may 
affect the evolution of standards. The incumbent's strategic choice between inter-
technology and intra-technology competition involves multiple equilibria. Thus, 
consumers' expectations determine the evolution of standards. 
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nologies used in the first period become public knowledge. Based on this in
formation, each user chooses among three options: Firstly, the user may stick 
to his technology. As a second option, he can switch to the other technology. 
Finally, the user may choose an "outside option". 

Ex-ante standardization is related to consumers' expectations inasmuch as it 
involves limited information in the second period: Consumers only find out 
the actual stand-alone value of the joint technology which they have chosen as 
ex-ante standard. On the basis of the observed stand-alone value, consumers 
form expectations about the alternative technology (which they have not yet 
used), i.e, they revise the expected ex-ante value according to the Bayesian 
rule. Experimentation allows consumers to find out the actual stand-alone 
values of both technologies so that their choice of the ex-post standard is 
based on complete information. However, experimentation involves a transient 
or even persistent loss of compatibility. By means of ex-ante standardization, 
consumers enjoy network benefits from the beginning. Thus, there exists a 
tradeoff between ex-ante standardization and experimentation. 

The third essay also refers to the second main question of how consumers' 
expectations affect the evolution of standards. Consumers' ex-ante expecta
tions about the technologies' values are represented by the joint probability 
distribution, which is "common knowledge". We will analyze the impact of 
different parameters such as correlation, variance and expected values on the 
equilibrium values. For the sake of traceable results, we will assume that the 
values of two potential technologies are drawn from a bivariate normal distri
bution. The numerical analysis demonstrates that consumers prefer ex-ante 
standardization to experimentation if they expect the values of both technolo
gies to be strongly correlated. Furthermore, the model shows that if the tech
nologies are not equally attractive ex ante, there can be too much ex-ante stan
dardization compared with the social optimum, or consumers may choose an 
inferior technology as ex-ante standard. 

Table 1.1 shows a classification of the three essays with respect to the con
sidered type of standard and the problem of how standards and expectations 
interact. Since each essay deals with the third main question of how a social 
planner should intervene, this problem is omitted in our classification. The 
structure of this thesis arises from the classification. Chapter 2 is devoted to a 
brief introduction to the concept of network effects and standardization, which 
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is relevant for the understanding of subsequent chapters. Chapter 3 contains 
the first essay dealing with standardization of educational signals and job 
matching. The first essay is related to the category of reference standards. In 
Chapter 4, we will present the second essay which is devoted to the problem 
of inter-technology versus intra-technology competition in network markets. 
Chapter 5 contains the third essay on standardization of nascent technologies. 
Finally, Chapter 6 briefly summarizes the main results of this thesis. 



Table 1.1: Classification of models 

1 Introduction 

Type of Standard 

Reference Standards 

Compatibility 
Standards 

How does standardization 
affect agents' expectations? 

Model I: 
Standardization as a means of 
reducing variation in examina
tion requirements. 

Tradeoff between job-matching 
effect and total signaling costs. 

Model II: 
Standardization as a credible 
commitment to a larger net
work. 

Standardization by sponsoring 
intra-technology competition or 
as the result of inter-technology 
competition. 

Tradeoff between network size 
and competition. 

Model III: 
Standardization of nascent 
technologies. 

Experimentation involves 
complete information. 

Ex-ante standardization leads to 
limited information. Choice of 
the ex-post standard is based on 
expectations, i.e. users form 
expectations about the rival 
technology's value according to 
the Bayesian Rule. 

Tradeoff between early stan
dardization and experimenta
tion. 

How do agents' expectations 
affect the evolution of stan-

dards? 

Standardization process is 
exogenous. 

Incumbent's strategic choice 
between intra-technology and 
inter-technology competition 
involves multiple equilibria. 
Consumers' expectations de
termine evolution of standards. 

Parameters of the joint prob
ability distribution ("common 
knowledge") determine evolu
tion of standards. 



The Economics of Standardization: Basic Concepts 

This chapter gives a brief introduction to the economics of standardization, 
which we refer to in subsequent chapters. Section 2.1 deals with a taxonomy 
of standards. In Section 2.2, we will discuss the concepts of network effects 
and compatibility standards used in this thesis. 

2.1 Taxonomy of Standards 

Generally speaking, standardization includes doing certain key things in a 
uniform way.̂  Standardization may occur in a multitude of forms. For exam
ple, the term "standardization" can refer to labeling standards fixing a maxi
mum for the proportion of chicken allowable in a "beef frankfurter" or to the 
physical design of computer interfaces ensuring compatibility to printers. 

Following David (1987), who provides a useful taxonomy, we differentiate 
between technical standards and standards for human behavior. Whereas 
technical standards refer to features of an inanimate object {i.e. its material 
and design properties), the latter category applies to human behavior, proce
dures and performance. Obviously, technical standards are easier to specify in 
a quantitative manner than its behavioral counterparts. 

As Table 2.1 depicts, technical and behavioral standards may take three dif
ferent forms. For example, technical reference standards describe a reference 
point such as currencies, weights or measures of materials and products. Be
havioral reference standards are exemplified by precedents in law and ac
creditation of institutions. 

Technical standards for minimal admissible attributes define a cardinal 
minimum bound, as exemplified by safety levels or standards for product 

^ See Farrell and Saloner (1992), p. 9. 
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quality.^ The behavioral analogs of this category are, for instance, job qualifi

cations^, which define a minimal level of educational attainment (minimal 

scores in exams) or legal codes, which separate legal from illegal conduct.^ 

Table 2.1: Taxonomy of Standards, following David (1987) 

Standards for 
Reference 

Standards for Minimal 
Admissible Attributes 

Standards for Interface 
Compatibility 

Standards of 
Technical Design 

currencies, weights, 
measures of materials or 
products 

safety levels, 
product quality 

physical design of inter
faces 

Standards of 
Behavioral Performance 

precedents in law, 
accreditation of institu
tions 

legal codes, 
job qualifications 

language standards, 
standards of commercial 
conduct ("honesty") 

Technical compatibility standards ensure the interoperability of goods, which 

is of decisive importance in the case of network goods such as telephones, fax 

machines and computers. The behavioral counterparts of physical networks 

are "metaphorical networks" (Liebowitz and Margolis, 1994, p. 136), such as 

the network of English speakers, which allows for interrelationship among 

See Jones and Hudson (1996 and 1997) for an economic analysis of quality stan
dards. By reducing the variance of product quality, standardization reduces the 
costs of search in this approach. The pioneering paper to analyze problems of 
asymmetric information is Akerlof (1970). 
However, job qualifications could also refer to the category of compatibility stan
dards, as pointed out by Layes (1998). 
For a discussion of law as a standardizing system, see Adams (1996) and 
J0rgensen(1997). 



2.1 Taxonomy of Standards 11 

speakers without having physical connections.^^ Compatibility standards may 
also be beneficial without explicitly assuming network externalities. Matutes 
and Regibeau (1988) and Economides (1989) study in mix-and-match models 
the effects of compatibility when consumers can buy "hybrid systems", which 
are composed of vertically compatible components (such as tuner, CD player 
and loudspeakers) from different manufacturers. 

As David (1987) points out, it is difficult to categorize standards according 
to their ultimate economic effects because a given standard can perform dif
ferent economic functions. For instance, a telecommunication standard such as 
UMTS has a compatibility component which gives rise to network effects. 
Furthermore, technical specifications may result in a reduction of variety, 
thereby reducing transaction costs, Le. problems of information asymmetries 
between firms and consumers may be reduced. ̂ ^ 

Standards may arise in a number of ways. Market-mediated or de-facto 
standards are determined by market forces. De-facto standardization may 
occur in markets with sponsored or non-sponsored technologies. The class of 
sponsored technologies involves that each competing technology is held by a 
small number of firms. Then, firms may use instruments such as "penetration 
pricing" or "product pre-announcements" to establish their proprietary tech
nology as de-facto standard. Penetration pricing refers to the technique of 
offering low prices to early customers in order to build up an installed base 
and to influence the choices of later user. By means of product pre-
announcements, a network sponsor tries to retard the growth of its rivals' net
works. ̂ ^ 

The ideal type of non-sponsored technologies arises from the situation 
where rival technologies are each supplied by a large number of firms. If 
products are completely homogeneous with respect to each technology, firms 

See, for instance, Church and King (1993) who develop a model in which the bene
fit of language acquisition is increasing in the number of individuals who speak the 
language. This gives rise to network extemalities and, if language acquisition is 
costly, individuals may come to inefficient decisions. 
Farrell and Saloner (1986b) demonstrate that there is a tradeoff between standardi
zation and variety. If consumers have heterogeneous preferences with respect to the 
good specifications, standardization reduces the matching with preferences. 
For strategies and tactics in de-facto standardization, see Besen and Farrell (1994), 
Katz and Shapiro (1994) and Belleflamme (2002). 
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set uniform prices equal to the marginal costs of the corresponding technol
ogy, i.e. a single firm has no market power in this framework.̂ ^ 

As an alternative to the market mechanism, standards may be enforced by 
the government. These so-called de-jure standards can be classified into two 
ideal types, the bureaucracy and the committee solution. The first type refers 
to the situation where standards are formulated and enforced by governmental 
agencies. In the case of the committee solution, the involved parties negotiate 
over the standard and the negotiated standard is enforced by the government. 
These committees may consist of standardization bodies and of stakeholders 
such as single firms, consumer and industry organizations. Alternatively, 
committee standards may be based on voluntary cooperation, i.e. they are non-
enforced by the government. ̂ "̂  

After having presented different categories of standards, we are able to 
specify the standards, which we refer to in this thesis. In the first essay 
(Chapter 3), we examine reference standards which reduce variation in exami
nation requirements. These de-jure standards may be formulated and imposed 
by governmental agencies or by committees comprising stakeholders and 
representatives of accreditation bodies. The second essay (Chapter 4) deals 
with de-facto standardization and sponsored network technologies, i.e. each 
technology is held by a single firm and standards are determined by market 
forces. The third essay (Chapter 5) is based on the implicit assumption that 
technologies are non-sponsored. We will analyze the coordination problems of 
standardization {i.e. market vs. committee solution) from the perspective of 
consumers. 

See Thum (1995) for the distinction between sponsored and non-sponsored tech
nologies. 

"̂̂  Thum (1994) compares the welfare implications of the bureaucracy and the com
mittee solution. 



2.2 Compatibility Standards and the Concept of Network Effects 13 

2.2 Compatibility Standards and the Concept of Network 
Effects 

2.2.1 Direct Network Effects 

Classic examples of goods which give rise to direct network effects are com
munication goods such as telephones and fax-machines.̂ ^ Using such goods 
not only confers a benefit on the consumer himself but also on the other con
sumers using the same or compatible goods. Compatibility can also be a mat
ter of degree rather than being a matter of "all or nothing" (see, for instance, 
Blankart and Knieps, 1993). The larger the number of network participants, 
the larger the value to being part of this communication network. Typically, 
communication goods such as telephones have a stand-alone value equal to 
zero, i.e. in the absence of potential communication partners, these goods 
confer no benefit on a user.̂ ^ 

In the literature, direct network effects are formalized in different ways.̂ ^ 
The same is true for the network approaches we will present in this thesis. In 
the third essay (Chapter 5), users simply add a constant network value n to the 
stand-alone value of their technologies if they use identical technologies. 
However, in the second essay (Chapter 4), direct network effects rely on the 
expected number of compatible units to be sold. The model assumes rational 
consumers, i.e. in the fulfilled expectations equilibrium, actual sales must be 
equal to expected sales. Fig. 2.1 shows the construction of a fulfilled expecta
tions demand curve. The curves p(y,y^) depict consumers' willingness to 
pay for a varying quantity y, given the expected sales y^ .At y-y% ex
pectations are fulfilled and the point belongs to the fulfilled expectations de
mand p{y^ y) . Thus, p{y^ y) can be constructed by connecting all the points 
with identical expected and real sales. 

For an analysis of communication goods, see Blankart and Knieps (1994). 
For a classification of networks, see Economides (1996b). 
See the pioneering papers by Katz and Shapiro (1985) and by Farrell and Saloner 
(1986a, 1986b). For later works on direct network effects, see, for instance, de 
Palma and Leruth (1996), Economides (1996a), Chou and Shy (1996), and Jean-
neret and Verdier (1996). 
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demand with given expectations 

- demand with fulfilled expectations 

y = yi y = y2 

Fig. 2.1: Construction of a fulfilled expectations demand curve 

2.2.2 Indirect Network Effects 

Whereas direct network effects refer to the fit of functionally equivalent goods 
(horizontal compatibility), indirect network effects may occur in markets with 
systems. Systems consist of perfectly complementary products such as hard
ware and software. In the case of hardware-software systems, a hardware 
user's benefit rises with the number of complementary software products be
ing vertically compatible to the corresponding hardware. ̂ ^ For instance, the 
buyers of video cassette recorders (hardware) attach great importance to a 
manifold supply of movies and shows which are available on compatible 
video cassettes. ̂ ^ Consequently, extending the number of compatible software 
products can increase the attractiveness of a hardware-software system. 
Church and Gandal (1996) assume that a hardware supplier can directly in
crease the installed base of complementary software by vertical integration. 
Chou and Shy (1990) model an indirect mechanism of increasing the installed 
base of software. In their framework, a hardware user benefits from a large 

See Wiese (1997) for the distinction between horizontal and vertical compatibility. 
For empirical studies on indirect network effects, see, for instance, Saloner and 
Shepard (1995), Koski (1999), and Gandal, Kende and Rob (2000). 
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number of users buying compatible hardware, not because of a larger number 
of potential communication partners as in the case of communication goods, 
but due to the fact that additional hardware users make for a larger variety in 
the market for compatible software. Typically, the production of a particular 
software program is only possible if demand exceeds a threshold. If software 
markets are characterized by monopolistic competition and software firms 
face economies of scale, then the variety of software increases with the de
mand of compatible hardware.̂ ^ 

^̂  See, for instance, Chou and Shy (1990) and Church and Gandal (1992, 1993) for 
pioneering papers on indirect network effects. 



Standardization of Educational Signals 
and Job Matching 

The purpose of this chapter is to find economic reasons why examination re
quirements should be comparable among different universities. Starting from 
the basic signaling model, taken from Spence (1973), we will analyze the 
welfare implications of signaling. Whereas signaling is only a distributive 
device in the basic model, an extension of the model shows that signaling may 
increase total output by enabling a correct matching of employees to jobs. If 
examination requirements vary among universities, the job-matching effect 
deteriorates. This situation of incomplete information about the signal's qual
ity is formalized as a Bayesian Game. By standardizing the requirements, for 
example by means of central examinations, signaling recovers its job-
matching function. However, there is a tradeoff between the job-matching 
function and total signaling costs. 

3.1 Introduction 

Educational standards have been the subject of public and scientific interest, 
but the formal analysis of this problem lags behind. What are the economic 
reasons why examination requirements should be comparable among different 
universities? One possible explanation is due to the signaling theory, which 
considers education as a device to reveal the candidate's ability. 

The basic signaling model, which goes back to Spence (1973), relies on the 
21 

assumption that education does not enhance the graduates' productivity. 
Nevertheless, it enables them to signal their innate productivity to the employ
ers. The point of departure is an information asymmetry between employers 

See Spence (2002) for a retrospect on signaling models. 
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and job applicants. While the job applicants know their true productivity, the 
employers are not able to observe it directly. For productive students, signal
ing is a device to distinguish themselves from less productive job applicants in 
order to receive a higher wage. The crucial assumption in the signaling ap
proach is that mental and time costs of the signal acquisition are negatively 
correlated with the given productivity of the students. Thus, in a signaling-
separating equilibrium, only students with strong capabilities are able to ac
quire the signal. 

In an extension of this basic signaling model, we assume that the produc
tivity of a worker not only depends on the worker type but also on the type of 
employer. The analysis suggests that signaling may increase total output by 
enabling a correct matching of employees to jobs. There are already models 
dealing with the impact of educational signals on job matching. Belman and 
Heywood (1997) assume that the employees acquire imperfect educational 
signals. In the first period, employers cannot observe the true productivity of 
the workers. Because of the signal's imperfection, the matching process re
sults in non-optimal matches. In the second (and last) period, the workers' 
productivity is revealed and the mismatched workers are reassigned to appro
priate jobs. Hence, the average productivity of all workers improves from 
period one to period two. The main result is that the return to an educational 
signal declines over time. Like Belman and Heywood, we assume that the 
productivity of a worker in a particular job depends on the quality of the 
match between the requirements of the job and the innate ability of a worker. 
However, in contrast to their approach, we explicitly model the Spencian pro
cess of signal acquisition that depends on the relative costs and benefits of 
each worker type."̂ ^ It is shown that, given the self-selection conditions hold, a 
signaling-separating equilibrium {SSE) and a non-signaling-pooling equilib
rium (NSPE) may exist. If the more productive employee type faces relatively 
low signaling costs, the SSE is unique. For relatively high signaling costs, both 
the SSE and the NSPE occur, i.e. there are multiple equilibria.̂ ^ 

^̂  See Langenberg (2002) for a preliminary version of the job-matching model. 
^̂  See Holler, Layes and Winckler (1999) for a similar framework with high- and low-

quality workers who are organized in respective unions. The model investigates the 
effects of downward compatibility, i.e. high-quality workers are allowed to work on 
low-quality jobs which are otherwise reserved for low-quality workers. 
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The welfare implications of job matching are analyzed by means of a sim
ple additive welfare function. The model shows that signaling may increase 
welfare by enabling a correct matching of employees to jobs. But the SSE can 
be inefficient: From the welfare perspective, signaling is not desirable if sig
naling costs outweigh positive job-matching effects. However, the more pro
ductive employees also internalize the welfare-neutral distributive effect of 
signaling. For them, signaling is a device to claim a higher share of the total 
output because they avoid subsidizing the less productive type. 

Moreover, the model deals with the problem of signal imperfection. 
Whereas Belman and Heywood merely assume that the signal is imperfect, we 
consider a range of different examination requirements. This situation of in
complete information about the signal's quality is formalized as a Bayesian 
Game and the equilibria and welfare implications are analyzed numerically. 
The signaling function of education is less effective if universities have differ
ent examination requirements. By standardizing the requirements, for example 
by means of central examinations, signaling can recover its filtering function. 
However, there is a tradeoff between the job-matching function and total sig
naling costs.̂ "̂  

The structure of this chapter is as follows. In Section 3.2, a modified ver
sion of the basic signaling model is presented. Section 3.3 deals with the job-
matching effect of educational signals. In Section 3.4, we consider a contin
uum of examination requirements in order to study the effects of incomplete 
information. Equilibria and welfare implications are analyzed numerically. In 
Section 3.5, we derive equilibria in mixed strategies for the case of perfect 
educational signals. This analysis is based upon the framework of Section 3.4. 
Concluding remarks follow in Section 3.6. 

3,2 The Basic Signaling Model 

Assume that there are two different worker types: Let b denote the productiv
ity of type B, which is assumed to be higher than a, the productivity of type A. 
Thus, the productivity advantage of type B over type A is given by 
A = b-a>0, Let q denote the proportion of type A workers. Whereas each 

For a standardization model based on the human-capital theory, see Costrell (1994) 
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worker knows his own type, the employers cannot directly observe the true 
productivity of a worker. But the employers are able to measure the total out
put, ex post. It follows from profit maximization that the employers pay a 
wage according to the expected productivity of an employee, i.e. they form 
expectations about the type of each worker. 

Each employee is able to invest in higher education in order to signal his 
given productivity. The crucial assumption is that type B incurs lower costs of 
signal acquisition than the less productive type A, Let the signaling cost of 
type A be equal to C^ = y, whereas type B bears a cost of C^ =piy with 
0 < |Li< 1. Here, 3; denotes the level of examination requirements. 

A signaling-separating equilibrium (SSE), given by >** > 0, has the fol
lowing characteristics: If a worker has acquired the signal, his employer ex
pects him to be of type B (with a probability of one) and pays him a wage 
equal to b. Employees without signal are considered to be less productive and 
get a wage equal to a. In equilibrium, employers' expectations must be ful
filled, i.e. there must exist a level of requirements j ; * that induces all type B 
employees to decide voluntarily in favor of signaling, whereas all type A em
ployees voluntarily choose the non-signaling strategy. This problem can be 
formalized by the following self-selection conditions: 

(3.1) 

(3.2) 

a>b-y'^, 

b-iiy'^>a. 

Both inequations can 

A < >̂ * < A / |ii. 

be combined to 

(3.3) 

In order to examine for which parameters the SSE is unique, assume that 
3; * is marginally higher than the minimum value A. Suppose that all em
ployees decide against signaling. If no employee acquires the signal, the em
ployers are unable to distinguish both worker types. Then, the employers pay a 
uniform wage which is equal to the average productivity of all employees. In 
this case, type B "subsidizes" type ^: 

w=qa + (l-q)b = b-Aq. (3.4) 

The more type B employees decide against signaling, the higher is the non-
signaling payoff. Thus, (3.4) shows the maximal non-signaling payoff because 
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no type B employee chooses signaling. If only one type B employee decided 
against signaling, the non-signaling payoff would equal a, 

The non-signaling-pooling payoff, given in (3.4), must be compared with 
the payoff in the signaling-separating case. The SSE is unique if the following 
condition holds: 

6- |LiA>6-Ag, (3.5) 

^ q>\i. 

A single type B employee would always choose the signaling strategy even 
if all remaining type B employees decided against signaling because the sig
naling payoff A-jiA exceeds the non-signaling payoff h-tS.q. Since the 
same is true for all type B members, the NSPE is not feasible in this situation. 

If |a > ^ , multiple equilibria occur. Suppose that all type B members decide 
against signaling. In this case, a single type B employee has no incentive to 
deviate from the non-signaling strategy because the non-signaling payoff 
h-lS.q exceeds the signaling payoff 6 - | L I A , i.e, the ]<!SPE exists. Never
theless, the SSE is feasible as well: Assume that all type B employees decide 
in favor of signaling. A single type B employee has no incentive to deviate 
from the signaling strategy because the signaling payoff Z>-|LIA is higher 
than the non-signaling payoff, which is equal to a in this situation. Note that 
the SSE can be interpreted as a coordination failure in the case of multiple 
equilibria because the NSPE would make each type B employee better off. 

After having discussed the equilibria, we can show that signaling has nega
tive welfare implications. In contrast to the human-capital approach, education 
has no impact on total output. From the viewpoint of society, signaling is 
nothing but a waste of resources. However, for the members of type B^ sig
naling is a device to get a higher share of total output. In the non-signaling-
pooling case, employers cannot distinguish both worker types, i.e. they pay a 
uniform wage equal to the average productivity of all employees. By investing 
in education, type B avoids "subsidizing" the less productive type A, Condi
tion (3.3) also demonstrates that there are many signaling equilibria through
out the interval A < j ; * < A / |LI .̂ ^ 

^̂  Note that the previous discussion of "uniqueness" refers to the case where the level 
of requirements is fixed. 
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The SSE is depicted in Fig. 3.1. The wage schedule is a bold line and jumps 
from a to b at y* . The minimum level of requirements, which might induce 
the SSE, corresponds to y^^n-^^ The maximum level is given by 
>̂max = A/|a. The closer the education level y* is to 7^^= A, the lower is 
the welfare loss. 

Fig. 3.1: Wage schedule and SSE 

3.3 The Job-Matching Effect of Educational Signals 

The productivity of an employee tends to be low if he works in an inadequate 
environment. Signaling may help to allocate heterogeneous individuals to their 
most productive use, i.e. it enables a correct matching of individuals to jobs. 
The job-matching effect and its welfare implications are formalized in this 
section. 
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3.3.1 Model Structure 

Suppose that there are not only two different worker types, there are also two 
types of firms. The first one (FA) employs the workers in simple and routine 
jobs, and the productivity of both worker types only corresponds to a. But the 
second firm type (FB) offers more demanding jobs. Assume that employee 
type B can exploit its higher potential there and reaches its maximum produc
tivity of b, whereas type A only realizes a again.̂ ^ Hence, the productivity not 
only depends on the worker type but also on the type of employer. Again, it is 
assumed that the employer cannot directly observe the productivity of a single 
worker. 

Suppose that FB can only hire a share 0< p<l of all job applicants. This 
upper bound for qualified jobs is of decisive importance for the job-matching 
effect. If no upper bound existed, Le. p-l, FB could hire all job applicants 
and the same results as in the basic model would occur. However, in the NSPE 
with /? < 1, all employees apply for a job in FB because the expected payoff 
in FB exceeds the one in FA, Note that all type A employees attempt to "free-
ride" on type B's higher productivity in FB. Thus, the productive type B is 
partially driven out by type A. However, the signal enables the employers to 
distinguish the worker types, le. it prevents a misallocation of individuals to 
jobs. 

For simplicity, assume that the proportion of qualified jobs is not less than 
the share of type B members, i.e, p>\-q An the SSE, all type B members 
are identified as being productive and are hired by FB. Recall that the type A 
members are assumed to have the same productivity equal to a in both firm 
types. In the SSE, they are identified as being less productive so that they are 
indifferent between FA and FB. 

3.3.2 Equilibrium Analysis 

The self-selection condition (3.3) is still valid. In order to examine for which 
parameters the SSE is unique, assume that the level of requirements is margin
ally higher than the minimum value y* = A. If all employees decide against 

^̂  Altematively, we could assume that type ̂ 's productivity is lower in FB than in FA. 
Given this assumption, the welfare-increasing effect of signaling would be even 
stronger. However, the computation of equilibria would be more complicated. 
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signaling, the probability that a job applicant is hired by FB is equal to p. The 
expected non-signaling payoff for an employee is given by: 

{\-p)a + p[qa + (\-q)b\, (3.6) 

The expected productivity in FB (and thus the uniform wage) corresponds to 
the expression in the square brackets. In order to derive conditions for a 
unique SSE, the payoff in (3.6) must be compared with type ^ 's payoff in the 
SSE\ 

Z>-|LiA >a-pa-\-pqa + pb-pqb, (3.7) 

=> A - ^ A >/?A-/7^A, 

=> l - ; 7 ( l - 9 ) - | L i > 0 . 

A single type B employee would always deviate from the non-signaling 
strategy, even if all remaining type B workers chose non-signaling. Since the 
same is true for all type B members, there is no NSPE in this situation. 

In the case of 1 - /? (1 - 9) - ju, < 0 , multiple equilibria occur. If all type B 
members select the non-signaling strategy, a single type B employee has no 
incentive to deviate because the non-signaling payoff 
(}-p)a-\-p\qa-\-(\-q)b\ exceeds the signaling payoff, which is equal to 
Z> - |Li A. Hence, the NSPE exists. However, if all type B employees decide in 
favor of signaling, a single type B employee has no incentive to deviate from 
the signaling strategy because the signaling payoff b-\x/S. is higher than the 
non-signaling payoff, which is then equal to a. Since the same is true for all 
type B employees, the SSE exists as well. The SSE can be interpreted as a 
coordination failure in this case because type B employees are better off in the 
NSPEF 

In the case of NSPE, a single worker benefits from a rising p because the 
probability increases to get a job in FB. The same is true for decreasing values 
of q because there are less type A employees to subsidize in FB. Surprisingly, 
type ^'s productivity advantage A has no impact on type ^'s decision be
tween signaling and non-signaling, as shown in (3.7). 

^̂  In Section 3.5, we will derive the "threshold proportion" of signaling type B em
ployees that makes an individual type B employee indifferent between signaling (S) 
and non-signaling (NS). 
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3.3.3 Welfare Implications 

In order to analyze the welfare implications of job matching, we consider an 
additive welfare function. For simplicity, suppose that the labor market size is 
normalized to one. Moreover, let the requirements be on its minimum level, 
le. j ; * = A so that type A is prevented from signaling. 

W,s,=qa + (y-q){b-^i^). (3.8) 

In the SSE, both types are allocated to their most productive use because all 
type B employees are hired by FB, 

In the NSPE, all workers apply for a job in FB so that type B is partially 
driven out by type A. Then, welfare equals the expected productivity of all 
employees: 

KsPE -(i-p)a + p[qa + (\-q)b]. (3.9) 

Signaling is welfare-enhancing if 

WssE>W,sPE, (3.10) 

=> qa-\-b-ixA-qb + q\xA >a-pa-\-pqa-\-pb-pqb, 

^ il-q)A-(\-q)liA>(l-q)pA, 

=> l-p-\i>0, 

Note that the job-matching effect of signaling is the stronger, the lower type 
B's relative signaling cost |LI and the lower the proportion of qualified jobs p 
are. In the case of p = l, which corresponds to the basic model, the SSE is 
always welfare inferior to the NSPE, Signaling is nothing but a waste of re
sources because a misallocation of labor is impossible. However, with dimin
ishing p, the probability of a misallocation increases, i.e. the job-matching 
function of signaling becomes more important. Condition (3.10) also clarifies 
that the parameters A and q do not affect the welfare comparison between the 
SSE and thQ NSPE, 

Fig. 3.2 depicts the job-matching function of signaling for the numerical 
example /? = 0.5, ^ = 0.8, |LI = 0.5 a = 1 and fe = 2 . In the SSE, all type B 
workers are hired by FB where they can reach their maximum productivity 
ofb. 
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l-p^ = 0,5 b = 2 

a = l 

F A 
I 

F B 

Fig. 3.2: The SSE 

a = \ ̂ ^^^^ costs of mismatch 

typeB 
type A 

l-jf7 = 0.5 b = 2 

redistribution 
w = 1.2 

type A 

0.5 

FA FB 

typeB 

Fig. 3.3: The NSPE 

Using the same numerical example, Fig. 3.3 illustrates the NSPE. It is 

shown that half of the type B employees are driven out by type^. The hatched 

area in Fig. 3.3 stands for the expected loss that would be caused by mismatch. 

It can be prevented by signaling. In the borderline case 1 - / ? = |LI = 0 . 5 , this 

welfare loss is equal to the signaling costs represented by the spotted area. The 

arrow within FB indicates the income that is redistributed within FB: Since all 

employees within FB get uniform wages of w = 1.2, type B "subsidizes" type 

A, 

In Fig. 3.4, it is assumed that 7* is always on its minimum level ( 7* = A ) 

and that q = 0.5 holds. The spotted area represents the region of the unique 

SSE that is welfare inferior. This inefficiency can be traced back to the fact 

that the type B employees also internalize the welfare neutral distributive ef

fect of signaling. For them, signaling is a device to avoid subsidizing type A. 

But from the welfare perspective, signaling is not desirable in this area be-
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cause signaling costs exceed the positive job-matching effect. This ineffi
ciency area is given by 

2|Ll-l<l-/?<|Ll. (3.11) 

To the right of this area, there are multiple equilibria, i.e. both the SSE and the 
NSPE are feasible, and the SSE can be interpreted as a coordination failure 
because the NSPE would make each type B (and type A) employee better off. 

\-p 

0 0.5 

Fig. 3.4: Equilibria and welfare areas 

1 1̂  

3.3.4 Job Matching with a Small Number of Employees 

Assume that the employers are able to measure the total ex-post output but 
that they are unable to observe the contribution of a single employee. If there 
are only few employees, each has a significant impact on total output. This 
impact may be an alternative way to "signal" the own type. 

Suppose that there are only two type A and two type B employees. Let the 
level of requirements be marginally higher than 3;* = A so that both type A 
employees are prevented from signaling. Moreover, assume that there are only 
two jobs in FB, i.e. p = l/2. Matrix 3.1 depicts the payoffs for both type B 
employees. They can choose between the strategies "signaling" (S) and "non-
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signaling" (NS). The employers are assumed to pay a wage equal to the ex
pected productivity of the employee. 

The payoffs for the strategy combinations (NS, S) and (5, NS) are computed 
as follows: The signaling type B employee can be identified as being produc
tive and thus obtains a wage equal to b. The probability that the non-signaling 
type B employee is hired by FB is 1/3. In this case, the total output of FB 
equals 2b and even though the employee has chosen NS, he receives a wage of 
b because the employer identifies him as type B, But with probability 2/3 he is 
merely hired by FA, where he gets a wage of a. Hence, the expected payoff for 
the non-signaling type B employee is equal to l/3b + 2/3a. 

Matrix 3.1: Payoffs of the two type B employees 

s, 

MS, 

s, 

{b-}xA; ^-|j,A) 

{l/3b + 2/3a; b-^A) 

NS, 

{b-nA\l/3b + 2/3a) 

{l/3b + 2/3a; l/3b + 2/3a) 

In the case of (NS, NS), all job applicants attempt to get a job in FB. The 
expected payoff for a type B employee corresponds to 

l/2[l/3b + 2/3(a + b)/2]+l/2a = \/3b + 2/3a, 

With probability 1/2 the employee is hired by FB. There is a chance of 1/3 that 
he meets the other type B employee in FB and gets a wage equal to b. How
ever, his probability is 2/3 to become the colleague of a type A employee. In 
this case, he would only get (a + b)l2. In the worst case, the employee is 
hired by FA, where his wage will be a. The probability of this event is 1/2. 

The game has the following Nash-equilibria: For |LI > 2/3 , (NS, NS)* is a 
unique equilibrium. If |LI< 2 / 3 , (5,5)* is a unique equilibrium. 

Unlike the model with a larger number of employees, (NS, NS) can be a 
unique equilibrium. Given the assumption of a large number of employees, it 
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is never beneficial for a single type B employee to choose TVS' if the remaining 
type B members choose S because the expected productivity of a non-
signaling employee equals a in this situation. However, if we assume a small 
number of employees, each employee has a significant impact on the non-
signaling payoff. For example, if both type B employees meet in FB, they get 
b even if they have chosen NS before. Thus, the type B employees are able to 
"signal" their higher productivity in FB by their impact on total output. With 
increasing signaling costs \i, this alternative way of "signaling" becomes 
more attractive. 

In the SSE, both type B employees are hired by FB, whereas the two type A 
employees only get a job in FA. Welfare corresponds to 

In the NSPE, welfare just corresponds to the expected total output 

^M/>£=l/6'2Z? + 2/3(a + fe) + l /6-2a + 2 a = 3a + i . 

With probability 1/6 both type B employees meet in FB, where they have a 
total output of 2b, The probability equals 2/3 that a type B employee meets a 
type A employee in FB, In this case, the total output of FB corresponds to 
a + b. With probability 1/6 both type A employees are hired by FB, where 
they have a total output of 2a. The two employees in FA produce 2a altogether 
irrespective of their type. Signaling is welfare-increasing if the following con
dition holds: 

WsSE>W^SPE =>lLl<l/2. 

Fig. 3.5 depicts the equilibrium and welfare areas for this example. The 
spotted area represents the parameter combinations for a unique signaling 
equilibrium that is welfare inferior. From the theoretical welfare perspective, 
signaling is not desirable in this area because the costs of signaling exceed the 
welfare-enhancing job-matching effect. 
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Fig. 3.5: Equilibrium and welfare areas 

1 * ^ 

3.4 Standardization of Examination Requirements 

If examination requirements vary among universities, it might be beneficial 
for a type A employee who faces low requirements to acquire the educational 
signal, i.e. the diploma. On the other hand, a type B employee who is con
fronted with relatively high requirements could be willing to leave the univer
sity without graduating. Thus, there would not exist a "pure" SSE any longer 
and the job-matching effect of signaling would deteriorate. By standardizing 
the requirements, for instance by means of central examinations or accredita
tion, signaling could recover its filtering fiinction. 

3.4.1 Model Structure 

Suppose that for both worker types, the requirements y are uniformly distrib
uted in the interval [m-d^m + d], where m stands for the mean value and d 
denotes the deviation with 0<d <m. For J = 0, there is frill standardization 
of requirements because the educational signal can only be acquired with a 
single level of y = m. Then, the signal is perfect and the employers identify 
signaling employees as type B, But with increasing d, the signal's quality is 
reduced. 

The model has two stages. Suppose that in the first stage, all employees 
take up their studies. This decision is based upon expected values. Note that in 
the first stage, employees of the same type are homogeneous. In the second 
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stage, each employee finds out his actual level y.. Requirements y are mod
eled as a kind of experience good, i.e. after a certain time, requirements can be 
assessed by the students. Interpreting the allocation of >' as a random selection, 
other possible determinants of the allocation are ruled out. For example, stu
dents may have different private information about requirements and/or a 
different degree of mobility. Moreover, students who face relatively high lev
els of requirements could switch to another university. 

An employee who faces relatively low requirements decides in favor of 
signaling at costs y^ or [ly., respectively. If the requirements are relatively 
high, employee / leaves the university at costs y. < y. without graduating, i.e. 
without signal. For simplicity, suppose that the costs for non-graduating are 
equal to zero, i.e. y. =y = 0. A share of type A employees could be able to 
acquire the signal, whereas a proportion of type B might leave university 
without graduating because of high signaling costs. It is assumed that the em
ployers are not able to distinguish different levels of requirements. Thus, uni
versities do not build up reputation. However, the distribution of >̂  is assumed 
to be common knowledge so that everybody can derive the probability that a 
signaling employee belongs to type B or type A, respectively. Let the employ
ers pay a wage that corresponds to the employee's expected productivity. 

3.4.2 Bayesian Equilibria 

Fig. 3.6 depicts the four possible subsets of a Bayesian equilibrium. For in
stance, the subset BnS represents the type B employees who acquire the 
signal. The equilibrium proportion of signaling type B employees to all type B 
employees corresponds to P(S\B) *. Analogously, the subset AnS stands 
for the signaling type A employees, and P(S\A) * denotes the equilibrium 
proportion of signaling type A employees to all type A employees. 

It is straightforward to derive the equilibrium proportion of signaling em
ployees to all employees: 

P(S)* = P(A nS)* +P{B nS)* = q PiS\A) * +(1 - q) P(S\B) *. (3.12) 
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Fig. 3.6: Subsets of a Bayesian equilibrium 

Assume that the total number of employees is equal to the total number of 
jobs. To keep things simple, suppose again that the labor market size is nor
malized to one. 

Applying the Bayesian rule yields A,* = P{B\S) * as the equilibrium prob
ability that a signaling employee belongs to type B. 

P(BnS)* _(\-q)P(S\B)* 
X* = P(B\S)* = 

P{AnS)*-^P(BnS)* PiS)' 
(3.13) 

Note that A. * can be interpreted as a measure of the signal's quality because 
in the case of full standardization ( J = 0), A. * is equal to one. 

The subsets AnNS and BnNS denote the non-signaling type A and 
type B employees. The equilibrium probability that an employee without sig
nal belongs to type B, i.e. V|/* = P{B\NS) *, is given by: 

PjBnNS)* Jl-q)(l-PiS\Br) 
1 

\\f* = P{B\NSy 
P{A n NS) * +P{B n NS) * p(sy 

(3.14) 

In the following, let us distinguish two cases. In the first one, the proportion 
of jobs in FB, p, exceeds the equilibrium proportion of signaling employees 
^(5*)*. Consequently, FB hires all signaling employees and allocates the 
remaining places to non-signaling employees. In the second case, there are 
more signaling employees than jobs in FB. 
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Case 1 ( P(S)* < p): Player / of type A chooses S if 

>.*fe + (l-A.*)a-7^, >^"^^'^^*(v^*^) + ( l -y*)a)+ ^~^ a. (3.15) 
'̂' 1-P(5)*^ ^ 1-P(5)* 

The left-hand side represents the employee's signaling payoff. The signaling 
employee obtains a wage equal to his expected productivity A. * Z> + (1 - A,*) a . 
The right-hand side of (3.15) denotes the expected non-signaling payoff. All 
non-signaling employees apply for a job in FB, because in this firm type, they 
get a wage equal to their expected productivity V|/ * A + (1 - v|/*)a, which ex
ceeds the uniform wage a, paid by FA. With probability 
{p - P(S) *)/(l - P(S) *), a non-signaling employee is hired by FB, With the 
inverse probability (l - p)/(l - P(S) *), the employee is hired by FA. 

Solving (3.15) for y^ yields: 

j ; /=^*^^"-^^ '^+A(;i*-i t /*) . (3.16) 

The type A employee who is located at y^ * is indifferent between S and NS. 
For yAj < yA*^^ tyP^ ^ employee chooses S. But in the case of y^. > y^"^, 
it is not beneficial for a type A member to acquire the signal. 

For type B, the indifference level of requirements is computed analogously: 

yB*-yA*/^- (3-17) 

,.„...A... 
1 
1 

m-d 

y 

• — > 

* 

.̂. 
^ 1 

1 
m 

NS :̂  
^ 

1 1 
m-\-

yA, 

Fig. 3.7: Proportion of signaling type A employees to all type A workers 

Fig. 3.7 depicts the equilibrium proportion of signaling type A employees to 
all type A employees. If the indifference level y^ * is lower than the mini
mum value of requirements, m-d, no type A employee will acquire the sig
nal. However, all type A employees choose signaling if y^ * exceeds the 
maximum level of requirements m + d .If the indifference level is within the 
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interval of possible requirements, as shown in Fig. 3.7, the distance between 
the indifference value and the minimum level, m-d, has to be divided by the 
length of the whole interval, which equals 2 d . 

The equilibrium proportion of signaling type A employees to all type A em
ployees corresponds to: 

p{s\Ay = 

0, 
y^ * -m + d 

2d ' 

1, 

if 

if 

if 

y^* <m-d 

m-d<y^*<m + d 

m + d < y^* 

(3.18) 

Analogously, the equilibrium proportion of signaling type B employees to 
all type B members is given by: 

P(S\B)* = 

0, if y^*/\i<m-d 

y^* /[i-m + d 
2d 

1, 

, if m-d<y^*/ii<m-\-d' 

if m-\-d <y^* /\i 

(3.19) 

Proportions (3.18) and (3.19) describe the equilibrium outcome. In Section 
3.4.4, we will compute these values for a numerical example. 

Case 2{p< P(S) *): Here, the proportion of signaling employees exceeds the 
proportion of jobs in FB. Even if an employee acquires the signal, he may not 
get a job in FB. An employee of type A chooses S if 

-E—{x*b + il-X*)a)+^^^^*~Pa-y,, >a. (3.20) 

The left-hand side stands for the expected signaling-payoff. With probability 
p/P(S)* the employee gets a job in FB. The fraction {P(S)*-p)/PiS)* 
denotes the probability to be hired by FA. Solving condition (3.20) for j / ^ ^ 
yields type^'s indifference value of requirements: 

k*pA 
y / = -

P(S)* 

The indifference level for type B is given by 

(3.21) 
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ys*=yA*i\^=^^^,- (3-22) 

Conditions (3.12), (3.13), (3.18), and (3.19) are valid for case 2 as well. 

3,4.3 Welfare Implications of Standardization 

In order to analyze the welfare implications of standardization, we distinguish 
again the two cases. Welfare is derived by means of an additive welfare func
tion, which sums up the expected total output and total signaling costs. 

Case 1 ( P{SY < p): The expected total output X * is given by 

X*-P(^)*[>.*Z? + ( l - ^* )a ] 

+ {p- P(S) *)[v|/ *b + (l-\\J*)a]+(l-p)a, 

All signaling employees are hired by FB. The remaining places in FB are allo
cated to non-signaling employees. 

Parameter C^ * stands for type ̂ ' s total costs of signaling. 

fO, if y^*<m-d 

\qP(S\A)* yA*-^^-d ^ if m-d<y^*<m + d^ (3.24) 

\qm, if m + d<y^* 

If y^ * is within the interval of possible requirements, m-d<y'^<m + d, 
the proportion of signaling type A employees is equal to 
P(A r\S) = q P(S\A) *. For computation of C^ *, this proportion must be 
multiplied with the average level of requirements for signaling type A employ
ees, which is equal to ( j * + w - (i) / 2 . If j ^ ^ * exceeds the maximum level of 
requirements, m + d, all type A employees acquire the signal and total sig
naling costs correspond to qm. 

The expected signaling costs for type B are computed analogously: 

[O, if y^ */\i<m-d 

( l -^ )P(^ l^)*^^"*^^"^ '^" '^ , if m-d<y,*/[i<m + d^ (3.25) 

{l-q)\im, if m-\-d<y^ */\i 
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Then, welfare is given by: 

^ * = X * - C ^ * - C ^ * . (3.26) 

Case 2(p< P(S) *): In this case, the expected total output corresponds to 

X* = p[l*b + (l-X'')a]+(l-p)a. (3.27) 

All jobs in FB are allocated to signaling employees. Their expected produc
tivity is given by A.*Z> + (l-A.*)a. Conditions (3.24), (3.25), and (3.26) are 
still valid. 

3.4.4 Numerical Example 

The equilibrium probabilities of the above model can only be derived numeri
cally. Suppose that q = p = 0.5 , m = l, |ii = 0.6, b = 2, and a = l are 
given. 

P{S\B)* 

Fig. 3.8: Bayesian equilibrium depending on the deviation of requirements 

Fig. 3.8 depicts the equilibrium values of P(5'|^)*, P(S\B)*, X*, and 
P{S) * depending on the degree of deviation. The equilibrium values are 
computed numerically for <i= {0, 0.1, 0.2, 0.3, 0.4, 0.5, 0.6, 0.7, 0.8, 0.9, 1}. 
The approximated solutions for case 1 and case 2 are listed in appendix A 1. 
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As shown in Fig. 3.8, case 1 holds for 0.5<d<l and case 2 for 
0< t/ < 0.5 . Whereas y^ * always remains within the interval of possible 
requirements, m-d<y/^<m + d, type 5's indifference value, 
>̂ 5* = j ^ */|Li, exceeds maximum requirements for d < 0.299603 . Conse
quently, for low deviations, all type B employees acquire the signal, i.e. 
P(5'|5)* = l . It is interesting to note that P{S\Ay and P{Sy have local 
maxima for relatively low values of d, whereas P{S\B) * and X * never in
crease with d. The uniqueness of the Bayesian equilibrium can be traced back 
to the fact that condition (3.7) holds in this numerical example, i.e. in the case 
of full standardization, the SSE is unique. 

yg*>m + d 

.3 0.4 0.5 0.6 0.7 0.8 0.9 

Fig. 3.9: Welfare implications of standardization 

Fig. 3.9 depicts X*, C*, and ^ * depending on the degree of deviation 
d. The approximated solutions are listed in appendix A 1. If J increases, the 
expected total output X * declines due to the deterioration of job matching. 
The impact on total signaling costs is ambiguous: For low deviations, 
0<d < 0.299603 , total signaling costs increase in d, but for levels of devia
tions within interval 0.299603 < J < 1, they decrease. Hence, there is a trade
off between X * and C* in this case. The welfare function is w-shaped, i.e. 
the case of full standardization (d = 0 ) has to be compared with the case of 
full deviation (d = 1 ). In our example, full standardization is welfare superior 
to full deviation, i.e. W(d = 0)* = 1.2>W(d = 1)* = 1.191718. The interme
diary cases 0 < J < 1 turn out to be welfare inferior. 
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For given values o f a = l, 6 = 2 , m = l, and q = p = 0.5 , full standardi
zation is equivalent to full deviation for |LI = 0.611883. If |LI exceeds this 
threshold value, total signaling costs outweigh the positive job-matching ef
fect. Then, society is better off with full deviation. 

3.5 Equilibrium in Mixed Strategies for the Case of 
Perfect Signals 

In Section 3.3, we have shown that multiple equilibria exist if d = 0. Then, 
the decision of a single type B employee depends on the strategy selected by 
the other type B members. If all type B employees choose NS, it is not benefi
cial for a single type B employee to deviate. But if the type B employees 
unanimously decide in favor oiS, the best response for a single type B mem
ber is S as well. Suppose there is a proportion of type 5, 0 < P{S\B) < 1, se
lecting strategy 5. What would be the best response for a single type B em
ployee? Which proportion P{S\B)'^ would make a single type B member 
indifferent between the strategies S and NS? In order to answer these ques
tions, we will hark back to the approach from Section 3.4. 

Let the requirements be on its minimum level 7* = A so that no type A em
ployee chooses 5, i.e. P{S\A) = Q, Note that case 1 applies due to 
p>\-q> P(S) = (1 - q)P(S\B). Making use of the right-hand side of (3.15) 
yields the non-signaling payoff for a single type B employee: 

EU^s =^~^^^\^fb + il-\\f)aU ^'^ a. (3.28) 

Making use of (3.12) and (3.14) and substituting P{S\A) = 0 yields: 

EU,, = b + , ^'-P^^^ ^ - ^ ^ - ^ ^ ^ > ^ . (3.29) 
[\-il-q)P(S\B)f l-(\-q)PiS\B) 

Fig. 3.10 shows that the expected payoff for the non-signaling strategy de
creases in P(S\B), For P(S\B) = 0, EU^^ corresponds to 
(\-p)a + p\qa + (}-q)b\. In the case of P{S\B) = 1, the non-signaling 
employee obtains (2. EUj^^ intersects b-\x^ in ^(,^15)* = 0.5375. If a share 
of type B workers less than P{S\B) * chooses S so that NS is the best response 
for a single type B employee, the game converges to the equilibrium in which 
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everyone chooses NS, For more than P(S\B) * percent playing S, the best 
response for a single type B employee is S so that the game converges to the 
SSE, 

Payoff of type B employee 

ftl ^-^ _____ 
^ - ^ 2 

|o.8 

1 0.4 
NSPE 

< < < <— < 1 

P(S\B)* 

1 > > 

SSE 

-̂  

ft-(i, 

£C^5 

s s 
^ ^ 

0 0.2 0.4 0.6 0.8 ; p(s\B) 

Fig. 3.10: Equilibrium in mixed strategies for parameters q = p = 0.5 , Z? = 2 , 
a = l, jij =0.75, n̂  =0.9. 

An equilibrium in mixed strategies implies that all type B employees ran
domize with P{S\B) * between strategies S and NS. Since the expected pro
portion of signaling type B employees is then equal to P(S\B)*, the single 
type B member is indifferent between S and NS. 

If signaling costs decrease to \x^, the signaling-payoff function shifts up. In 
Fig. 3.10, both strategies have the same (expected) payoffs at P(S\B)'^ = 0. 
Thus, in the case of 0 < P(S\B) < 1, a single type B employee always chooses 
signaling. Note that iij defines the borderline case \-p(l-q)-[i^ =0. It 
follows from (3.7) that the SSE is unique for |Li<|Lii, i.e. an equilibrium in 
mixed strategies is not feasible any longer. 

3.6 Conclusions 

The job-matching approach has shown that signaling may increase total output 
by allocating heterogeneous employees to the adequate firm type. Hence, we 
have derived the result that education can be welfare-enhancing without as-
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suming that education raises the students' human capital. If the separation 
between the signaling and human capital theory is removed^ ,̂ private and 
social benefits of education increase even more. 

The job-matching approach has demonstrated that private incentives for 
signaling are too strong. This inefficiency may occur because the type B em
ployees also internalize the welfare-neutral distributive effect of signaling. For 
them, signaling is a device to get a higher share of the total output because 
they avoid subsidizing the less productive type. The equilibrium analysis has 
shown that, given the self-selection conditions hold, the SSE is unique for 
relatively low signaling costs. If signaling costs are relatively high, multiple 
equilibria exist, i.e. the SSE, the NSPE, and an equilibrium in mixed strategies 
are feasible. Since the NSPE would make all type B employees better off in 
this situation, the SSE can be interpreted as a coordination failure. For a small 
number of employees (two type A and two type B employees) a unique NSPE 
does exist because the single type B employee can "signal" his higher produc
tivity by means of his influence on total output. 

In the second part of this chapter, we have introduced incomplete informa
tion about the signal's quality. We have made the assumption that a continuum 
of examination requirements exists. Standardization implies that the range of 
requirements is reduced, for instance by means of central examinations or 
accreditation. As shown in the numerical analysis, a unique Bayesian equilib
rium exists for different levels of deviations d. The welfare analysis has re
vealed that standardization of the requirements increases the expected total 
output by improving the job-matching function of signaling. However, stan
dardized requirements may also increase expected total signaling costs. Wel
fare effects of standardization are ambiguous: For low signaling costs, full 
standardization is desirable. If the signaling costs are relatively high, society is 
better of with a full range of requirements, i.e. with maximal deviation. 

^̂  See, for example, Riley (1976) who combines the signaling approach with the hu
man capital theory. The human capital approach goes back to Becker (1964). 



Inter-Technology versus Intra-Technology 
Competition in Network Markets 

This chapter analyzes the competition between two firms when their incom
patible technologies exhibit network effects in that high expected sales in
crease the willingness to pay for the corresponding good. An incumbent firm 
faces the strategic choice of whether to share its superior technology (via free 
licensing) with a follower or to keep its technology for itself The first option 
of sponsoring intra-technology competition increases the incumbent firm's 
network and thus consumers' willingness to pay. On the other hand, the latter 
option involves inter-technology competition. Depending on the relative cost 
advantage of the incumbent firm, the entry of the rival technology may be 
blockaded, both technologies can coexist in an incompatible duopoly, or the 
incumbent firm may deter the entry of its rival. The model investigates the 
incumbent firm's choice of whether to sponsor intra-technology competition 
or to insist on inter-technology competition.̂ ^ 

4.1 Introduction 

A fundamental question of strategy for a firm facing horizontal competition in 
a network market is whether to share its technology with other firms and to 
compete within a joint network or to keep its technology for itself ̂ ^ With just 
two firms, this strategic choice involves three combinations of strategies (Be-
sen and Farrell, 1994). In the first, both firms prefer inter-technology compe-

^̂  This chapter builds upon Langenberg (2005). 
Alternatively, firms could ensure (at least partial) compatibility by using converters. 
In this case, they might adopt different technologies without losing the network ad
vantage of a joint technology. For this altemative, see Farrell and Saloner (1992). 
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tition to determine the industry standard. In the second case, which corre
sponds to the Battle of the Sexes, both firms want to compete within a joint 
network, but they cannot agree on the standard: "Each sponsor wants the other 
to join its network but would be willing to join the other's if the alternative is 
incompatibility" (Besen and Farrell, 1994, p. 125). Finally, in the last case, 
one sponsor may prefer to maintain its technology while the competitor may 
wish to join the rival's network. 

It is an empirical question whether firms actually invite potential rivals to 
license their technology and to compete within a joint network. In the early 
1980s, Intel licensed its microprocessor designs to AMD. Later on, Intel re
versed this decision and broke off its agreement with AMD (see, for example, 
Shapiro and Varian, 1999, p. 125). Another well-known example for both 
inter-technology and intra-technology competition is the VHS/Betamax con
test to determine the standard for video cassette recorders. Despite an early 
lead and a superior quality, the Sony Betamax system was finally driven out of 
the market by the VHS system from Japan Victor Corporation (JVC). The 
ultimate victory of VHS can be attributed to JVC's strategy of licensing its 
technology to other manufacturers (see, for example, Grindley, 1995, pp. 75-
130). 

In this model, we follow Economides (1996a) who assumes that high ex
pected sales increase the willingness to pay for the network good. He shows 
that it can be beneficial for the exclusive holder of a network technology to 
invite competitors into its network. The reason for this "seeming paradox" 
(Economides, 1996a, p. 31) is that the holder of the technology cannot credi
bly commit to a network size which exceeds its relatively low profit-
maximizing monopoly output. Consumers' expectations have to be fulfilled at 
the equilibrium level. The invitation of other firms is a self-binding device for 
the innovator because rational consumers anticipate that the market's total 
output rises with the number of competitors.̂ ^ 

Whereas the model by Economides is confined to intra-technology compe
tition, this model also deals with inter-technology competition. We focus on 
two firms A and B, each is the exclusive holder of a technology. The modeling 
of inter-technology competition is based on a system of two linear demand 

^̂  See Farrell and Gallini (1988) for an earlier model analyzing monopoly incentives 
to attract competition. 
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functions. Total demand can be increased by network effects, i.e. the market 
size is not fixed such as in models of the Hotelling-type. Two asymmetries 
occur: First, firm A is assumed to be the quantity leader. Secondly, the tech
nologies may have different marginal costs. The incumbent firm A faces the 
problem of whether to share its superior technology (via free licensing) with 
the potential competitor B or to keep its technology for itself Like in the 
model by Economides, the invitation of competitor B into product market A 
increases the network size and thus consumers' willingness to pay. 

If the incumbent keeps its technology for itself, three different equilibria 
may occur. Depending on the relative cost advantage of technology A, the 
entry of technology B can be blockaded^ ,̂ both technologies may coexist in an 
incompatible and heterogeneous duopoly or the incumbent can deter the entry 
of technology B, We will show that the incumbent can realize a higher profit 
in the case of entry deterrence than in the situation where the competitor's 
entry is blockaded.̂ ^ Conversely, the textbook result (see, for example, Pfahler 
and Wiese, 1998, p. 116) is that the incumbent's entry deterrence strategy is 
less profitable. By supplying the deterrence output, the incumbent not only 
prevents the competitor's entry, it also credibly commits to a quantity which 
exceeds the profit-maximizing monopoly output. As a consequence, consum
ers have an increased willingness to pay. Furthermore, it is shown that the 
deterrence profit can rise with decreasing marginal costs of the competing 
technology. The reason for this perverse effect is that the positive network 
effect of expanding the quantity may exceed the deterrence costs. 

There already exist models dealing with network effects and entry deter
rence. Generally, these models examine how an incumbent exploits network 
effects in order to prevent the entry of a competing technology. For example, 
Church and Gandal (1996) assume that the incumbent can commit earlier to an 
installed base of complementary goods than its competitor. By over-investing 

In Section 4.3, we will omit the assumption that technology A is superior. As a 
consequence, the entry of A can be blockaded if technology B has a considerable 
cost advantage. 
In this essay, the usual terminology is used which distinguishes between "deterred" 
and "blockaded" entry. Blockaded entry occurs when the incumbent just chooses 
the profit-maximizing strategy and, given this decision, it is not worthwhile for the 
competitor to enter the market. Entry deterrence refers to situations where the in
cumbent has to modify its strategy in order to prevent entry because the competitor 
is not as weak in terms of costs or quality as in the former case. 
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in the installed base, the incumbent strengthens the indirect network effects for 
its technology so that the market entry of the competing system is prevented. 
In an earlier model, Farrell and Saloner (1986a) demonstrate that the incum
bent can prevent the entry of a competing network technology by using 
predatory pricing.̂ "* 

In this model, it will be demonstrated that entry deterrence can only be a 
fulfilled expectations equilibrium if the incumbent's cost advantage is not too 
strong. In the case of a strong cost advantage, the entry of the competing tech
nology is blockaded and the incumbent cannot credibly commit to a network 
size that exceeds its profit-maximizing monopoly quantity. On the other hand, 
if one technology only has a weak cost advantage, both technologies coexist in 
an incompatible and heterogeneous duopoly. 

The requirement, that expectations have to be fulfilled in the equilibrium, 
makes it necessary to determine the equilibrium in a two-step approach: In the 
first step, we will compute the profit-maximizing quantities that fulfill expec
tations for a given path. The second step deals with the fact that firms could 
leave the path. Stability conditions will be derived for each path and it will be 
shown that these conditions ensure the uniqueness of the fulfilled expectations 
equilibrium.̂ ^ 

The structure of the model is as follows: Section 4.2 presents the model as
sumptions. Section 4.3 is confined to inter-technology competition. Section 
4.4 extends the analysis to the incumbent's strategic problem of whether to 
share its technology with the competitor or to keep its technology for itself In 
order to focus on the comparison of entry deterrence with the invitation strat
egy, we will assume that technology A has a moderate cost advantage. It will 
be demonstrated that entry deterrence can be more profitable for the incum
bent than inviting entry. Concluding remarks follow in Section 4.5. 

See Matutes and Regibeau (1996) for a review. 
Here, the term "uniqueness" refers to the case of inter-technology competition. The 
incumbent's strategic decision between inter-technology and intra-technology com
petition involves multiple equilibria. 
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4.2 Model Structure 

Suppose that there are two incompatible network technologies i = A,B exclu
sively held by two firms. The demand for the network goods A and B is given 
by the following system of linear inverse demand functions: 

Pi = ^i - P/ y^ -yyj + ̂ yU Uj = A,B, t^j, (4.i) 

The parameter y denotes the degree of substitutability.^^ For simplicity, sup
pose that P^ = P^ = 1 holds. Moreover, let us assume 0 < y < 1, thus the mar
kets for A and B are interdependent. Network effects for good / depend on the 
level of expected sales y^ and on the network effect parameter 0<n<l, 
Thus, network effects push the demand curves (for given expectations) up 
without changing their slopes.̂ ^ For each unit sold, the network benefit is the 
same. For simplicity, suppose that technologies have constant marginal costs 
with 0 < c. < a. . Hence, at least one firm will supply a positive quantity. 

The model has three stages. In the first stage, consumers form expectations 
by backward induction, i.e. they anticipate the equilibrium levels of sales. In 
the second stage, firm A (which is assumed to be the quantity leader) selects 
the profit-maximizing quantity of 4̂. Firm 5 responds in the third stage with 
the profit-maximizing quantity ofB, Four equilibrium paths may occur: 

1. Both technologies can coexist in a heterogeneous and incompatible du
opoly, i.e. firm5 responds with yli*>0 to the leader quantity 

y:,*>o. 
2. The market entry of firm B can be blockaded if firm^ has a strong cost 

advantage. Then, firm^ is able to select the profit-maximizing quantity 
>̂^ ̂  * > 0 without paying attention to firm B. 

3. In the case of a strong cost advantage of technology B, the market entry of 
technology A may be blockaded so that follower B selects the profit-
maximizing quantity yl^M*^^ i^ the third stage. 

^̂  This linear demand system - except the network effect - goes back to Spence 
(1976), Dixit (1979), and Singh and Vives (1984). 

^̂  For a discussion of the functional form of network effects , see Swann (2002). 
^̂  See Wiese (1997) for the distinction between the "demand curves for a given level 

of sales expectations" and the "fulfilled expectations demand curve", which is de
fined by equating expected sales with actual demand. 
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4. If firm ^ has a moderate cost advantage, it can exploit its first mover ad-
vantage in order to deter the entry of the competing technology. The 
deterrence quantity >̂ £̂>* > 0 is derived from firm B's reaction function. 
It corresponds to the quantity of good A which makes firm B respond with 
an output equal to zero. 

Fig. 4.1 summarizes the timing structure and the possible equilibrium paths 
which must fulfill consumers' expectations. 

7^,7* = 0 
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Fig. 4.1: Model structure and possible equilibrium paths 

4.3 Fulfilled Expectations Equilibrium 

The fulfilled expectations equilibrium is computed in a two-step approach. In 
the first step, the profit-maximizing quantities are derived for a given path, le. 
the quantities must be equal to the path expectations. For example, consider 
the case where firm A has a monopoly and the entry of technology B is block-

We do not distinguish between „quantity" and „capacity" in this model. However, 
Dixit (1980) demonstrates in a two-stage game that the incumbent cannot deter en
try by investing in a large capacity, i.e. the deterrence strategy would not be sub-
game-perfect. 
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aded. As usual, we apply the backward-induction principle. Starting in the 
second stage, the profit-maximizing monopoly output is computed as a func
tion of the expected network size. Finally, in the first stage, the expectations 
are endogenized: At the equilibrium level, actual quantities have to be equal to 
the expected ones. 

The second step deals with the fact that firms could leave the path, given 
the path expectations. Consider the example of firm A's monopoly with block
aded entry ofB, In the third stage, firm B selects the optimal quantity of good 
B, given the path expectations and firm ^ 's optimal quantity. If it were benefi
cial for firm B to supply a positive quantity of good B, i.e. to leave the path, 
the path would not be consistent any longer and consumers would anticipate 
firm B to deviate. Thus, rational expectations exclude this path. For the other 
paths, we can define similar stability conditions. 

4.3.1 Profit-Maximizing Quantities with Fulfilled Path Expectations 

This section deals with the first step of computing a fulfilled expectations 
equilibrium. For a given path, we will derive the profit-maximizing quantities 
which are equal to the expected ones. 

4.3.1.1 Monopoly with Blockaded Entry of the Competitor 

Suppose that firm / has a considerable cost advantage so that the entry of tech
nology j is blockaded. The profit function of monopolist / is given by 

n,M =y,M i^i -y^M +^y^ -^ / ) - (4.2) 

Maximizing the profit function with respect to y^^^ results in the monopoly 
quantity for given expectations: 

r„„-«) = 5 ^ ^ i ^ . (4.3) 

The maximum monopoly profit for given expectations is equal to 

n,,.-W) = <°'-'':"^''' . (4.4) 
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The expected quantity y^ must be set equal to the actual quantity y.^^ *. 
This defines the level of fulfilled expectations as the solution of 

ylM*-y,M*(yl^*) « y:M*-^!r-^' (4.5) 
2 - « 

where y^,^ * (y^) was substituted from Equation (4.3). The maximum mo
nopoly profit with fulfilled expectations is then given by 

n^-* = T ^ - (4.6) 
(n-2) 

4.3.1.2 Incompatible Duopoly 

In the second stage, firm^ selects y^j as the quantity of good A. Firm B re
sponds in the third stage with quantity y^ j of product B, The profit functions 
of the duopolists are given by 

n , =yX^i -yi -yyj-^^yl - ^ / ) - (4.7) 

Maximizing the follower's profit function with respect to y^j results in the 
follower's optimal quantity for given expectations yl and for the given leader 
quantity y^j: 

yB,i * (ys. yAj)= ^ - ^ • (4.8) 

Substituting Equation (4.8) in the profit function of firm A and maximizing 

with respect to y^j yields the optimal leader quantity for given expectations 

yA andy^: 

2(2-Y ) 

Substituting Equation (4.9) back in Equation (4.8) yields the follower's best 
reply 

(4 -Y^) (a , -c,)-2y{a, -c,)-n{f y\ -Af^^l-^f^) (4.10) 

4(2-Y^) 
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After having derived the optimal quantities of A and B as functions of the 
expected network sizes, we can endogenize consumers' expectations. For this 
purpose, we make use of Equations (4.9) and (4.10) to define the fixed point 
conditions ylj* = y.j * (yjj*,y^jj*), /, J = A,B, i^^ J. Solving these 
conditions for y^^j * and y^j * results in the optimal quantities of ^ and B 
which fulfill expectations: 

e ^^^J(^B -c^)-(4-2n)(a^ - c j 
^ ' ' (4-n)y^-2(n^-4n + 4) ' 

. ^ ^ 2Y(a^ - C J + (Y' -4 + 2n)(a, -c,) 
^ ' ' {4-n)y'-2(n'-4n + 4) 

Maximum profits of firm A and B are given by: 

^e , ^ 2(2-Y^)[Y(a, -c,)-(2-n)(a, -c,)Y ^^^^^ 

^'' [ 2 ( « ' - 4 « + 4 ) - Y ' ( 4 - « ) ] ' 

'̂' [2(n' -4n + 4)-y\4-n)Y 
(4.14) 

Fig. 4.2 shows the profit-maximizing quantities (as dashed lines) and the 
maximum profits with fulfilled expectations. Quantities and profits are func
tions of alternative marginal costs c^. The lower and the upper bounds of the 
incompatible duopoly are denoted by c^^ and c^^' respectively. At the equi
librium level, the quantities have to be positive, i.e. >^ /̂* > 0 and J^J/* > 0 
must hold. After rearranging Equations (4.11) and (4.12), we see that an in
compatible duopoly with fulfilled expectations exists if 

^B,l=^B-- -^^ -<CB<CB,2=^B--r-^ T-' (4.15) 
Y 4 - 2 « - Y 

In Fig. 4.2, the quantities and profits of firm A rise with c^. On the other 
hand, the quantities and profits of firm B decrease with Cg. Generally, quanti
ties and profits show normal reactions to cost variations if 
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dCj 2(« ' -An + A)-{A-n)f 
> 0 with ij = A,B, i^ j \ 

dcs 2(« ' - 4 « + 4 ) - ( 4 - « ) y ' 
< 0 and 

2«-4 < 0 holds. 
sy.j * 

dc^ 2(«' -4 /7 + 4 ) - ( 4 - « ) Y ' 

Since 2 Y > 0 , y^ + 2 « - 4 < 0 and 2 « - 4 < 0, the denominators must be 
positive. Making use of this condition, we have 

dy% * 9 y'. * Y' +YA/Y' +16 
-̂ ^̂  .>Oand - ^ ^ ^ ^ < 0 o ^ < ^ , ^ = 2 - ^ ^ ^ ^ . (4.16) ac. ac. 

'B,\ 'B,2 

+ 0.6 

+0.4 

+0.2 

e :^ 

\yh * 

first-mover 
advantage 

0.6 ^B 0.2 

Fig. 4.2: Profit-maximizing quantities and maximum profits with fulfilled expec
tations for parameters a^ = a^ = 1, « = y = 0.8 , ĉ  = 0.5 

In the following analysis, we will assume that n < rijj^ holds. With in
creasing network parameter n and rising degree of substitutability y, the 
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existence area [c^i^c^sj shrinks and the functions y^^j * and ylj * become 
steeper. The case of c^ j = c^ 2 corresponds to the situation of n= rij^ : The 
incompatible duopoly does not exist any longer and y^^j * and y^j * are 
vertical lines. 

Proposition 4.1: The incompatible duopoly occurs as a fulfilled expectations 

equilibrium if c^^ <Cg < c^ 2 f^^lds. 

4.3.1.3 Entry Deterrence 

In the second stage, quantity leader A can supply an excessive quantity of 
good A in order to prevent the entry of technology B in the following stage. 
The optimal response of firm B, given by Equation (4.8), must be set equal to 
zero. Substituting rational expectations yl =0 and solving for y^ results in 
the deterrence output which fulfills expectations: 

/sj'^='"'~\~^^'^'=0 « 3̂ .̂* = ^ ^ ^ - ^ . (4.17) 
2 Y 

Substitution of j ^ ^ ^ * and y^ =0 in the profit function of firm A, given by 
Equation (4.7), yields the deterrence profit with fiilfilled expectations: 

jje ^ ^ (g^ -CsiyJ^A -c^)-(l-n)(a^ -c^)] ^ ^ j ^ ^ 

Fig. 4.3 depicts the deterrence quantities and profits as fiinctions of alterna
tive marginal costs c^. In the interval x'< c^ < 1, firm ^ 's deterrence profit, 
n ^ ^ *, rises with decreasing marginal costs, c^, of its rival. To identify the 
reason for this perverse cost effect, it is necessary to scrutinize firm A's profit 
function. The deterrence profit is composed of the deterrence revenue, r j ^ *, 
and total costs c^ j ; ^ ^ *. As shown in Fig. 4.3, firm^ has to supply a larger 
deterrence quantity, JV̂  £> *, with decreasing c^. The larger network size re
sults in an increased willingness to pay for good A."^^ The deterrence revenue 
is hyperbolic, it is maximal at x and goes back to zero because positive net-

"̂^ The entry deterrence strategy is not necessarily a credible commitment. Later on, 
we will derive the conditions for credibility. 
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work effects of the quantity expansion are finally offset by negative price 
effects. The deterrence profit is positive if 

n'^,z)*>0 ^ ^B ^ ^ ^ " ' ' " ^ < c ^ < a ^ holds. 
\-n 

(4.19) 

yA,D 

Fig. 4.3: Entry deterrence output and profit for parameters a ^ = a 5 = l , 
« = Y = ĉ  = 0.5 

T-re H: 

Fig. 4.4: Impact of substitutability on the deterrence profit for parameters 
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Fig. 4.4 illustrates the impact of substitutability on deterrence profits. If the 
degree of substitutability, y, is low, firm^^ needs a larger quantity in order to 
prevent the entry of technology B. Thus, starting with c^ = 1, the maximum 
deterrence profit H^ ^ * (c^^ ) and the zero point are reached faster. 

Fig. 4.4 also demonstrates that the maximum level is independent of the de
gree of substitutability: 

9 ^^A,D \^B ) ' 
2(1-«) 4(1-«) 

(4.20) 

The impact of the network parameter n on the deterrence profit is unambi
guous, i.e. the deterrence profit always rises in n: 

dU\,* {a,-c,y 
dn 

> 0 . (4.21) 

Fig. 4.5 depicts this result. \fn approaches its upper limit « = 1, the deterrence 
profit is illustrated by a straight line. 

i c „ 

Fig. 4.5: Impact of network effects on the deterrence profit for parameters 
a ^ = a ^ = l , y = ĉ  =0.5 

4.3.2 Consistency of Equilibrium Patlis 

So far, we have derived the profit-maximizing quantities which fulfill expec
tations on a given path. For example, in the case of blockaded entry, it was 
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assumed that it is not beneficial for the weaker firm to enter the market. The 
second step of the equilibrium analysis deals with the fact that firms may de
viate from the path. 

4.3.2.1 Blockaded Entry of Technology B 

Suppose that the entry of technology B is blockaded. The possible equilibrium 
path with fulfilled expectations is given by: 

First stage: Consumers form the expectations y^^ = j ^ ^ * and yl =0. 

Second stage: Firm A selects the monopoly quantity j ; ^ ^ *. 

Third stage: Firm B does not enter the market, i.e. J^ / * = 0. 

Starting with the third stage, we examine whether it is beneficial for firm B 
to choose ylj * = 0. Substituting path expectations yl =0 and the leader 
quantity y^ = y^j^ * in firm ^'s best reply, given by Equation (4.8), yields: 

-y.-yM '0. y, ~K„-) = <^-">'"'-; '>7'°- -''\ (4.22) 
2(2-n) 

y,<0 o c , > c , , 3 = a , - ^ % ^ ^ . (4.23) 
2-n 

Proposition 4.2: The market entry of technology B is blockaded if c^ > c^^ 
holds. 

Note that the upper bound of the incompatible duopoly, c^ 2' '̂  always 
smaller than the lower bound, c^ 3, of technology B's blockaded entry: 

2Y(a^ -c^) _ Y(Q^^ -^A) 

4-2n-y 2-n 

Rearranging the inequation yields 

A-2n A-2n-f 
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which is always fulfilled. Hence, the blockaded entry of technology B ex
cludes the incompatible duopoly. 

4.3.2,2 Blockaded Entry of Technology A 

The next step is to analyze under which circumstances the entry of technology 
A is blockaded. The possible equilibrium path is given by: 

First stage: Consumers form the expectations JV̂  = 0 and y^^ = y^j^ *. 

Second stage: Firm A does not enter the market, Le. j ^ * = 0. 

Third stage: Firm B supplies the monopoly quantity yl^^ *. 

In order to examine whether it is beneficial for firm A to choose >̂^ * = 0, 
we have to derive firm B's optimal reply to the leader quantity for given path 
expectations yl =yl^M*: 

y.M^^^^'-'fl-^^"^''• (4.24) 
2(2-n) 

Substituting Equation (4.24) and y\=0 in firm ^ 's profit function and 
maximizing with respect to y^ results in firm A's optimal quantity in the case 
where firm A supplies a positive quantity - Le, it leaves the path - in the sec
ond stage: 

(2-n)(y - 2 ) 

y,<0 ^ c , < c , , ^ a , - ^ ^ " ^ ^ ^ ^ ^ " ^ ^ \ (4.26) 

Proposition 4.3: The market entry of technology A is blockaded if c^ < c^^ is 
given. 

Note that the upper bound of technology ^ 's blockaded entry is equal to the 
lower bound of the incompatible duopoly. Hence, the incompatible duopoly 
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cannot occur as a fulfilled expectations equilibrium if the entry of technology 
A is blockaded. 

4.3.2.3 Entry Deterrence 

Firm A can exploit its first-mover advantage in order to prevent the entry of 
technology B, But the deterrence path is only consistent if it is worthwhile for 
firm A to select the deterrence output y^^j^* in the second stage, given the 
path expectations. The possible equilibrium path is given by: 

First stage: Consumers form the expectations y^^ ~ y\j^ * and >̂^ = 0. 

Second stage: Firm^ supplies the deterrence quantity y\jy *. 

Third stage: Firm B does not enter the market, i.e. j ^ = 0. 

Suppose that firm A selects a lower quantity j ; ^ < y\j^ * in the second 
stage. In this case, it is beneficial for firm B to enter the market in the third 
stage. Its best reply for given expectations y\-^ is equal to: 

; ^ . * ( j . ) - " ^ " ' ' ; " ^ ^ ^ > 0 - (4-27) 

Substituting y^ *(>'^) and y\ = y^o* in firm ^ ' s profit function yields: 

n,,,(y.) 
^ yA^ycLA +2wa^ -y' a^ -2yc^ +y' c, -2nc,) (y^y(2-y') (4-28) 

2y 2 

Maximizing Equation (4.28) with respect to y^ and substituting the deter
rence quantity >'̂  ^ * results in: 

dy^ 2y 
(4.29) 

Entry deterrence is not consistent if it is worthwhile for the leader to reduce its 
quantity y^ and to accept firm 5's market entry. In this case, the first deriva
tive of firm ^ 's profit function must be negative: 
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<0 <:> c . <c„2. (4.30) 

Note that c^ ̂  ^^ ^^^ upper bound of the incompatible duopoly. Given the de
terrence output >̂^ ^ * and the deterrence expectations y^^ = y^j^ * and 
>̂ J = 0, firm A could increase its profit by reducing its output. Thus, entry 
deterrence is not consistent in this case. Rational consumers would anticipate 
the deviation from the deterrence path for values lower than c^^. However, if 
CQ > Cg2 holds, firm A would always lower its profit by reducing the output. 
This is a necessary, but not sufficient, condition for the consistency of entry 
deterrence. 

The next step is to analyze under which circumstances firm A would deviate 
from the deterrence path by increasing its output. Suppose that firm A chooses 
y^ > y^AD^^ i^ ĥe second stage. In this case, firm B would not enter the mar
ket in the third stage. Firm ^ 's monopoly profit for given expectations 
y\ = y\j^ * and y\=0 and for the actual quantity 3;̂  = 0 is equal to 

n ( ,^zJrt?kzOl*tiii)l-(^^).. (4.31) 
y 

Maximizing Equation (4.31) with respect to y^ and substituting the deter
rence quantity y^ = y^j^ * results in: 

^_I}l^^^^_,^_i'^-n\o.s-c.) (4.32) 

Suppose that the first derivative of firm ̂ ' s profit fiinction is positive: 

^ ' * ' > 0 ^ Cj,>Cs,. (4.33) 
dy 

^B ^ ^ 5 , 3 ' 

In this case, firm A would select a quantity which exceeds the deterrence out
put. Hence, the first-stage expectations y\ = yAo"^ ^^^ ^^^ consistent with 
firm ^ ' s behavior in the second stage. Thus, if technology ^ 's entry is block
aded, yA "= yAM* '^^ the only equilibrium with fulfilled expectations. 

Proposition 4.4: Entry deterrence is a fulfilled expectations equilibrium if and 
only if CQ ^<Cg <c^.^ holds, i.e, the incompatible duopoly and the monopoly 
with blockaded entry of the competing technology are not feasible. 
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Proposition 4.5: Let c^^ be inflnitesimally smaller than Cg^. If the network 
effect is positive, n>0, we have: 11^^ * (^i 3) > ^\D * (^B,3 )-^A,M * • ^^^ 
a sufficiently strong network effect n>nj^j^, H^^* exceeds H ^ ^ * 
throughout the relevant interval c^^ <Cg < c^ 3. 

Proof: We have that H'^^ * (c^ 3) - H'^^ * is always fulfilled. 
The first derivative of n ^ ^ * is negative at c^ 3: 

9 n^.^ *(Co3) « ( a , - c ) 
A,D \ ^,3/^__H^—^^iZ<o. (4.34) 
5c^ y ( 2 - « ) 

The limit n^j^ follows from H^ ^ * (c^ 2) ^ ^ 1 ^ ^ *: 

Since 11^^ *(^5) is concave with 

5^n;^* 2(i-«) , 
5c^' 

and continuous, 

n;«*(c,)> 

throughout interval 

f 

^\M * 

— "^ \J 

holds 

^B,2 ^ ^B ^ ^B, QED 

4.3.3 Numerical Example 

Fig. 4.6 depicts the different fulfilled expectations equilibria for a numerical 
example. The deterrence profit, 11^^ *, rises with decreasing marginal costs 
of technology B because the incumbent firm can credibly commit to a larger 
network. Since the network effects are sufficiently strong, the deterrence profit 
is always higher than firm A's monopoly profit with blockaded entry of tech
nology B. 

Fig. 4.7 shows the equilibrium areas, where the marginal costs of both 
technologies are variable. Note that Fig. 4.6 is a cross-section of Fig. 4.7 at 
c^ = 0.5 . The figure illustrates that the deterrence strategy is only feasible if 
firm^ has a moderate cost advantage. 
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blockaded 
entry ofB 

Fig. 4.6: Fulfilled expectations equilibria for parameters a ^ = a 5 = l , 

« = y=:0.8, Ĉ  =0.5 

CBACA)\ 

^fi,2(<^J 

blockaded entry 
of technology B 

blockaded entry 
of technology A 

0.2 0.4 0.6 0.8 1 C, 

Fig. 4.7: Two-dimensional representation of fulfilled expectations equilibria for 

parameters a^ = a^ = 1, « = y = 0.8 
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4,4 Entry Deterrence vs. Intra-Technology Competition 

In this section, we will analyze the incumbent's strategic choice of whether to 
share its technology with the rival or to keep its technology for itself Let us 
restrict the analysis to the deterrence region c^^ < c^ < 5̂,3 • Recall that tech
nology A is superior to B in this area. In order to exclude multiple equilibria, it 
is also assumed that standardization on the superior technology A (by means 
of deterrence or invitation) is focal."̂ ^ The timing structure is as follows: In the 
first stage, firm A decides whether to invite its competitor into network A or 
not. This decision affects consumers' expectations in the second stage. After 
having invited its competitor, firm A selects its leader quantity in the third 
stage. Finally, firm B chooses the optimal follower quantity of good A in the 
fourth stage. It is assumed that firm B can either join network A or enter the 
market with its own technology B but not use both strategies at the same time. 
Moreover, suppose that both firms have the same marginal costs c^ if they 
produce good v4. 

The equilibrium analysis is similar to the preceding one. First, we will de
rive the profit-maximizing quantities that fiilfill expectations on a given path. 
Then, we will analyze under which circumstances the invitation strategy is 
self-enforcing, le. it must be beneficial for firm B to join voluntarily network 
A instead of selecting its own technology B, The last step of the equilibrium 
analysis deals with firm^'s first-stage decision, le, whether to invite its com
petitor to engage in intra-technology competition or not. 

4.4.1 Profit-Maximizing Quantities with Fulfilled Expectations 

Suppose that firm A has invited its competitor. In the case of intra-technology 
competition, the profit fiinction of firm ̂  is given by: 

n^ ,^ =yA,L ^A -yA,L -yA,F +^yA - ^ A ) ' (4-36) 

where the leader output is denoted by y^ ^ and the follower quantity by y^j,. 
The profit function of firm B is equal to 

^̂  Therefore, it is not necessary to analyze the invitation of firm A into network B, 
Suppose that both firms invite each other into their networks. This coordination 
game, which corresponds to the "Battle of the Sexes", has multiple expectations and 
equilibria. 
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^A,F =yA,F(^A -yA,L - y A,F +^yA-^A)' (4-37) 

optimal quantities for given expectations are equal to: 

yA,,Hy:) = '''~V"^^'' (4-38) 

yA.,Hy:)-^^-^^^^^. (4.39) 

Summing up yields the total output for given expectations: 

yA ''(yA) = ^-^—j—^^ • (4-40) 

Maximum profits for given expectations are equal to: 

o 

n . , ' W ) = <"-" '^ ; ; "^^ ' ' . (4.42) 
lo 

The fixed point condition is derived from Equation (4.40): 

y:* = yA*(y7) « y:* = ̂ ^ ^ r ^ - ^"^-"^^^ 
4-3n 

Optimal quantities and profits with fulfilled expectations are given by 
Equations (4.44)-(4.47): 

> ^ ; . * - % ^ , (4.44) 
4 - 3 « 

a, -c, * _ ^ A "A 

4-3n 
y:,*= : ^ \ (4.45) 

^\L*=^f' '£ , (4-46) 
(3«-4) 
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{3n-4y 
(4.47) 

Note that the leader profit is twice as high as the follower profit. This result 
reflects the first mover advantage of the Stackelberg leader. 

Fig. 4.8: Impact of the invitation on the expected network size 

Fig. 4.8 illustrates the impact of firm B's entry on the expected network size 
of good^. Suppose that the entry of technology B is blockaded. In the mo
nopoly case, A^ represents the optimal quantity of good A which fulfills ex
pectations. This quantity is given by the intersection point of y *^^ (y^^) 
with the 45°-line. By means of firm B's entry into network A, the curve 
y *̂  (y^^ ) is shifted outward. The optimal quantity which fulfills expectations 
increases to A^. The invitation is the only way to commit credibly to a net
work size which exceeds firm ^ 's profit-maximizing output. If firm A prom
ised to produce the output A^ by itself, it would not be credible because, as a 
monopolist, firm A has an incentive to reduce output for any given level of 
expectations exceeding ^^. At y^^ =0 , the curve y^ *(>'^) is above the 45°-
line because of a^ > c^ . If its slope is smaller than one, the function has an 
intersection with the 45°-line: 
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^J^AIMI^X « «<1 , (4.48) 
dy: 3 ' 

which is always fulfilled because of the assumption n<\.\f firm ^ is a mo
nopolist, the existence condition is relaxed. From Equation (4.3) follows that 
n<2 must hold in this case. 

4.4.2 Consistency of the Invitation Strategy 

So far, we have derived the profit-maximizing quantities which fulfill expec
tations on a given path. Thus, in the case of intra-technology competition, it 
was assumed that it is worthwhile for firm B to join network A. Now, it must 
be taken into account that firm B could deviate from this path. Duopoly within 
markets is given by the following path: 

First stage: Firm^ invites its competitor into network^. 

Second stage: Consumers form the expectations y^^ = yAi"^ '^y^F * 
and >;; = 0. 

Third stage: Firm^ selects the leader quantity j ^ ^ ^ * of good J . 

Fourth stage: Firm B reacts with the follower quantity JV̂  ̂ r * of good A. 

Starting with the last stage, we analyze whether it is really beneficial for 
firm B to accept the invitation into network A. First, the profit-maximizing 
quantity of good B must be derived, given the leader output y^j^ * and the 
expectations 3̂ ^ = 0. Substituting 7^^ * and yl=0 in firm B's best reply, 
given by Equation (4.8), yields: 

y.-yM-o,y. -/.,')-^'-'"^^Xl'KT^'"'"'''• (̂ •'"» 
2(4-3«) 

Firm 5's maximum profit for deviating from the invitation path is given by: 

^[2yia,-c,)-(4-3n)(a,-c,)f n,= 
,if PB > 0 4(3«-4) ' 'V ẑ» - (4 50) 

0 , otherwise 
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Firm B voluntarily joins network A if the follower profit within network A 
exceeds the deviation profit n^ : 

2(a^-cJ(l + Y) 
^\F*>^B « CB>^B=^ 

4-3n 
(4.51) 

Proposition 4.6: Firm B accepts the invitation into network A if c^ > Cg 
holds. Otherwise, the invitation path cannot be a fulfilled expectations equilib
rium because firm B would run its own technology B. 

Fig. 4.9 illustrates the consistency condition for the invitation path. For 
Cg <Cg, firm B's deviation profit n^ exceeds its follower profit n ^ ^ * 
within market A, Thus, the invitation strategy is not feasible. If c^ > Cg is 
given, the invitation strategy is self-enforcing. 

4 "̂  
c 

k ^ _ Invitation is not 
\ \ self-enforcing 

lo.l Nv 

+0.05 ^ \ ^ 

1 1 

B 

Invitation is 
self-enforcing 

n <n̂  * 

^'A.F* 

1 ' » ^ 

0.2 0.4 0.6 

Fig. 4.9: Consistency of the invitation strategy for parameters a^ =ag =1, 
n = y = c^ =0.5 

4.4.3 The Inyitation Decision 

It remains to be analyzed under which circumstances firm A will invite its 
competitor instead of selecting the deterrence output of good A. If the invita-
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tion strategy is feasible, firm A has to compare its invitation payoff with its 
deterrence payoff 

Proposition 4.7: Suppose that entry deterrence is feasible, i.e. 
Cg2 <^B ^^B3' Network A is closed and entry deterrence occurs as a ful

filled expectations equilibrium if n ^ ^ * > n ^ ^ * holds. Conversely, if 

IV * < n^^, * is given, the invitation of firm B is a fulfilled expectations 
equilibrium 

A,L 
42 

Fig. 4.10 compares the deterrence profits with the profits in the case of in-
tra-technology competition. If c^ < c^ holds, firm A invites its competitor. 
For c^ 2 ^^B < ^5 ' fi^*^ ̂  selects the deterrence strategy. Thus, in this situa
tion deterrence is a more successful commitment device than the invitation 
strategy. 

4o.6 

40.2 

B,2 

deterrence 
^ , — 

B 

invitation 

1 

9,3 

- • 
0.1 0.2 0.3 

Fig. 4.10: Invitation into network A vs. entry deterrence for parameters 
a^ =a5 =1, « = y = 0.8 and ĉ  =0 

Since c^ <^B2 always holds, the invitation into network A is self-enforcing 

throughout the deterrence interval c^ 2 ^^B ^^. B,3 ' 
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4.4.4 Welfare Implications 

Fig. 4.11 illustrates the demand curves with given and with fulfilled expecta
tions. After connecting all the points with identical expected and real sales, we 
can derive the demand curve with fiilfilled expectations, which is flatter than 
the demand curves with given expectations. Consumers' surplus must be 
based on rational expectations. If the real quantity of good A is reduced, the 
willingness to pay increases by a lower amount because consumers face a 
smaller network. Thus, consumers' surplus corresponds to the dotted area 
below the demand curve with fiilfilled expectations. 

^>^li* 
demand with given expectations 

demand with fulfilled expectations 

J A = yA,2 

Fig. 4.11: Consumers' surplus and given expectations 

For a single market /, consumers' surplus is given by: 

(4.52) 

Substituting Equation (4.43) into Equation (4.52) yields consumers' surplus in 
the case of duopoly in market A: 

csic* = 2(3 « -4 ) ' 
(4.53) 
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Substituting Equation (4.5) into Equation (4.52) leads to consumers' surplus in 
the case of monopoly: 

\2 

2{n-2f 
C5,:̂ * = ̂ ^ ; 7 H ^ - (^-54) 

For entry deterrence, Equation (4.17) must be substituted into Equation (4.52): 

2y 

A standard welfare measure can be derived by adding up consumers' sur
plus and total profits. Substituting Equations (4.46), (4.47) and (4.53) yields 
welfare in the case of duopoly in market^: 

wi,* = cs:^, *+n̂ ,,, *+n;,*=l^^^^^^^p^. (4.56) 

In the monopoly case, welfare corresponds to 

KM*-CS:^ *+Iil^*^'- ''r',r^'. (4.57) re *_/^Q'e *_LTT^ ^ _ (3 n)(QL. c.) 
2{n-2f 

Finally, in the deterrence case welfare is given by 

_ (as - c . ) ( 2 y ( a , - c , ) - ( l - « ) ( a , - c , ) ) (4-58) 

2f 

Proposition 4.8: Throughout the interval c^^ <c^ < c^ 3, C«S'̂ ^* > C*?^^ * 
holds. Thus, consumers always prefer duopoly in market A to entry deter
rence. Considering total welfare, we see that JV^c* ̂  ^AD * holds through
out the deterrence region. Thus, intra-technology competition is desirable 
from the welfare perspective. 

Proof: See appendix A 2. 
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4.5 Concluding Remarks 

In this model, we have formalized the problem of whether an incumbent firm 
has an incentive to share its technology with a rival firm or to keep its tech
nology for itself By sharing its technology, the incumbent credibly commits 
to a future network size which exceeds the profit-maximizing monopoly 
quantity. As a consequence, the incumbent reaps the benefits of the consum
ers' increased willingness to pay for the network good. What drives the model 
is the assumption that consumers form rational expectations about the network 
size before the firms are able to choose their output levels."̂ ^ This timing 
structure (including the Stackelberg assumption) is the same as in the model 
by Economides (1996a). Whereas Economides' model is confined to intra-
technology competition, we have presented a framework dealing both with 
inter-technology and intra-technology competition. 

We have analyzed the problem in two steps. The first step was restricted to 
inter-technology competition, i.e. the incumbent was assumed to keep the own 
technology for itself We have seen that the fulfilled expectations equilibria 
depend on the relative marginal costs of both technologies. The entry of the 
follower may be blockaded if the incumbent firm has strong cost advantages. 
But if the follower has a considerable cost advantage, the incumbent's entry 
can be blockaded as well. On the other hand, in the case of weak cost differ
ences, both technologies coexist in an incompatible and heterogeneous du
opoly. Entry deterrence is feasible only if the incumbent has a moderate cost 
advantage. Each of the four possible fulfilled expectations equilibria has to 
meet consistency conditions which ensure the uniqueness of the equilibrium. 
The above results reflect the idea that markets are "tippy", i.e. the coexistence 
of incompatible products may be unstable if firms are dissimilar in terms of 
costs. Moreover, the region of the incompatible duopoly shrinks with strong 
network effects and with a rising degree of substitutability. 

The central argument of the model is that the incumbent may realize a 
higher profit in the case of entry deterrence than in the situation where the 

"^^ The model deals with rational expectations in that consumers' expectations involve 
all information available. Of course, in real market situations, there can be uncer
tainty (perhaps with respect to the pace of technological progress). See Farrell and 
Katz (1998) for an analysis covering other types of expectations, most notably 
"stubborn expectations". 
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competitor's entry is blockaded. The deterrence quantity not only prevents the 
competitor's entry, it also increases the incumbent's network and thus con
sumers' willingness to pay. Furthermore, we have derived the perverse effect 
that the deterrence profit can rise with decreasing marginal costs of the fol
lower because the incumbent has to supply a larger deterrence quantity with 
increasing strength of its rival. 

In the second part of the model, we have analyzed the incumbent's choice 
of whether to share its technology or to insist on inter-technology competition. 
We have seen that the deterrence strategy can be more profitable for the in
cumbent (if the incumbent's cost advantage is not too strong) than the strategy 
of sharing its technology. Since the incumbent does not internalize the positive 
externalities of the invitation strategy, which exists in terms of the follower 
profit and in an increased consumers' surplus, the deterrence strategy is wel
fare-inferior. Consequently, a policy recommendation should be to oblige the 
incumbent firm to license its technology to the rival. 



Standardization of Nascent Technologies: 
The Tradeoff between Early Standardization and 
Experimentation 

This chapter investigates the tradeoff between early (ex-ante) standardization 
and experimentation. The advantage of experimentation over ex-ante stan
dardization is that users learn about the actual values of potential technologies 
("learning by using") so that they can choose the ex-post standard with better 
information. However, experimentation involves a transient or even persistent 
loss of compatibility. We will numerically analyze the case where the values 
of two potential technologies are drawn from a bivariate normal distribution. 
The numerical analysis demonstrates that consumers prefer ex-ante standardi
zation to experimentation if they expect the values of both technologies to be 
strongly correlated. Furthermore, the model shows that if the technologies are 
not equally attractive ex ante, there can be too much ex-ante standardization 
compared with the social optimum, or consumers may choose an inferior 
technology as ex-ante standard. 

5.1 Introductioii 

A common characteristic of nascent technologies is that consumers cannot 
completely assess the product's quality at the time of market launch. The po
tentials and disadvantages of such technologies can be revealed only after 
consumers have experimented with them. In the course of being used, con
sumers may learn about new ways of utilization and about unexpected obsta
cles. Thus, consumers gain from variety by discovering the true values of 
competing technologies ("learning by using"). However, in the case of net
work technologies, variety also involves a transient or even persistent loss of 
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compatibility. Early standardization, i.e. the adoption of a joint technology, 

may ensure compatibility from the beginning so that consumers benefit from 

positive network externalities/^^ However, early standardization also implies 

that the consumers do not find out the true qualities of alternative technologies 

which might be superior ex post."̂ ^ 

The market of DVD writers gives an example for experimentation with in

compatible network technologies such as DVD-R, DVD-RAM, DVD-RW, 

DVD+RW, and DVD+R. In general, the distinctions rely on how the data is 

written to and read from the disk. For example, DVD-R and DVD+R disks can 

only be recorded once. Both DVD-R and DVD+R discs will play in most 

DVD-players, even older ones. DVD+RW, DVD-RW and DVD-RAM disks 

can all be recorded many of times. DVD-RAM, for instance, was created for 

storage of computer data like hard drive backups so that most DVD-players 

cannot play DVD-RAM discs. The other formats are better suited for record

ing movies, but they will only be compatible with newer DVD players. 

In this chapter, we follow Choi (1996) who has developed a framework to 

analyze the tradeoff between early standardization and experimentation. The 

coordination problem of standardization is analyzed from the perspective of 

consumers."*^ For simplicity, the model considers two consumers and two 

competing network technologies. In the first period, the consumers choose 

between ex-ante standardization and experimentation. Experimentation means 

that the consumers adopt incompatible technologies while ex-ante standardi

zation involves the adoption of a joint technology so that consumers benefit 

from positive network externalities. The first-period decision is based on lim

ited information, i.e. the consumers only know the probability distribution of 

Alternatively, compatibility can be achieved by using converters. See, for example, 
Farrell and Saloner (1992). 
Note that variety has an entirely different role in this framework than in the model 
by Farrell and Saloner (1986b). In this early standardization model, Farrell and Sa
loner analyze the tradeoff between standardization and variety. Consumers are as
sumed to have heterogeneous preferences with respect to the good specifications. 
Thus, standardization entails the cost of constrained product variety. 
There exist several models analyzing the technology-adoption process. See, for 
instance, Farrell and Saloner (1986b), Belleflamme (1998), and Choi and Thum 
(1998). 
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both technologies' stand-alone values, which is "common knowledge"."*^ In 

the second period, the values of all technologies used in the previous period 

become public knowledge. Based on this information, each consumer decides 

whether to stick to the own technology or to switch to the other one. We as

sume that switching entails switching costs."^^ Thus, the second-period game 

may result in persistence of incompatibility or in ex-post standardization. 

The model distinguishes between two different regimes of coordination. 

The distinctive feature is whether consumers have vested interests or not. In 

the absence of vested interests, there exists a simple coordination problem 

which can be solved by "cheap talk"."*^ We will interpret this situation as 

committee standardization, i.e. consumers convene in a standard-setting com

mittee and communication is sufficient to ensure consensus. However, if con

sumers have vested interests, they face a coordination problem corresponding 

to the Battle of the Sexes. In this case, both consumers prefer a joint technol

ogy but they disagree about which technology to adopt. We will interpret this 

non-cooperative game as de-facto standardization. 

In this chapter, we substantiate the outlined model framework by deriving 

numerical solutions for the case where the technologies' values are drawn 

from a bivariate normal distribution function.^^ This example of a continuous 

distribution function will enable us to investigate the impact of correlation on 

the incentives to experiment. It is shown that consumers prefer ex-ante stan

dardization to experimentation if they expect the values of both technologies 

to be strongly correlated. This result is in contrast to Choi (p. 285f.) who "ex-

pect(s) experimentation to be a better option if the values of the two technolo

gies tend to be negatively correlated." He confirms this intuition for a two-

point distribution but he also acknowledges that "...the two-point distributions 

Here, the term "stand-alone value" denotes one user's basic utility in the case where 
the other user do not adopt the same technology. If both users adopt the same tech
nology, each user also benefits from positive network extemalities. 
See Marinoso (2001) for a model investigating endogenous switching costs. For an 
approach to estimate switching costs, see Shy (2002). 
For coordination by "cheap talk", see, for example, Farrell (1987) and Cooper et al. 
(1992). 
Choi assumes a symmetric probability distribution function without specifying the 
type. The comparative statics (p. 285) are not explicit enough because the network 
effect and the switching cost affect the integration regions and thus the probabilities 
of occurrence. To consider this effect, the probability distribution must be specified. 
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are not rich enough to capture the main point of the paper, which explains the 
use of a continuous distribution in the previous section" (Choi, p. 286, foot
note 19). 

The different impact of correlation on the results of the model can be traced 
back to Choi's assumption that the standard will not change in the second 
period if both users adopt the same technology in the first period. Neverthe
less, Choi (p. 279, footnote 12) affirms that "this assumption is not crucial to 
the main results of the paper and can be easily dispensed with." We will dis
pense with this assumption, i.e. consumers can switch to the competing tech
nology even if they have adopted the same technology in the first period. In 
this situation, consumers find out the true value of the chosen technology, 
only. But in the case of strong positive or negative correlation between both 
technologies, the consumers may use the observed value in order to learn 
something about the other value, i.e. they revise the expected ex-ante value of 
the other technology according to the Bayesian rule. Thus, experimentation 
only has a slight information advantage over ex-ante standardization in the 
case of strong correlation so that the information advantage of experimenta
tion is easily outweighed by the compatibility advantage of ex-ante standardi
zation. 

Choi confines his model to the case where two potential technologies are 
equally attractive ex ante. Because of this symmetry, consumers have no 
vested interests in the first period so that they can coordinate their strategies in 
a standard-setting committee. However, by choosing different technologies in 
the first period, consumers build up vested interests. In the second period, 
there is then a coordination problem corresponding to the Battle of the Sexes. 
Due to switching costs, each consumer wants the other to join his technology 
but prefers to join the other's if the alternative is incompatibility. Finally, there 
may be too little ex-post standardization compared with the social optimum. 

This chapter shows that the coordination problem aggravates if the tech
nologies are not equally attractive ex ante, i.e. the first-period problem which 
technology to adopt may lead to inefficient results as well. In a numerical 
example, we will consider a risky technology with a low mean value and an
other technology with low deviation and a large mean value. It will be demon
strated that there is too little experimentation compared with the social opti
mum. Even if experimentation is worthwhile collectively, no consumer is 
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willing to experiment with the risky technology due to its low mean value. In 
the end, there can be excessive ex-ante standardization on the technology with 
the larger mean value. Moreover, a coordination failure may occur in that the 
wrong (inferior) technology may become ex-ante standard. 

The structure of this chapter is as follows: Section 5.2 deals with the model 
assumptions. In Section 5.3, the expected values of experimentation are de
rived. In Section 5.4, we will compute the expected values of ex-ante stan
dardization. Section 5.5 deals with the first-period problem of whether to ex
periment with different technologies or to adopt the same technology. Equilib
ria and welfare implications are analyzed numerically, both for the case of a 
symmetric and an asymmetric probability distribution. Concluding remarks 
follow in Section 5.6. 

5.2 Model Structure 

Suppose that two homogeneous users choose between the incompatible and 
competing technologies A and B, The stand-alone value of technology A is 
denoted by a and the corresponding value of technology B is given by b. If the 
consumers adopt the same technology, they gain the network benefit n. 

In the first period, the true stand-alone values are unknown to the users.̂ ^ 
Therefore, the consumers base their adoption decision on expected values. 
Assume that the stand-alone values are drawn from a bivariate normal distri
bution, where f(a,b) represents the joint density function 

1 
f(aM-

27ra^a^Vl-p' 

exp^ 
- 1 

2(1-P^) 
•2p b-[iB 

(5.1) 

and the set of potential stand-alone values corresponds to 
mean values of technology A and B are denoted 

For simplicity, it is assumed that consumers have incomplete information only with 
respect to the stand-alone values. But the main results also hold if we assume in
complete information about the network benefit and/or the switching costs. 
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by |Lî  and [i^, and the standard deviations are given by a^ and a^. The 
correlation coefficient p has the following characteristics: 
• - l < p < l , 
• p = 0 if ̂  and B are uncorrelated, 
• p > 0 if ̂  and B are positively correlated, 
• p < 0 if A and B are negatively correlated. 

The conditional expected values of ̂4 and B correspond to 

E{B\a)=ii,+p^{a-[i,)mdE(A\b)=ii,+p^{b-ii,) (5.2) 

and the joint (cumulative) distribution function is defined as 

a b 

F(a,b) = P(A<a,B<b)= j jf(z,t)dtdz, (5.3) 
-cxD - 0 0 

where F(a,b) is non-decreasing in a and b, F(-oo,-oo) = 0 and 
F(oo,oo) = l . 

In the second period, the values of all technologies used in the previous pe
riod are revealed. This assumption reflects the idea that potential values of 
new technologies can be assessed only after the technologies have been used. 
Based on this information, a user has three options: Firstly, the user can stick 
to the own technology. As a second option, he may switch to the other tech
nology. Due to technology-specific learning or investment in complementary 
products switching entails switching costs s. As the third option, the user may 
forgo to adopt technologies A or B, respectively. The user will choose this 
"outside option" if both technologies' stand-alone values turn out to be low. 
By assumption, the user's utility is equal to zero in the case of choosing the 
outside option. 

Fig. 5.1 clarifies the model structure. Experimentation means that the users 
adopt different technologies in the first period so that they have complete in
formation about the stand-alone values in the second period. The second pe
riod of the experimentation subgame involves six distinct Nash-equilibria. If 
both technologies have similar basic values, each user will stick to his tech
nology and incompatibility will persist. E^^ represents all combinations of a 
and b resulting in this case. In situations where both values turn out to be di-
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verse, the disadvantaged consumer may switch to the superior technology. 
E^ and E^^ stand for the values of a and b yielding ex-post standardization 
on technology A or B, respectively. E^ and E^ depict the event that the dis
advantaged user prefers the outside option while the other consumer sticks to 
his technology A or B, respectively. Finally, E^ denotes that a and b turn out 
to be low so that both users choose the outside option. Thus, the set of events 
is given by Q = E^^ u E^ u E^^ KJE^UE^UE^ and 
Q = {(a,b):(a,b)eR'\, 

Ex-ante standardization 
on i=AyB 

Consumers 
stick to / 

Consumers 
collectively 
switch toy 

t^\ 

Consumers 
collectively 

opt-out 

Standard-setting committee; 
No vested interests among users, 

communication ensures consensus. 

/ becomes 
ex-post 

standard 

Experimentation 
with A and B 

Persistence of 
incompatible 
technologies 

'-AB 

Opt-out ofy / 
total opt-out 

EflEc., 

( = 2 De-facto standardization: 
Vested interests among users, 

communication is "cheap talk" 

Fig. 5.1: Model structure 

As an example for ex-ante standardization, consider the case where both 
users adopt technology A in the first period. Then, in the second period, they 
only know the true value of^. But on the basis of the observed value of tech
nology A, the users may derive the conditional expected value of technology 
B. If this value minus the switching cost is larger than the basic value of ̂ , the 
users collectively switch to technology B. This event is denoted by Sg. In the 
case where the users stick to technology A, the equilibrium area is given by 
S^. The last event S^ means that both users choose the outside option, i.e. 
the true value of ̂  and the conditional expected value of ^ turn out to be low. 

If both technologies are equally attractive ex ante, the users have no vested 
interests in the first period so that they can coordinate their strategies within a 
committee. However, in the case of an asymmetric distribution of the tech
nologies' values, the first period may involve a conflict of interests among 
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users.̂ ^ By adopting different technologies in the first period, consumers build 
up vested interests, and in the second period of the experimentation subgame, 
they face a situation corresponding to the Battle of the Sexes. However, in the 
second period of the ex-ante standardization subgame, users have no vested 
interests. Thus, there exists a simple coordination problem that can be solved 
by communication. 

5.3 Experimentation 

Following the backward-induction principle, we will first derive the equilibria 
and the socially optimal results of the second period before computing the 
expected payoffs of the first period. 

5.3.1 Second Period: Equilibria of the Experimentation Subgame 

Suppose that user 1 has adopted technology A and user 2 has chosen technol
ogy B in the first period. Then, the true stand-alone values of both technolo
gies are common knowledge in the second period. Given this scenario. Ma
trix 5.1 depicts the payoffs of the users depending on the strategies "switch" 
(5), "no switch" (^5) and "opt out" (OO). 

The combination of strategies (NS, S) denotes, for instance, that user 2 
switches from technology J? to ̂  so that the latter technology becomes ex-post 
standard. Then, both users realize network benefits, but user 2 has to bear the 
switching cost alone. The set E^ includes all combinations (a, b) resulting in 
(TVS', S) as Nash-equilibrium. In the case of (NS, 00\ user 2 prefers the out
side option and realizes the reservation utility equal to zero, while user 1 sticks 
to technology A. Due to the withdrawal of user 2, user 1 does not obtain net
work benefits n. Set E^ includes all combinations of stand-alone values in
ducing (AC, OO) as Nash-equilibrium. 

^̂  The numerical analysis in 5.5.2 will demonstrate that an asymmetric probability 
distribution does not necessarily involve vested interests. 
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Matrix 5.1: Payoffs in the experimentation subgame 

Switch (S) 

No Switch (NS) 

Opt Out (OO) 

Switch (S) 

(b-s, a-s) 

(a + n, a + n-s) 

(0, a-s) 

No Switch (NS) 

(b + n-s, b + n) 

(a.b) 

(O.b) 

Opt Out (OO) 

(b-s, 0) 

(^,0) 

(0,0) 

It is straightforward to see that the (ex post-) experimentation subgame has 
the following equilibria for {a,b)eR^ and s>n: 

^AA - {(^' b):b<n-s + aAa>s-n}, (NS, S): 

(S, NS): 

(NS, NS): 

(NS OO): 

(OO, NS): 

(OO, OO): 

Egg = {(a,b) •.b> s-n + a Ab> s-n], 

E .B — 
Ua,b):b >n-s + a A 

\b<s-n + a A a>OA Z>>Oj 

E^ = {(a,b)-.OKaKs-n Ab<0}, 

Eg = {ia,b) •.0<b<s-nAa<0}, 

E^ ={(a ,6 ) :a<0 Afe<0}. 

(5.4a) 

(5.4b) 

(5.4c) 

(5.4d) 

(5.4e) 

(5.4f) 

Fig. 5.2 depicts the equilibrium areas for the {a, 6)-plane. In order to restrict 
the analysis to unique Nash-equilibria, switching costs are assumed to exceed 
the network benefit, i.e. s>n . For 5 < « , the line b-s-n + a runs below 
b = s-n + a so that equilibrium regions Egg and E^ overlap. 
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b = s-n 

b = n-s-^a 

^a 

a- s-n 

Fig. 5.2: Nash-equilibria for the {a, fe)-plane 

5.3.2 Second Period: Socially Optimal Outcomes 

In this section, we will discuss the socially optimal results of the experimenta
tion subgame. Welfare is derived by means of an additive welfare function 
which sums up users' payoffs. Welfare analysis will show that the non-
cooperative game results in too little ex-post standardization compared with 
the social optimum. This inefficiency is due to the fact that the switching con
sumer generates a positive network externality for the other user. Since the 
switching consumer has to bear the switching cost alone, the private incentive 
for standardization is too weak compared with the social optimum. 

Consider the set W^ which includes all pairs of (a, b) yielding efficient ex-
post standardization on^. Comparison of (AS, S) with (AW, NS) results in: 

a + b <2a + 2n-s ^=> b <2n-s + a , 

Comparing (NS, S) with (NS, OO) results in: 

a<2a + 2n-s => s~2n<a. 
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Further conditions are not binding in this case. 
The other regions for socially optimal outcomes can be derived analo

gously. It is straightforward to see that the socially optimal rule for (a,b)eR^ 
and s>2n is given by: 

{NS,S): W^ --{{a,b)\b<2n-s + a /\a>s-2n], (5.5a) 

(S.NS): W^s ={(a,b):b>s-2n + a Ab>s-2n}, (5.5b) 

{(a,b):b>2n-s-\-a A ] 
(NS^NS): W,,=\\' \ n A n ' ^^'^""^ 

[b<s-2n + a A a>OA b>Oj 

(NS.OO): W^ ={(a,b):0<a<s-2n Ab<0}, (5.5d) 

(OO, NS): W^ = {(a,b) :0 <b <s-2n A a <0}, (5.5e) 

(OO, OO): W^={(a,b):a<OAb<0], (5.5f) 

In the case of s <2n , the socially optimal rule suggests that the users stan
dardize on the superior technology if and only if this technology exhibits a 
positive basic value, i.e. a > 0 or b>0, respectively. Since total network 
benefits 2n exceed switching costs, the equilibria (NS, NS), (NS, OO) and 
(OO, NS) can never be efficient. The socially optimal areas for (a,b)GR^ and 
s <2n are given by: 

W^ = {(a,b):a>b Aa>0], (5.6a) 

^BB = {(«.*) :b>aAb>0}, (5.6b) 

WAB=W,=W,={}, (5.6C) 

W^ - {(a,b) :a<OAb<0]. (5.6d) 

Fig. 5.3 shows the socially optimal outcomes for s >2n, which are de
picted by: W^: d + e + f + g; W^^: j + k + l + m; W^^: h', W^: c\ 
Wgi p; W^: q , Equilibrium areas are given by: E^ : e + f ', E^^ : k + l; 
E^^: g + h + j , E^: c + d, E^\ m + p\ E^\ q, 
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Comparison of the socially optimal outcomes with the equilibria results in 
the dotted areas {d + g and j + m) which represent the region of ineffi
ciency. In this region, ex-post standardization on ^ or 5 (respectively) is so
cially optimal. In areas j and g, private incentives result in E^^ as Nash-
equilibrium. In regions d and m, the corresponding equilibria are E^ and 
Eg, respectively. Thus, private incentives for ex-post standardization are to 
weak compared with the social optimum. 

s-2n s-n 

Fig. 5.3: Socially optimal outcomes for s>2n 

5.3,3 First Period: Expected Payoffs Without Government 
Intervention 

In the first period, the stand-alone values of both technologies are unknown to 
the users. Following the backward-induction principle, consumers are as
sumed to anticipate the potential equilibria of the second period, i.e. they 
weigh the different payoffs with the corresponding probabilities of occurrence. 
In order to restrict the analysis to a unique equilibrium in r = 2, we assume 
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that s>n , For the sake of brevity, we will only derive the expected value for 
experimentation with technology^. The corresponding value for technology B 
can be computed analogously. 

The user who experiments with technology A (the "^-user") realizes the 
following expected value: 

J af{a,b)dadb+ \(b + n-s)f(a,b)dadb + 5 

(5.7a) 

^E,A=l^A+^ \nf{a,b)dadb 

+ 5 \a f{a, b) da db+ \{b + n- s) f{a, b) da db 

.^AA+^A+^AB 

(5.7b) 

The expected value for the first period equals \i^ . Since both consumers adopt 
different technologies in the first period, they forgo network benefits in t = l. 
The sum of integrals represents the ^-user's expected payoff for the second 
period. The discount factor is denoted by 8. The first integral in (5.7a) em
bodies the expected payoff if technology A becomes ex-post standard. The 
second integral represents the situation where technology A is adopted by the 
^-user only. Finally, the last integral denotes the expected payoff if the ^-user 
switches to technology B, 

Making use of equilibrium conditions (5.4a) - (5.4d), we get 

00 n-s+a 

^E,A =\^A+^ I I" /(«»*) db da 

+ 6 
00 s-n+a 00 n-s+b 

J \af(a,b)dbda+ J \(b + n-s)f(a,b)dadb 

(5.8) 

Regarding the second integral, the integration area E^ + ^^ + E^^ corre
sponds to the region below the line b = s-n + a and to the right of the ordi
nate, as it can be seen in Fig. 5.2. In the case of the last integral, the order of 
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integration is inverted, i.e. the integration over E^^ is laterally reversed to the 
integration over E^. 

In the case of a symmetric density function {\x = \i^=\Xg and 

^-^A -^B)'> ^^ have 

\n f{a, b)da db = \n f(a, b) da db. 

Then, both users realize the same expected value of experimentation irrespec
tive of the adopted technology: 

V^ =[i + 8 { \af(a,b)dbda 
0 -00 

00 n-s+b 

+ 8 \ Ub + 2n-s)f(a,b)dadb. 

(5.9) 

s-n -00 

5.3.4 First Period: Expected Payoffs in the Case of Government 
Intervention 

Suppose that the consumers expect a social planner to intervene in t = 2An 
this case, the users integrate over the regions of socially optimal outcomes, 
given by (5.5a) - (5.5d), instead of integrating over the equilibrium areas. For 
s >2n, the expected value of experimentation is equal to: 

00 2n-s+a 

Vw,A =\^A+^ \ \n f{a, b) db da 

(5.10) 
s~2n -00 

+ 5 
00 s-2n+a 00 2n-s+b 

J \af{a,b)dbda^- J \{b + n-s)f{a,b)da db 
0 -00 s-2n -00 

Using a symmetric density function, we get: 

00 s-2n-\-a 

VjY -\i-\-b \ \af{a,b)dbda 
0 -00 

00 2n-s+b 
(5.11) 

+ 6 J j(b + 2n-s)f{a,b)da db. 
s-2n -00 

file://-/i-/-b
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In the case of 5 < 2w, we make use of (5.6a) and (5.6b): 

00 a 

Vw,A = 1̂ ^ + 5 J J(a + n)f{a, b) db da 

° "" (5.12) 
00 b 

+ 5 J [{b + n - s) f{a,b)dadb. 
0 - 0 0 

It remains to be analyzed whether the intervention of a social planner in 
t = 2 increases the users' expected values in ^ = 1 or not, i.e. we will examine 
whether the ex-post intervention is socially optimal from the ex-ante perspec
tive. 

Propositioii 5.1: If the basic values are asymmetrically distributed, the sec

ond-period intervention of a social planner may reduce the expected value of 

a user in ^ = 1, i.e. V^ . >V^ .. However, total changes in the expected values 

are always positive, i.e. Vw A'^^W B ^^EA'^^EB-

Proof. Making use of Fig. 5.3, we can derive the difference F^^ - F^^ : 

^w,A - ^E,A = 5 J« /(a, b) da db 
d+g 

(5.13) 

\(b-hn- s)f(a,b)dadb + \(b-a + n- s)f(a,b)dadb + 5 

Once again, we distinguish between the "^-user" who experiments with tech
nology A and the "^-user" who adopts technology B in the first period. If inef
ficiency area d + g is given, the social planner forces the 5-user to switch to 
technology A. Thus, the first integral captures the ^-user's additional network 
benefit which results fi*om the enforced switching of the other user. 

In the case of inefficiency area m , the ^-user has to switch to B instead of 
choosing the outside option. His change in payoffs is then equal to 
b + n-s <0, which must be negative in region m. In areaj\ the A-USQT is 
forced to switch to B instead of sticking to A, Then, his change in payoffs 
equals b-a + n-s <0, which is always negative in region7. Hence, the last 
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two integrals embody the cost of the ^-user's enforced switching. In the end, 
the sign of F,^^ - V^^ can be positive or negative. 

Analogously, the impact of intervention on the expected value of technol
ogy B is equal to: 

^w,B - VE,B = S jw / ( a , b) da db 
m+j 

Ua + n- s)f(a,b)dadb + \(a-b + n- s)f(a,b)dadb + 5 

(5.14) 

We define: F^^ = F^^ + V^^ and F^̂  = F^^ + F^^ . Summing up 

K,A -VE,A and V^^-V^s yields: 

Vw,t-VE,t = 

\{a + 2n- s)f{a,b)dadb +\{a-b + 2n- s)f{a,b)dadb (5.15) 

+ 5 ^{b + 2n-s) f(a, b)dadb + ^ib-a + 2n-s) f{a, b) da db >0 

Since all integrals are positive (as it can be easily seen in Fig. 5.3), the total 
expression is positive as well. QED 

It remains to be shown that the intervention of the social planner in the sec
ond period may reduce the expected value of a user in t = \. Fig. 5.4 depicts 
this case. For p > 0.601379, F^^ -VE,A î  negative, i.e. the user who is ex
perimenting with the more risky technology A is worse off by the intervention 
m t = 2, But as shown in Proposition 5.1, total changes in the expected values 
are positive. 

Proposition 5.2: If the basic values are symmetrically distributed, the second-
period intervention of a social planner increases the expected values of both 
users in the first period, i.e. V^r >V^ . 
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Proof: Proposition 5.2 can be directly derived from Proposition 5.1: Using 

^w,t > ^E,t» ^E,t -^^E ^^d ^w,t = 2F^, we easily see that F^ > V^ holds 
in the symmetric case. QED 
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-VE^sy 

0.?̂ "̂ -̂ ^̂ ^ 0.8 

VW,A-VE} 

P 
1 

Fig. 5.4: Impact of the ex-post intervention on the expected values for parameters 
| i ^ = l , ILI3 = 2 , a ^ = 1 . 5 , a 3 = l , « = 0.4, 5 = r = l 

5.4 Ex-Ante Standardization 

In the case of ex-ante standardization, users have not built up vested interests 
in the first period (unlike in the experimentation subgame) and communication 
is sufficient to ensure consensus in the second period. Following the back
ward-induction principle, we will first analyze the second-period problem. 

5.4.1 Second Period: Equilibria in the Ex-Ante Standardization 
Subgame 

Assume that both users have adopted technology^ in the first period, i,e. only 
the true basic value of ^ is known. But on the basis of the observed value a, 
the users may derive the conditional expected value of technology B, which is 
denoted by £"(51 a j . If the observed value a exceeds E\B\a)-s and 
(2 4-« > 0 holds, both users stick to technology A in the second period and the 
corresponding equilibrium is given by 5^. On the other hand, both consumers 
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benefit from the collective switch to technology B if E[B\ a)-s is larger than 

the realized value a and E[B\a)-\-n-s > 0 holds. This event is denoted by 

SQ. In situations where both E[B\a)+n-s and a + n turn out to be nega

tive, users prefer the outside option. The corresponding equilibrium is denoted 

b y ^ 0 . 
Given the observed value a G i?, there are the following equilibria for 

t = 2: 

S^={a:a> E(B\a)-s A a + « > o}, (5.16a) 

S^={a:E(B\a)-s >a A E(B\a)+ n-s>o}, (5.16b) 

S^ ={a:a + « < 0 A£( j ? | a )+«-5<0} . (5.16c) 

Depending on the slope and location of E[B\a)-\-n-s, six cases must be 

distinguished (see Matrix 5.2). We define s as location parameter which 

shows (together with p ) whether E[B\ a)-\-n-s>Q at a = -n or not. 

E[B\(a = -n))+ n-s = \x^ -p—^{n + ii^)+n-s>0 , 

^ (5.17) 

Analogously, p > s implies that E[B\ a)+n-s <0 at a = -n. 

We define a^ as the point where the line E[B\a)-\-n-sintersects the line 

a + n: 

E[B\aQ)+n-s = a + n , 

P^BI^A-^A(^B-^) .AST AT ^A (5.18) 

=> a^^ ^^ -̂̂  -, not defined for p = —^. 
P^B-^A ^B 

Moreover, we define a^ as the point where the line E[B\a)-\-n-s inter

sects the abscissa: 

E(B\a,)+n-s = 0 , 

=> a^ ̂  ^ ^ ^^-^^-^ -, not defined for p = 0 . 
P^B 
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Matrix 5.2: Distinction of cases for the ex-ante standardization subgame in t = 2 

Slope of the line 

E{B\a)+n-s 

negative 

- l < p < 0 

positive / smaller than 1 

positive / larger than 1 

Location of the line E[B\ a)-\- n-s 

Positive value at a = 

p < 8 

Case 1 

Case 3 

Case 5 

-n Negative value at a = -n 

p > s 

Case 2 

Case 4 

Case 6 

Case 1: - 1 < p < 0 and p < 8 

Fig. 5.5 depicts the second-period equilibria for the situation where both users 
have adopted technology A before. The line E[B\a)+n-s has a negative 
slope and E[B\ a)+n-s>0 holds at a = -w. 

a + n 

Fig. 5.5: Second-period equilibria for case 1 



90 5 Standardization of Nascent Technologies 

There are the following equilibria in ^ = 2: 

S^ ={a:a>a,}, 

Ss ={a:a<a,}. 

(5.20a) 

(5.20b) 

Case 2: - 1 < p < 0 and p > c 

In the second case, the line E[B\a)+n-s has a negative slope and 
E[B\a)+ n-s <0 holds at a = - « . Fig. 5.6 depicts this case. 

E(B\a) + n-s 

S^ / a-\-n 

/ 

a QA 

Fig. 5.6: Second-period equilibria for case 2 

In t = 2, there are the following equilibria: 

5*̂  = {a:a>-n\, 

Sg ={a:a<aX 

S^ -{a:a^ <a< -n]. 

(5.21a) 

(5.21b) 

(5.21c) 

Case 3: 0 < p < a^ /a^ and p < 8 

Fig. 5.7 illustrates case 3. The line E\B\a)-\-n -s has a positive slope which 
is smaller than one. Moreover, £"(51(2)+ n-s>0 holds at a = - « . 
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There are the following equilibria in t = 2: 

S^ ={a:a>a,}, 

S^ ={a:a<a,}, 

91 

(5.22a) 

(5.22b) 

(5.22c) 

SB\ S^ /a + n 

Fig. 5.7: Second-period equilibria for case 3 

Case4: 0 < p < a ^ / a ^ and p > s 

In this case, the line E[B\a)+n-s has a positive slope which is smaller than 
one. Furthermore, E[B\a)+n-s < 0 holds at a = -n. Fig. 5.8 depicts this 
situation. 

In f = 2, we have the following equilibria: 

S^={a:a>-n}, (5.23a) 

S^ = {a:a<-n}, (5.23b) 
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a + n 

E(B\a)-\-n-s 

Fig. 5.8: Second-period equilibria for case 4 

Case 5: a^ /a^ < p < l and p < s 

Fig. 5.9 depicts case 5. The line E[B\a)+n-s has a positive slope which 
exceeds one. Furthermore, E[B\a)+ n-s >0 holds at a = -n. 

There are the following equilibria in / = 2: 

5'̂  ={a:a>aX 

S0={a:a<a,], 

(5.24a) 

(5.24b) 

E(B\a) + n-s 

S0 

«i 

1 

i 

i 

1 
i 

\/ 

/ 

k 

SB 

/ 

-n 

i 

/ 

/ 
/ 

/ 
/ 

0 

/ a + n 

w 

a 

Fig. 5.9: Second-period equilibria for case 5 
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Case6: a^ /a^ <p <1 and p > s 

The last case is depicted in Fig. 5.10. The E[B\a)-\-n-sAmQ has a positive 

slope which exceeds one. Moreover, E[B\ a)+n-s <0 holds at a = -n, 

/"a + n 

-n/ 

E{B\d)^-n-s 

Fig. 5.10: Second-period equilibria for case 6 

There are the following equilibria for ^ = 2: 

5'̂  ={a:-n<a<a^], 

Ss ={a:a>a,], 

S^ ={a:a< -n}, 

(5.25a) 

(5.25b) 

(5.25c) 

In the case of a symmetric density function, the slope of the line 

E[B\a)-hn-s can never exceed one. Thus, cases 5 and 6 will not apply. 

5.4.2 First Period: Expected Payoffs in the Case of Ex-Ante 
Standardization 

Suppose that the users collectively adopt technology A in the first period. At 

the time of adoption, the basic values of both technologies are still unknown. 

Following the backward-induction principle, the users anticipate the equilibria 

of the second period, i.e. they weigh the different events such as S^, S^ and 
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^0 with the corresponding probability of occurrence. The expected value of 
ex-ante standardization on B can be derived completely analogously. 

The expected value of standardization on technology A (in its most abstract 
form) is equal to: 

^s,A -\^A +W + 5 \(a + n)f(a,b)dbda 

. '' (5.26) 
+ 5 \(b + n-s)f(a,b)dbda, 

The expected stand-alone value for the first period is equal to |a^. Due to ex-
ante standardization, the users realize network benefits from the beginning. 
The expression in the square brackets represents the expected payoff for the 
second period. The first integral embodies the expected payoff if the users 
stick to technology A, The second integral stands for the case where the users 
collectively switch to technology B. Since the reservation utility is normalized 
to zero, the integration over S^ is omitted. 

Depending on the parameters of the normal distribution, we make use of the 
six cases. Substitution of conditions (5.20) - (5.25) yields: 

Case l : - l < p < 0 A p < 8 

^s,A=\^A-^^ + ^ I \{a + n)f{a,b)dbda 

+ 5 J j(b + n-s)fia,b)dbda. 

—00 —00 

Case 2: - 1 < p < 0 and p > 8 

00 00 

Vs,A ^y^A +n + 8 j j(a + n)f(a,b)dbda 
-n -00 

a^ 00 

+ 5 I j(b + n-s)f(a,b)dbda. 

(5.27a) 

(5.27b) 
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Case 3: 0 < p < a^ /a^ and p < s 

^s,A=^A+^-^^ I \{a + n)f{a,b)dbda 
QQ - 0 0 

QQ 00 

+ 5 J {(b + n-s) f{a,b)dbda . 

(5.27c) 

« ! - 0 0 

Case4: 0 < p < a ^ / a ^ and p > s 

00 00 

^s,A=l^A+n + ^ \ }(" + «)/(«>b)dbda. (5.27d) 
-n - 0 0 

Case 5: a^ /a^ < p < l and p < s 

00 00 

^s,A=l^A-^n + ^ I \ib + n-s)f{a,b)dbda. (5.27e) 
« ! - 0 0 

Case6: a^ /a^ < p < l and p > s 

QQ 00 

(5.27f) 
00 00 

+ 5 J \(b + n-s)f(a,b)dbda. 
UQ - 0 0 

5,5 Ex-Ante Standardization vs. Experimentation 

Suppose that the expected values |LÎ  and JLÎ  are positive so that it is never 
worthwhile to opt out in t = \. The payoffs for user 1 and 2 are depicted in 
Matrix 5.3. It is straightforward to see that the first-period game has the fol
lowing Nash-equilibria: 

(A, A)* '^fVE.B-ys.A<0' (5-28a) 



96 5 Standardization of Nascent Technologies 

(B, B)* irv,.-v,.<o, (5.28b) 

(A, B) * and (B, A) * if F^^ - V^g > 0 and V^^ - F^^ > 0. (5.28c) 

Note that experimentation always involves multiplicity. However, in the case 
of ex-ante standardization on ^ or 5, a unique equilibrium may exist. For in
stance, the equilibrium (A, A) * is unique if both V^-g -V^^ < 0 and 
f^£,.-^.,^>Ohold. 

For a symmetric density function, we have V^ = F^^ = V^g and 
V^ = Fj^ =J^sB' Thus, there is no clash of interests in the first period and 
communication is sufficient to ensure uniqueness. 

Matrix 5.3: Expected payoffs in ^ = 1 

Technology A 

Technology B 

Technology A 

\^S,A 9 ^S,A) 

V £,j5 9 '^E,A ) 

Technology B 

V £,yl 5 ^E,B) 

v'^5,5 9 ^^S^B) 

Suppose that a social planner may intervene in both periods. In ^ = 2, the 
social planner prevents the ex-post inefficiency in the experimentation sub-
game. As already shown in Proposition 5.1, this ex-post intervention (if an
ticipated by the users) increases the sum of expected values. But the interven
tion in t = 2 is not sufficient to ensure socially optimal outcomes, i.e. the 
social planner should also intervene in the first period in order to prevent inef
ficient ex-ante decisions. 

The socially optimal first-period outcomes are given by: 

{A, A) if 2F,,, > F^,, + V^, A F,,, > F,,,, (5.29a) 

(5, B) if 2F,,, > F^,, + F^,, A F , , > F,,,, (5.29b) 

{A,B) i f F ^ , , + F , „ > 2 F , , A F^ , ,+F^„>2F, , , . (5.29c) 
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5.5.1 Numerical Examples for a Symmetric Density Function 

In this section, we will analyze how parameters such as 5 , «, |LI , a and p 
affect the users' first-period decisions. 

Fig. 5.11: Ex-ante standardization vs. experimentation for parameters 
jLi = a = 0.9, ^ = 0.3, « = 0.1, 5 = 1 

Fig. 5.11 compares the expected values of experimentation and ex-ante 
standardization.^^ Both values decline with increasing correlation. If the values 
are strongly correlated, ex-ante standardization is superior to experimentation. 
An intuitive explanation for this result is due to different information effects 
of both strategies. In the case of ex-ante standardization, the switching deci
sion in ^ = 2 is based on limited information because the users know the true 
value of the joint technology only. But if the values are strongly correlated, the 
consumers may use the observed value in order to learn something about the 
other value, i.e. they revise the expected ex-ante value of the other technology 
according to the Bayesian rule. Thus, experimentation only has a slight infor
mation advantage over ex-ante standardization in the case of strong correla
tion. However, in the case of uncorrected technologies, p = 0, the line 
£•(51 aj+ n-s is parallel to the abscissa, i.e. the expected value for B is con-

^̂  The computation of V^ is based upon the following cases: Case 1 for -1 < p < 0, 
case 3 for 0 < p < 0.7 and case 4 for 0.7 < p < 1. 



98 5 Standardization of Nascent Technologies 

stent irrespective of the reaHzed value of ^. Note that for 0.7 < p < 1, case 4 
applies. Then, switching is not worthwhile because the users expect the values 
of both technologies to be very similar. Thus, correlation has no impact on the 
expected value of ex-ante standardization, i.e. V^ remains constant. 

Fig. 5.12 depicts the impact of increased network effects on (F^ -V^)-^^ If 
n rises, the comparative advantage of experimentation is reduced. The reason 
is that n has a stronger impact on V^ because in the case of ex-ante standardi
zation, the users already realize network benefits in the first period. 

Fig. 5.12: Impact of network effects on (V^-V^) for parameters ii = a = 0.9. 
5 = 0.3, 5 = 1 

Fig. 5.13 illustrates the impact of increased switching costs on 
(F^ - Fy) .With increasing switching costs the comparative advantage of ex
perimentation is reduced. An intuitive explanation is that the switching option 
is more useful to the consumers in the case of experimentation because 
switching is based on complete information. If switching becomes more ex
pensive, this must have a stronger negative impact on F^ than on F^ .̂ ^ 

The computation of F̂  {n = 0A5) involves the following cases: Case 1 for 
-1 < p < 0, case 3 for 0 < p < 5 / 7 and case 4 for 5 / 7 < p < 1. 

^̂  The computation of F̂  (^ = 0.4) involves the following cases: Case 1 for 
-1 < p < 0, case 3 for 0 < p < 0.6 and case 4 for 0.6 < p < 1. 
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VE-VS 

Fig. 5.13: Impact of switching costs on (V^ -^s) ^^ parameters iLi = a = 0.9, 

A2 = 0.1, 5 = 1 

VE-VS 

Fig. 5.14: Impact of standard deviation on (F^-F5)for parameters ILI = 0 . 9 , 

5 = 0.3, /7 = 0.1, 5 = 1 

The impact of standard deviation on (V^ -^s) is depicted in Fig. 5.14. If 

a is lowered, the comparative advantage of experimentation is reduced as 

well. An intuitive explanation for this result is that larger deviation makes both 
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the switching option and the outside option more important. Both options are 
more useful in the case of experimentation due to complete information. Note 
that the difference between the (V^ -Vs) curves is maximal in the case of 
low positive correlation.̂ ^ 

Fig. 5.15 illustrates the impact of reduced mean values on (V^ -^s)- ^^^ 
negative and low positive correlation, the comparative advantage of experi
mentation becomes stronger. The maximum of the (V^ -^s) curve shifts to 
the left, i.e. experimentation becomes more attractive for lower values of p. 

Fig. 5.15: Impact of mean values on (F^-F^) for parameters a = 0.9, 
5 = 0.3,^ = 0.1 and 5 = 1 

5.5,2 Numerical Example for an Asymmetric Density Function 

So far, we have assumed that both technologies are equally attractive ex ante. 
In this section, we make the assumption that technology B has a larger stan
dard deviation but a lower mean value than A, i.e. B is more risky. Due to the 
low mean value, users could be reluctant to experiment with A even though 

^̂  The computation of V^ (a = 0.75) involves the following cases: Case 1 for 
-1 < p < 0, case 3 for 0 < p < 0.7 and case 4 for 0.7 < p < 1. 

^̂  The computation of F^ (ILI = 0.15) involves the following cases: Case 1 for 
-1 < p < -0.2, case 2 for -0.2 < p < 0 and case 4 for 0 < p < 1. 
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experimentation might be worthwhile collectively. The computation of so
cially optimal results is based on the assumption that the social planner may 
intervene both in the ex-post and ex-ante standardization process. Suppose that 
users anticipate the social planner's intervention in the ex-post standardization 
process, i.e. the expected values of experimentation are given by V^. instead 
o f F . . . 

Fig. 5.16: Equilibria and welfare regions for parameters fi^=1.05, | I B = 1 , 

a^ =0.8, a^ =1, 5 = 0.2, « = 0.1, 5 = 1 

Fig. 5.16 depicts the equilibrium regions for a numerical example assuming 
that technology B has a larger standard deviation but a lower mean value than 
A, ^^ Given that users anticipate the social planner's intervention in the second 
period, first-period equilibria are as follows: 

• In regions c and k, both {A, A) * and (5, B) * exist because 

Vw,A - Vs,B < 0 and V^^^ - V,^^ < 0 are given. 

The computation of V^ ^ involves the following cases: Case 1 for -1 < p < 0 , case 

3for 0<p<72/115,Case4for 72/115<p<4/5 and case 6 for 4 / 5 < p < l . 

For VgQ there are two cases: Case 1 for -1 < p < 0 and case 3 for 0 < p < 1. 
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• In regions d + e-^ f and A + 7, the equilibrium {A^ A) * is unique be

cause F^^ -VsB ^ ^ ^^d Vjyg-V^^ < 0 hold. 

• In region g, V^^^ - V^^ > 0 and Vj^^ - F^^ > 0 are given so that 

(A, B)* and (5, ^ ) * exist. 

Making use of (5.29), we can derive the socially optimal outcomes in the 
ex-ante standardization process: 

• In regions c + d and j + k, ex-ante standardization on A, i.e. (A, A) *, 

is socially optimal because 2 F̂  ^ >^w A'^^W B ^^^ ^SA^ ^S,B hold. 

• In area e-\- f + g + h, experimentation is socially desirable due to 

2 Vs,A < Vw,A + V^, and 2 V,, < V^, + V^^,. 

Comparing the Nash-equilibria with the socially optimal results, we can 
identify two sources of inefficiency: Firstly, a coordination failure may occur, 
i.e. consumers standardize on the wrong technology ex ante. In regions c and 
k, (5, E) * constitutes an equilibrium even though ex-ante standardization 
on A would make both consumers better off. Note that 
^s,A ^ ^s,B ^ ^w,A ^^w B applies in this situation, i.e. both users would bene

fit from switching collectively to A but each consumer would be worse off by 
switching, given that the other user sticks to technology B, Since the consum
ers have no vested interests in this situation, communication could exclude 
this inefficient result. 

The second source of inefficiency is excessive ex-ante standardization on^. 
In regions e + f and h, experimentation is socially optimal but due to the 
low mean of technology B, the single consumer is reluctant to experiment with 
B. Note that the 5-user generates a positive information externality for the 
consumer of A, but this effect is ignored in the private decision problem. A 
peculiarity occurs in region/ There is not only excessive ex-ante standardiza
tion compared with experimentation but also ex-ante standardization on the 
inferior technology^ because V^^ >VSA holds in this case. 
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5.6 Conclusions 

Some economists hold that early standardization is likely to give the privately 
and socially best results (Farrell and Saloner, 1988, p. 239). However, we have 
shown that quality may suffer for speed's sake. Abstaining from early (ex-
ante) standardization, users may experiment with diverse technologies to learn 
about the true values. As a consequence, the ex-post standardization process is 
based on better information. On the other hand, experimentation involves a 
transient or even persistent loss of compatibility. 

The numerical analysis of this tradeoff is based on the assumption that the 
values of both technologies are drawn from a bivariate normal distribution. 
This type of probability distribution has enabled us to study the impact of 
correlation, as well as the impact of different standard deviations and mean 
values on the standardization process. We have shown that the users prefer ex-
ante standardization to experimentation if they expect the values of both tech
nologies to be strongly correlated. This result can be traced back to the fact 
that the consumers may use the observed value of the joint technology to learn 
something about the other value. Then, the information advantage of experi
mentation is easily outweighed by the compatibility advantage of ex-ante 
standardization. 

The welfare analysis has shown that optimal decisions should be based on 
the information available at the time of decision-making rather than on ex-post 
judgements. Consequently, the model distinguishes between the optimal deci
sion ex-ante and the optimal decision ex-post. We have shown that there is too 
little ex-post standardization in the experimentation subgame due to the fact 
that consumers have built up vested interests in the first period. The interven
tion of a social planner in the second period can reduce the expected payoff of 
a user in the first period, but it always increases the sum of expected payoffs, 
as shown in Proposition 5.1. If technologies are not equally attractive ex ante 
(i.e. there is an asymmetric probability distribution), the technology-adoption 
process of the first period may be inefficient as well. There can be too much 
ex-ante standardization compared with the social optimum or, alternatively, 
the consumers may adopt the inferior technology as standard. 



Summary of Findings 

Three essays on various aspects of standardization and expectations have been 
presented. The first essay has given economic reasons why university exami
nations should be standardized. In a first step, we have derived the result that 
signaling may serve as a job-matching device, thereby allocating heterogene
ous employees to the adequate firm type. In contrast to the basic signaling 
model by Spence (1973), our job-matching framework has shown that signal
ing may increase total output. However, the approach has suggested that the 
more productive employees (type B) have too strong incentives for signaling. 
This inefficiency can be traced back to the fact that type B employees not only 
take into account the positive job-matching effect of signaling, they also inter
nalize the welfare-neutral distributive effect of signaling. By means of signal
ing, they distinguish themselves from the less productive type A so that they 
avoid "subsidizing" type A, as it would be the case with a uniform wage equal 
to the average productivity of all employees. The equilibrium analysis has 
shown that relatively low signaling costs result in a unique signaling-
separating equilibrium (SSE). However, relatively high signaling costs involve 
multiple equilibria, i.e. the SSE, the non-signaling pooling equilibrium 
(NSPE), and an equilibrium in mixed strategies exist. Since the NSPE would 
make all type B employees better off, the SSE can be interpreted as a coordi
nation failure in this situation. For a modified approach with a small number 
of employees (two type A and two type B employees), we have found that 
signaling becomes less important as distributive device because type B em
ployees can "signal" their higher productivity by means of their impact on 
total output. 
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Building on the job-matching approach, the second part of the first essay 
has dealt with standardization of examination requirements. We have referred 
to the first main question of how standards may affect employers' and em
ployees' expectations. In our framework, standardization is considered as a 
means of reducing variation in examination requirements among universities, 
for example by means of central examinations or accreditation. The numerical 
analysis has shown that a unique Bayesian equilibrium exists for different 
levels of deviations in requirements. As demonstrated in the welfare analysis, 
standardization of requirements improves the job-matching function of educa
tion, thereby increasing the expected total output. However, there exists a 
tradeoff between the job-matching function and total signaling costs. We have 
found that full standardization of requirements is desirable for low signaling 
costs. If signaling costs are relatively high, society is better off with maximal 
deviation in requirements. 

The second essay has studied the competition between two firms when their 
incompatible technologies exhibit network effects. The essay has distin
guished two different regimes of standardization. Intra-technology competi
tion involves that firms compete within a joint network {i.e. standard), 
whereas inter-technology competition refers to de-facto standardization by 
means of deterred or blockaded entry of the rival technology. The essay has 
put the emphasis on the question of whether an incumbent firm has an incen
tive to keep its technology for itself, which would result in inter-technology 
competition, or to share its technology with the rival firm. The second option 
of sponsoring intra-technology competition, enables the incumbent firm to 
commit credibly to a future network size which exceeds the profit-maximizing 
monopoly quantity. This credible commitment increases consumers' willing
ness to pay for the network good. 

The first part of the second essay has dealt with inter-technology competi
tion. The analysis has suggested that the fulfilled expectations equilibria hinge 
on the relative marginal costs of both technologies. In the case of strong cost 
differences, the weaker firm's entry is blockaded. For weak cost differences, 
both firms coexist in an incompatible and heterogeneous duopoly. If the in
cumbent firm has a moderate cost advantage, it may deter the rival technol
ogy's entry. The central argument of the essay is that the deterrence quantity 
not only prevents the rival's entry, it also serves as commitment to a larger 
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network (compared to the monopoly case with blockaded entry), thereby in
creasing consumers' willingness to pay for the network good. We have found 
that the deterrence profit may exhibit perverse cost effects, i.e. it may rise with 
decreasing marginal costs of the rival. This is due to the fact that the incum
bent firm has to supply a larger deterrence quantity with increasing strength of 
its competitor so that it can credibly commit to a larger network and thus spur
ring consumers' willingness to pay for the network good. 

The second part of the essay has been devoted to the incumbent's choice of 
whether to share its technology with the rival or to insist on inter-technology 
competition. We have shown that the deterrence strategy can be more profit
able for the incumbent if the incumbent's cost advantage is moderate. Since 
the incumbent does not completely internalize positive externalities of spon
soring intra-technology competition, which exist in terms of the follower 
profit and in an increased consumers' surplus, entry deterrence is welfare-
inferior. 

The third essay has dealt with standardization of nascent technologies. In a 
two-period framework with two competing network technologies and two 
consumers, we have shown that there exists a tradeoff between early (ex-ante) 
standardization and experimentation. Experimentation enables users to learn 
about the stand-alone values of both technologies after using them ("learning 
by using"). As a consequence the ex-post standardization process is based on 
better information. While experimentation improves consumers' information, 
it involves a loss of compatibility in the first period, which may persist in the 
second period due to vested interests. By means of early (ex-
ante) standardization, consumers enjoy network benefits from the beginning, 
but they forgo information about the alternative technology. Thus, a major 
conclusion is that early standardization does not necessarily give privately and 
socially best results, i.e. the adoption's quality may suffer for speed's sake. 

The third essay has also been devoted to the problem of how consumers' 
expectations affect the evolution of standards. In order to get traceable results, 
we have assumed that the technologies' values are drawn from a bivariate 
normal distribution. As shown in the numerical analysis, consumers prefer ex-
ante standardization to experimentation if they expect the values of both tech
nologies to be strongly correlated. This result is due to the fact that consumers 
use the observed value of the joint technology to learn something about the 
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other value, i.e. they revise the expected ex-ante value of the alternative tech
nology according to the Bayesian rule. 

Our welfare analysis has distinguished between optimal ex-ante and ex-post 
decisions. We have demonstrated that there is too little ex-post standardization 
in the experimentation subgame due to vested interests among consumers. 
Moreover, we have shown that the first-period adoption decision can be inef
ficient if technologies are not equally attractive ex-ante. There can be too 
much ex-ante standardization compared with the social optimum, or consum
ers may adopt the inefficient technology as ex-ante standard. 
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Appendix to Chapter 3 

Table A 1.1: Approximated equilibrium values for case 1 

* d ;'(5|^)* P{S\B)* P(S)* X* v|/* y^ 

0.5 0.25 0.75 0.5 0.75 0.25 0.75 

0.6 0.231183 0.607528 0.419355 0.724359 0.337963 0.677420 

0.7 0.229074 0.524647 0.376860 0.696076 0.381418 0.620703 

0.8 0.236509 0.477514 0.357012 0.668766 0.406295 0.578414 

0.9 0.248570 0.451321 0.349946 0.644844 0.422025 0.547427 

1 0.262621 0.437701 0.350161 0.625 0.432645 0.525241 
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Table A 1.2: Approximated equilibrium values for case 2 

d 

0 

0.1 

0.2 

0.2996 

P(S\A)* 

0 

0.048462 

0.092931 

0.132450 

P(S\B)* 

1 

1 

1 

1 

P(S)* 

0.5 

0.524231 

0.546465 

0.566225 

X* 

1 

0.953778 

0.914971 

0.883041 

V)/ * 

0 

0 

0 

0 

yA* 

1 

0.909692 

0.837172 

0.779762 

0.3 0.132844 0.999184 0.566014 0.882650 0.000940 0.779706 

0.4 0.206346 0.843911 0.525129 0.803528 0.164349 0.765077 

0.5 0.25 0.75 0.5 0.75 0.25 0.75 
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Table A 1.3: Welfare implications of standardization 

d 

0 

0.1 

0.2 

0.2996 

0.3 

0.4 

0.5 

0.6 

0.7 

0.8 

0.9 

1 

Cid) 

0.3 

0.32193 

0.33804 

0.34901 

0.34882 

0.30779 

0.275 

0.20161 

0.15775 

0.12940 

0.10877 

0.09196 

X(d) 

1.5 

1.47689 

1.45749 

1.44152 

1.44133 

1.40176 

1.375 

1.33102 

1.30929 

1.29685 

1.28899 

1.28368 

W(d) 

1.2 

1.15496 

1.11945 

1.09251 

1.09250 

1.09398 

1.1 

1.12941 

1.15154 

1.16745 

1.18022 

1.19172 
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Appendix to Chapter 4: 
Proof of Proposition 8 

First, we will demonstrate that CS"^ (, * > CS'^ D*(^B2) holds: 

=> 9 ( y ' + 2 « - 4 ) ' > 4 ( 3 « - 4 ) ' . 

Let us define G as the difference between both sides of this inequation: 

G = 9(y^ +2n-4y -4(3n-4f >0 and 

^ = 36y ' -48<0 , 
dn 

i.e. G becomes smaller with increasing network strength. Let n denote the 
maximum level of« which makes G equal to zero: 

_ . . ^ 2 0 - 3 Y ' 
G > 0 for n<n = —, 

12 
which always holds because of 0 < « < 1 and 0 < y < 1. 

Analogously, we can show that 

< 0 and G > 0 for y < y = , 
9y 3 

which always holds due to 0 < y < 1. 
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The slope of C-Ŝ  D * (^5) is always negative: 

Since C/S'^^*(c^) is a continuous function with a negative slope, 
C5'^^*(c5) and CS^^f^"*" do not intersect within the interval 
c^ 2 < ^^ < <̂5,3 • Thus, C^S^^* > CAS^^ * is fulfilled throughout the deter
rence region. 

It can be shown in an analogous way that the invitation strategy is welfare-
increasing compared to entry-deterrence behavior: 

^•^ ^-^ ^ ^'^' 2{3n-Af {f+2n-Af 

=> 3 ( 5 - 3 n ) ( y ' + 2 « - 4 ) ' > 4 ( 3 - n - y ' ) ( 3 n - 4 ) ' . 

Let us define F as the difference between both sides of this inequation: 

F = 3(5-3«)(Y' + 2 n - 4 ) ' - 4 ( 3 - « - Y ' ) ( 3 « - 4 ) ' > 0 , 

= 3 6 y ' - 9 y ' - 3 2 < 0 . 
dn 

The upper bound of the network parameter which makes F equal to zero 
corresponds to: 

F > 0 for n<n = -r-, 
8 - 3 y ' 

which always holds because of 0 < « < 1 and 0 < y < 1. 

Analogously, we can show that 

^ ^ n ^ 17 n /• ~ 2V3 < 0 and F >0 for y < y = , 
9y 3 

which always holds due to 0 < y < 1. 
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The slope of W^ /) * (̂ ^ ) is negative for 11^ ̂  * > 0, as it can be easily seen 
by solving (4.19) for c^: 

dWl^\ Y ( c x . - c J - ( l - « ) ( « . - C - . ) 
dCg f 

< 0 . 

Since W^j^ *{Cg) is a continuous function with a negative slope, W^jy *icg) 

and W^f;. * do not intersect in the interval Cg^<Cg < Cg^. Thus, 
^A,c *^^AD* holds throughout the deterrence region. QED 
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