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This paper describes the principles that underlie the use of 
compatibility standards as a tool of competitive strategy. These 
principles are derived from the paradigm of economics, and the 
paper focuses in turn on the demand for compatibility and 
standards, the alternative ways by which rents can be earned 
supplying standards, the obstacles to cooperative standards, the 
industry structural and behavioral consequences of a common 
industry-wide standard, and public policy tools relevant to the 
competitive use of standards. 
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When should a company strive for standardization of product 
features and technologies and when should it try to avoid 
standardization? How can standardization best be achieved or 
avoided in an industry comprising competitors with divergent 
interests? How can a firm capitalize on the potential its products 
or technologies have to become industry standards? 

These are criticaliy important questions that in the past were 
often left to technical people with insufficient regard for their 
strategic importance. Now the strategic importance of standards is 
rapidly gaining recognition, due in good measure to their 
significance in industries like computers, consumer electronics, 
and telecommunications. Yet with this growing recognition of 
importance has corne an awareness that the questions are very bard 
to answer. The principles that are required to structure one's 
thinking are rarely understood, the policy choices and parameters 
are frequently unclear, and even worse, the terme themselves are 
often erroneously defined. 

Fortunately, scholars are beginning to publish research in a 
variety of forms which give some structure to this inherently 
complex subiect. Abstract theoretical models, business school 
cases, econometric studies, and analyses of the pathology of legai 
cases are all available now. Yet this work is not generaily 
accessible to those who are responsible for making the decisions 
that have drawn scholars' attention. 

This paper is a draft. Please do not reproduce or quote without 
the written permission of the author. Comments are welcome. 
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This is a paper on product standards and their relation to 
competitive strategy. Although the terra "standards" can be applied 
to many diverse product characteristics, this paper is concerned 
strictly with product compatibility standards - the kind of 
standards that allow different products to function together. It 
will not be concerned with quality standards (product safety 
standards, for example), informational and variety-reducing 
standards (women's dress sizing, for example), or weights and 
measures.1  

The intent of the paper is to lay out a systematic way of 
structuring one's thinking about standards and compatibility and 
to present a taxonomy of the causes and consequences of 
standardization. The paper will also make a modest attempt to 
describe alternative strategies for competing on the basis of 
standards. This attempt will necessarily be incomplete given the 
inherent complexity of the topic, but it should nevertheless be 
suggestive enough to be useful. The analysis will be built around 
a number of illustrative examples that are sufficiently different 
to cover many of the variables that are relevant to the 
competitive determination and implications of standards. 

The paper will first define the terras and concepts necessary for 
the subsequent analysis of the fundamental principles. Then it 
will examine the demand and supply ride aspects of compatibility 
and standards and the consequences of industry-wide standardiza-
tion. It is appropriate that terras like "demand" and "supply" 
suggests that there is a market for standards because market 
economics is the paradigm that will be employed throughout the 
analysis. The paper will conclude with a section on public policy 
motives and methods and their implications for business strategy. 

1. Definitions and Concepts 

Analysis of something as complex as standardization must proceed 
from precise terminology. Yet in the past the terras and concepts 
were commonly left undefined, and thus they were often confused. 
The objective of this section is to present sufficiently precise 
definitions that careful analysis is at least possible. 

1.1. Compatibility and Networks 

In a sense, ail products that are complements in production or 
consumption can be called compatible. The focus of this paper, 
however, is on those cases in which this complementarity must be 
consciously produced. Thus, the example of tea and lemon is not 
relevant while that of a camera and film is. Although a camera and 
film is a good example of what will be discussed here, this 
concept of compatibility goes beyond physical product systems. It 
can also exist between physical and human capital. A typist's 
skill can be compatible with a typewriter keyboard, a computer 
programmer's knowledge with a computer language, and a pilotis 
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expertise with the layout of an aircraft's cockpit controls. 
Stocks of compatible capital like these exemples are said to 
belong to the same network. 

Compatibility provides utility to consumers who thus have a demand 
for it. Like the demand for any other gond, the demand for 
compatibility is a function of its price. The more expensive the 
achievement of compatibility, the less consumers will demand of it 
- i.e. the less they will be willing to purchase. (This suggests 
that market surveys that ask consumers about their "demand" for 
compatibility without quoting prices will not elicit economically 
useful information.) 

1.2. Standardisation and Conversion Technologies: Alternative Weyl' 
of Producing Compatibility 

Compatibility is not synonymous with standardization. Compati-
bility is a relational attribute of products. Standardization is a 
way of producing compatibility by designing products in conform-
ance with a common technical specification (the standard). 
Standardization entails the direct costs of setting the standard, 
communicating it to multiple usera, extending and upgrading it, 
and monitoring products' conformance to it. It also includes any 
extra production costs and any degradation of functionality that 
it necessitates.2  

Standardization is invariably observed wherever there is compati-
bility. But standardization is not the only way of producing 
compatibility. If there are several different incompatible 
standards in existence, it may be possible to link their networks 
by a conversion technology which will increase the amount of 
compatibility over what standardization provides. 

One common conversion technology is the production of 
multi-standard products. Three speed (33/45/78 RPM) phonograph 
turntables, PAL/SECAM/NTSC multi-standard television receivers, 
and dual (8 and 16 bit) chip microcomputers are exemples. Whether 
multi-standard conversion is economical depends on the products 
and technologies in question. Only recently, for example, has it 
become feasible to produce a typewriter with a keyboard that can 
be switched easily between QWERTY and Dvorak standards. 

Adapters represent another common conversion technology. In the 
computer industry, special software can often translate between 
different standards. These standards adapters are frequently 
produced for the open market by independent software vendons or 
value-added resellers. A plug adapter that allows electrical 
appliances to be used in different countries is another example. 
In contrast to multi-standard equipment, compatibility is not a 
tied product feature but can be purchased separately. Adapter: are 
a common method of prodill1Tb2 compH 	'T i,y when there are many 
standards that a random consumer may want to integrate, when a new 



standard would otherwise make existing capital obsolete, and when 
producers' strategies to keep their standards' networks 
incompatible creRte a market for an adapter that the producers 
cannot suppress. 

The technical and economic feasibility of a conversion technology 
can be critical to the competition between different standards. 
For example, new high definition television (HDTV) standards will 
soon revolutionize the TV industry. The Japanese proposai requires 
the world-wide replacement of all hardware from the recording 
studio te the household. The European counterproposal can be 
rendered compatible with much of the existing equipment by a low 
cost plug-in adapter. Since the Japanese standard is superior in 
some technical respects, the choice between the two standards is 
net obvious. It is obvious, however, that the debate over the 
standard is profoundly influenced by the existence of a conversion 
technology.4  

The example of naturel languages - French, English, etc. -
illustrates ail these concepts. Individuels have a demand to 
communicate - a demand for compatibility of spoken and written 
symbols. Different linguistic standards exist, each providing 
compatibility within its own networks of users. Greater 
compatibility can be achieved by a broader standard - by one 
language displacing another or by a new language like Esperanto. 
Alternatively, individuels can learn several languages (analogous 
to a multistandard conversion technology). A third possibility is 
use of a professional translater (an adapter). Clearly, each 
alternative way of producing compatibility is costly although the 
nature of the cost is quite different. 

The example of languages illustrates two other points that are 
crucial to understanding standards and compatibility and that will 
be emphasized in this paper. The first is that history is 
important. One rarely starts "In the beginning" but usually after 
the Biblical story of the Tower of Babel. Installed bases of 
capital compatible with existing standards are usually present and 
are important te competitive strategy. It is vastly much harder to 
displace a standard than it is to create a new one to fill a 
vaccuum. The second point, related to the first, is that universel 
standardization is rarely optimal. Net  only might it be 
extraordinarily costly te achieve, but the different standards may 
be sufficiently differentiated that they serve different market 
segments' needs. (Ask a Frenchman if his language is net superior 
in some ways to any other!) As a consequence, it is often optimal 
to use conversion technologies, and various ways of producing 
compatibility will usually coexist in equilibrium. Te carry the 
argument one step further, universal compatibility may net be 
optimal either. Incompatibility will be efficient if its cost is 
less at the margin than the cost of achieving compatibility. 
(Taking pot luck with an incomprehensible restaurant menu may be 
preferred to learning French.) 
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The existence of these different ways of producing compatibility 
is significant for competitive strategy. Secause they are 
alternative ways of satisfying consumers' primary demand for 
compatibility, they should be thought of as competitors in a 
market. The firme that custom-produce compatibility between 
incompatible computers (the small firme in the computer networking 
business, for example) should see industry efforts to standardize 
as a competitive threat. The firm that is jutent on locking 
customers into a proprietary standard may face competition from 
the producer of an adapter that would aliow those customers to 
escape. In this case, the cost of conversion between standards can 
be thought of as a barrier to the entry of new competition. 

Furthermore, not only are the different ways of producing 
compatibility competitors, but each has unique economic 
characteristics both in terme of its productir■n and in terme of 
the utility it affords consumers. To anticipate the analysis that 
will follow, some produce compatibility for collective consumption 
while others do not. Some restrict the variety of product 
offerings on the market more than others. Some require customers 
to scrap existing capital and others do not. Some integrate 
networks on the demand side but not on the supply side while 
others do the reverse. These are some of the reasons why the 
market for compatibility can usually be segmented - a topic that 
will be discussed below. 

A final significance of the different ways of producing 
compatibility is that they are commonly employed by different 
types of firme. Large integrated system producers may make 
strategic decisions on standardization or non-standardization. But 
to produce a single conversion package that allows members of one 
network te join another may not require the size, broad product 
line, manufacturing expertise, control of distribution channels, 
or any of the other competitive advantages that the major 
integrated systems producers may possess. That is, entry barriers 
may be very low in the market for standards conversion making it 
possible for small firme to thwart the competitive strategies of 
large systems producers. 

1.3. Dimensions and Degrees of Compatibility 

If compatibility were both one-dimensional and dichotomous (i.e., 
if products were simply compatible or incompatible), the analytics 
would be relatively simple. Unfortunately, it is neither. 
Compatibility existe in different "dimensions" and "degrees". 

We will distinguish two dimensions of compatibility. The first is 
multivendor compatibility. This implies compatibility between 
different producers' models of a product. IBM-compatible 
microcomputers, Thompson and Matsushita VHS-format VCRs, and 
Cannon and Nikon cameras are examples. Each is compatible with the 
same complementary products. Direct communications compatibility 



-6- 

between different vendors' equipment (telecommunications 
equipment, for example) is included here as well.5 

The second dimension of compatibility is multivintage 
compatibility. This implies that successive generations of a 
product are compatible with a common set of complements. As an 
example, successively improved vintages of typewriters are 
compatible with a typist's skill if the keyboard layout is 
unchanged. 

The significance of this categorization of the dimensions of 
compatibility is that they have different costs and benefits 
associated with their achievement by standardization or any other 
method. In particular, conversion from a single vendor's standard 
to a different multivendor standard will require the costly 
adaptation or scrapping of products complementary with the former. 
That is, multivendor compatibility may cost multivintage 
compatibility on the occasion of a conversion. And each may mean 
some degraded functionality relative to what would be optimal for 
a stand-alone product. 

Not only is compatibility a multidimensional product attribute, 
but it may exist in different degrees of functionality - or at 
different quality levels - along either dimension. In computers, 
these degrees follow a hierarchy from file transfer to plug 
compatibility. In the various telecommunications standards, there 
are also degrees (called "layers") of increasingly complete and 
complet: standards. Multivendor and multivintage compatibility may 
occur to any one of these degrees. Returning to the example of 
natural languages, clearly the quality of compatibility is 
infinitely variable. 

Again, the significance cf these distinctions is that the 
different degrees of compatibility are accompanied by very 
different costs and benefits. Generally, low degree or quality 
yields low utility at a low cost. High degree or quality 
compatibility is likely to be expensive bath because of the design 
requirements and because tradeoffs are inevitable between 
compatibility, functionality, and flexibility. In any specific 
situation, determining the optimal degree of compatibility will 
involve comparison of marginal costs and benefits. 

1.4. Compatibility, Standardization, and Network Economies 

Compatibility affords what have been termed "network economies" in 
the literature. These are economies that are proportional to the 
consumer demand for the network's products. The source of these 
network economies is generally well known.6 They derive from 
economies of scale in production, distribution, and service and 
the spreading of fixed research and development costs over a 
larger sales volume. Network economies will lower costs, and by 
increasing the return on investment in complementary products, 
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they may increase the variety of complements on the market. 
Another form of network economy is direct communication or the 
sharing of complements between network members as occurs in the 
computer and telecommunications industries. Finally, there are 
economies that will corne from industrial restructuring which will 
be described in Section 4.1. 

In many respects, network economies are analytically similar te 
economies of experience. Both are functions of cumulative output. 
But there are some important differences. Network economies are 
net necessarily firm-specific since many firms may produce 
products for the same network and share common network economies. 
And in the case of economies of experience, price and consumer 
purchasing behavior are influenced only by actual cumulative 
output. In the case of network economies, expectations of future  
network size may be equally or more important. This implies that 
strategy will be concerned with shaping these expectations. 

Clearly, it is difficult to generalize about the character and 
extent of network economies, and there is little specific 
empirical estimation of them. The voluminous testimony in the 
recent U.S. antitrust case against IBM did net include any 
estimate for the computer industry.7 But one can get some sense of 

the magnitude that network economies can have from Philips' 1984 
estimate that it could save $175 million annually if television 
standards were uniform in the European Community. 

Although it is difficult te estimate specific network economies, 
one can be sure that any increase in economies of scale, research 
and developrnent, or any other fixed costs associated with a 
technological vintage will raise the network economies. By 
contrast, network economies are diminished to the extent that it 
is inexpensive to couvert complements for one network te another 
network. For example, inexpensive means of transcribing a film 
from a VHS to a Betamax video cassette imply low network economies 
in the VCR industry, ceteris paribus. By contrast, the very high 
cost of transcribing major software applications programs from one 
computer mainframe operating system te another tends to cause 
large network economies in that industry. 

Network economies and the extent to which they change with network 
size are important because they determine whether a network is a 
natural monopoly. If network economies are large and decline 
slowly with increased network size up to the size of the total 
market, then it will be efficient to have only one network. If two 
or more incompatible networks are competing in an unsegmented 
market, then there will be strong pressure favoring the relatively 
larger te the point where it will displace the smaller. This 
positive feedback will result in increased concentration and 
ultimately monopoly (of the standard) in a fashion similar to that 
with production economies of scale or economies of experience. On 
the other band, if network economies reach effective limits short 
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of the size of the entire market, inter-standards compétition is 
feasible with little loss of efficiency. 

Most of the economic benefits of an incremental increase in 
network size do not accrue to the incremental network member but 
are shared by ail other members of the network. For example, an 
individual who installs a telephone will receive some of the 
benefit - he or she can communicate with others on the network. 
But there are further benefits that accrue to the other network 
members who paid nothing. They can now communicate in return. 
Since the decision to join the telephone network is based on 
personal rather than collective costs and benefits, there is an 
inadequate incentive for network membership. This problem of 
market "externalities" is well-understood in economics, and it 
will normally result in too little compatibility being produced. 

The literature generally associates these network economies 
(external or otherwise) with standardization, but many are not 
unique to it. The producer of a TV program does net care whether 
the network that can be reached has been achieved by a single 
industry-wide standard or by multi-standard sets (except to the 
extent that the latter are more expensive and the market demand is 
elastic). On the other hand, the economics of TV set production 
are very sensitive to the difference between a common standard and 
multi-standard conversion technology. 

1.5. Standards Differentiation and Variety 

A single industry-wide standard may exist in a market or there may 
be many different and incompatible standards. As a pure case, the 
term "fragmented standards" implies undifferentiated (or 
spuriously differentiated) yet incompatible standards coexisting 
in the same market. Different arrangements of the pins and holes 
in competing razor blade/handle systems is an example. More 
commonly, however, different standards will be relatively better 
suited te different market segments' needs. That is, the standards 
will be differentiated and the market segmentable.8 To the extent 
that this is true, consolidation of many standards into one 
industry-wide standard will result in a loss of product variety. 
The convergence of VCR formats from three to two when Philips 
abandoned its V2000 reduced the variety of product features on the 
market. The loss that consumers suffered as a consequence depends 
on how much consumers valued the original differentiation. The 
demise of the V2000 at least suggests that the consumers' loss was 
modest, especially compared to the gain in network economies. By 
contrast, the incompatible operating system standards of Apple's 
Macintosh and IBM's PC coexist in part because each serves a 
differentiated niche very well. 

The relationship between standardization and variety is more 
complex than this, however. The convergence of standards will 
increase average network size. With a langer network, it becomes 
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economical for producers to create a greater variety of 
complementary products. For example, the catalogue of the small 
network UNIX computer operating system lists hundreds of 
applications programs while many thousands have been written for 
the large network MS/DOS. Undoubtedly, this différence is partly 
explained by relative network market size. This increase in the 
variety of complements is one of the network benefits of 
standardization. Sa while standardization may reduce variety in 
the hast product, it will increase variety in the complements. The 
optimal point on this tradeoff between two kinds of variety should 
be determined by consumer preferences. 

2. The Demand for Standardisation: Market Segmentation and Market 
Niches 

Given the different dimensions and degrees of compatibility and 
the different economic characteristics of the varying ways that it 
can be produced, it is naturel to imagine that heterogeneity of 
demand will permit the market to be segmented. This expectation is 
supported by the casuel observation that at any one time, many 
different methods of achieving compatibility coexist in what often 
appears to be an efficient and stable equilibrium. This is most 
obvious in the case of naturel languages, but it also appears in 
many other cases. 

The final stage of a demand analysis is to examine the 
characteristics of consumera that will détermine their demanda for 
different kinds of compatibility produced by different methods. 
There are surely many different consumer characteristics that are 
relevant to the segmentation of the market for compatibility, but 
here we will look at two especially relevant cales. The first 
concerns consumer characteristics that influence the choice 
between a single industry-wide standard as opposed to multiple 
standards (or more formally, the optimal number of standards and 
their positioning in product characteristic space). The second 
concerns characteristics that influence the choice between 
multivendor as opposed to multivintage compatibility. 

2.1. Single vs. Multiple Competing Standards: Specialized and 
Portfolio Demands 

One can imagine that in many industries there is a choice between 
a common industry-wide standard with a large network or a number 
of different standards each with a smaller network. Different 
standards may or may not be differentiated in the sense of 
offering different market segments some host product variety. The 
different possibilities are shown in Figure 1. 
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Quadrant *2 is defined by differentiated standards (i.e., a 
variety of standards) whose networks are linked by a conversion 
technology. Consumers have a dominant preference for this because 
it provides standards variety with no loss in network economies. 
That it is dominant does not necessarily imply that it will be 
observed, however. That depends upon two considerations. First, it 
requires that the benefit te consumers of linking different 
standards is worth the cost of the conversion technology. This 
depends on the cost of the conversion technology, the size of the 
network economies, and the value that variety has to consumers. 
Second, even if optimal from the consumer's point of view, some of 
the producers may try to sabotage conversion technologies - an 
issue that will be discussed later. 

Quadrant *4 is defined by spuriously differentiated standards that 
are incompatible. Examples include razor blade/handle sets and the 
IBM PC and the DEC Rainbow microcomputers. This alternative is 
dominated by all others because it yields the least utility to 
consumers, offering neither large network economies nor variety. 
One would hypothesize that it would only be observed when network 
economies are extremely small, when product differentiability is 
inherently difficult (both conditions describe razors), or as a 
stage in the transition to quadrant *3 via the process of 
standards competition and convergence to the single standard with 
the largest network (as was the case with the PC and the 
discontinued Rainbow). 

Tc, anticipate a strategic implication which will be discussed in 
more detail later, a policy of offering the market a spuriously 
differentiated yet incompatible standard is normally untenable for 
a firm that is not the market share leader. Its market share will 
decline in favor of the standard with the largest market share 
because the latter has the greater network economies. If a firm in 



the number two position cannot differentiate its standard (i.e., 
cannot shift competition to quadrant *1), it faces the choice of 
(a) licensing the dominant standard if the owner permits it or 
counterfeitting it if not, (b) trying to promote a multivendor 
open industry standard (i.e., shifting to quadrant *3), (c) 
investing in a conversion technology (i.e., shifting to quadrant 
*2), or (d) attempting to alter consumers' expectation about the 
future relative network sizes (via advertising, product 
preannouncements, etc.). The one possibility for sustaining a 
number two position with an undifferentiated standard is if 
customers' installed bases are so large that they cannot 
economically switch to the more attractive standard with the 
larger network. This will be discussed in the next section. 

Between these alternatives of quadrants *2 and *4 are two others -
differentiated but incompatible standards (quadrant *1) and 
undifferentiated but compatible standards (quadrant *3). The 
latter is in effect a single industry-wide standard. It can result 
as a competitive outcome or it can result from industry efforts to 
set multivendor standards as will be discussed in Section 3. 

One can imagine that some markets are characterized by a 
"specialized" demand and others by a "portfolio" demand.9 In the 

case of a specialized demand, consumers want to consume from a 
variety of technologies simultaneously even if it implies a 
relatively small network and few complements for each. Specialized 
demand can occur when different individuals have differentiated 
needs or when single individuals' demands are differentiable. 

A portfolio demand, by contrast, is for one technology and 
standard with a large network and a large variety of complements 
that the consumer can mix and match. In other words, specialized 
demand implies variety in host products and technologies but net 
in complements while portfolio demand implies the contrary. 
Portfolio demand can be an inate characteristic of all consumers 
or it can be the result of buyer concentration. In factory 
automation standards, for example, a few large buyers (e.g., GM 
and Boeing) are able to push producers into a common standard that 
precisely suits the specific needs of those buyers. There is 
empirical evidence as well thatindustry standards are positively 
related to buyer concentration.lu 

If the market consists principally of specialized consumers, it 
will be relatively attractive for firms to segment the market by 
standards (each suitably positioned for a different specialized 
segment), resist multivendor compatibility (rince there is little 
demand for it), vertically integrate into full systems production, 
and hope that patent protection or network economies will 
establish and preserve a standard's monopoly. This describes 
quadrant *1. A market characterized by portfolio demand, by 
contrast, will be very responsive to a multivendor standard 
because with it coures the greatest variety in complementary 
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products. Consumers are relatively indifferent to what technology 
plays host te those complements. This is quadrant #3. These basic 
strategic alternatives will be discussed from the supply side in 
Section 3.11 

The market for home audio systems provides an illustrative 
example. Until recently, the market was dominated by the portfolio 
demand of serious audiophiles who wanted to mix and match 
components of different producers and who wanted a large 
repertoire of recordings from which to choose. As one would 
expect, all the equipment on the market was multivendor 
compatible, based on 33 RPM phonograph records and stereo 
technology. 

Then incompatible tape cassettes appeared on the market. The 
cassettes were the more convenient and durable, but the fidelity 
of their sound reproduction was inferior to that of 33 RPM 
records. (I.e., it was net a dominant technology.) This new 
technology presumably appealed to a new market segment that 
invested solely in it. But in addition, the demand of some 
individuals who formerly purchased only 33 RPM stereo records now 
became segmented and specialized - a demand for a 33 RPM turntable 
and records in the living room for serious listening and a demand 
for a cassette player in the car (or a "Walkman" when jogging). Of 
course, with a given budget, these individuals would have a 
narrower inventory of recordings for either turntable or cassette 
player Chan would a consumer who stayed with one technology. 
Similarly, the entire audio market supports a narrower selection 
in production and distribution consequent to serving two different 
specialized demands. 

2.2. MuItivendor vs. Multivintage Compatibility: Problems of 
Installed Bases 

In the previous section, we looked at the demand for one 
industry-wide standard (possibly a multivendor standard) as 
opposed to multiple differentiated standards. In this section, we 
will look at the demand for a multivendor standard as opposed to a 
multivintage standard. Clearly, were it costless consumers would 
want ail kinds of compatibility. But as has been argued repeatedly 
in this paper, "there ain't no such thing as a free lunch." The 
cost in the previous section was lest variety. In this section we 
will focus on the cost of conversion between standards. 

Let us assume that we start with competing incompatible and 
spuriously differentiated standards. This situation was described 
as unstable in the previous section. But is it possible for 
producers te delay or prevent the convergence of the market ta one 
dominant standard? The answer is "yes" if customers hold 
sufficiently valuable stocks of capital compatible with specific 
standards. This installed base may be physical (phonograph records 
or automobile spare parts), electronic (computer files and 
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programs), or human (skills). The value of the installed base will 
normally depend on the industry. In computers, for example, it has 
been estimated to be worth hundreds of billions of dollars.12  

To the extent to which there is a large installed base that 
depreciates slowly, there will be a relatively high consumer 
demand for multivintage compatibility. If this demand is 
sufficiently strong to outweigh the pressure toward convergence to 
one standard, then competing undifferentiated standards, so long 
as they offer multivintage compatibility, can represent a stable 
equilibrium in the market. 

The validity of this argument depends upon a couple of factors. 
One is the retlative stability of the basic technology. If the 
technology is evolving rapidly, improvements in functionality may 
overcome the drag cf the installed base, and a stalemate of 
coexisting incompatible standards will be upset. This will not 
necessarily :esult in convergence to a single standard, however. 
The rapid technological evolution that upsets installed bases may 
never allow enough time for convergence to take place. In the 
early life of the computer industry, for example, change Look 
place so rapidly that one generation of incompatible standards was 
replaced by another superior generation of incompatible standards 
with no convergence. It is only now as the industry matures that 
one sees convergence taking place in some segments. 

Another important factor is the process by which customers convent 
from one standard to another. The bonds of an installed base will 
be relatively easily broken if standards can be changed in an 
evolutionary rather than a revolutionary way. The home audio 
equipment market again provides an illustrative example. Installed 
bases are obviously important, yet succeeding generations of 
technology have not offered much multivintage compatibility. 
Phonograph records, reel-to-reel tapes, tape cassettes, and 
compact disks require some very different hardware. Yet there are 
major quality improvements from generation to generation and, mort 
importantly, it is feasible for the typical consumer to maintain 
incompatible systems simultaneously. When a new and superior 
technology appears, customers can immediately begin an 
evolutionary adoption of it without scrapping the previous 
equipment and recordings. This makes it difficult for any single 
producer to use an installed base to lock consumers into a 
standard, and fragmented proprietary standards are not observed in 
the industry. 

The case of the X/OPEN Group provides another application of the 
ideas presented. X/OPEN is a group of European and U.S. computer 
manufacturers that are trying to promulgate a new multivendor 
operating system standard (UNIX). Although it is toc early to 
render a verdict on the success or failure of the X/OPEN Group, 
one can predict that since UNIX will have to displace existing 
fragmented standards with large and valuable installed bases of 
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programs, records, and files; since it is not inherently superior 
to other operating systems from a functional standpoint; since 
conversion to it would be revolutionary (i.e., it is impractical 
for the typical computer installation to rua different mainframes 
and operating systems concurrently); and since there is littie 
promise of an inexpensive conversion technology; it will face 
serious difficulty overcoming the instalied base problem. A 
preferable time te make a shift to a multivendor standard would be 
when there is a revolutionary technological change.13 

Although this is a very modest and incomplete attempt to classify 
consumera according te their demands for standards, it illustrates 
some of the ways in which such a classification can be made and 
the importance of a market analysis. From here, we turn to the 
supply side. 

3. The Supply of Compatibility 

Each method of producing compatibility suffers from externalities 
on the demand side. That is, each faces the same problem that an 
individuel consumer who pays te foin a network does not receive 
the full social benefit of enlarging that network. Thus, in 
general there will be less compatibility produced than is optimal. 

But although each method of producing compatibility faces the same 
demand side externality, only standardization faces a significant 
problem of the same genre on the supply side as well. A standard 
is intellectuel property, and like ail intellectuel property it is 
a public good.14  Once produced, it may be possible for firms that 
did not support its production to use it at no cost. If enough 
firms try to be "free riders," there will be insufficient 
investment in standardization. This problem does not exist in the 
case of most conversion technologies because the firm that invests 
in the technology can generally appropriate the full rewards.15  
(For example, the cost of the extra components is intrinsic to the 
price of multistandard products.) Ail things being equal, this 
externality creates a bias against standardization in the market 
for compatibility. Of course, the firms that do invest in 
standards may try ta exciude free riders from using those 
standards without paying for them. This, in turn, raines a number 
of other important issues concerning the supply of standardiza-
tion. These issues are the focus of this section of the paper. 

A standard can be proprietary or public, implying respectively the 
presence or absence of a private property right to the standard.16  
Whether a standard is proprietary or public is a legal question. 
Computer programs and chips are afforded legal protection against 
unauthorized copying. The sizing of toilet paper rolls and 
dispensers is not. In general, proprietary standards are common in 
circumstances in which the establishment of standards requires a 
significant investment. Since standards are public goods, that 
investment would not Lake place in the absence of legal protection 
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against unauthorized copying. For this reason, technical standards 
are usually proprietary while dimensional standards are usually 
public. 

Proprietary standards can in turn be restricted or open, implying 
respectively that the owner does or does not restrict other firms 
from producing compatible products. Whether a standard is 
restricted or open is its owner's decision. 

An open proprietary standard is similar in many ways to a public 
standard, but there are some important difference. For one thing, 
the owner of a proprietary standard retains the right and 
responsibility to maintain and upgrade the standard. For another, 
the owner can always choose to restrict a formerly open standard. 
This is a risk that faces users of an open proprietary standard 
but that does not exist in the case of a public standard. Of 
course, restriction is usually a question of degree. Intellectual 
property is notoriously costly to protect, and the owner's 
decision is more accurately expressed as how much restriction to 
buy. Assuming that other firms want to produce compatible 
products, perfect restriction will rarely be optimal. 

The définitions above allow one to categorize alternative means of 
supplying and competing with standards in a 2X2 matrix as drawn in 
Figure 2. Quadrant #3 is irrelevant since it is not possible to 
restrict access to a public standard. But quadrants *1 and *2 are 
each recognizable strategies for exploiting a proprietary 
standard's potential while quadrant *4 describes voluntary 
industry standardization around a standard that is not controlled 
by any single firm. 

Figure 2  
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3.1. Restricted Proprietary Standards and Rent Maximization 

If one assumes that private property rights exist for standards -
which is the case in most of the industries on which public 
interest is now focused - the first question to consider is how 
the owners of the rights can maximize what can be earned from 
them. There are only a few ways by which this can be done. The 
most obvious is to make the standards scarce by restricting access 
to them and thus earn scarcity rente from them. This is quadrant 
#2 in Figure 2. There are two broad ways to extract these rente. 
One is by selling a full system at a monopoly price. The other is 
to license the standard. 

3.1.1 The Full System Monopoly 

Competitors can be denied access to a proprietary standard by 
patent or copyright protection. The owner can then exploit the 
standard by integrating horizontally and/or vertically to produce 
and sell the full system of compatible products and complements, 
frequently bundled, at a monopoly price. 

This strategy is commonly associated with the integrated computer 
manufacturera and their mainframe operating systems. Each firm has 
its own proprietary operating system (which is incompatible with 
those of other producers) and produces a broad range of hardware 
and software products which are usually multivintage compatible. 

The conventional wisdom is that this is a highly profitable 
strategy especially if a producer can lock customers jute its 
network by virtue of their need for multivintage compatibility. 
Over time, the trap becomes ever tighter as the size of the 
customers' installed base grows. With ever rising switching costs 
and thus falling price elasticity of demand, the profit maximizing 
monopoly price rises. 

A more subtle virtue of the full line monopoly strategy is that it 
may make a second-best form of price discrimination possible. The 
principles underlying the use of a Lied product to meter demand 
and extract consumer surplus such as in automobile spare parts or 
camera film are generaily well understood.17 But this strategy has 
faced a number of successful legal challenges. 	And, of course, 
the strategy is only practical when the firm sells the metering 
complement. (It is an impractical strategy in VCRs, for example, 
because the producers do not operate in the cassette market.) 

Although the full system monopoly strategy may look attractive, it 
suffers from many problems. The first is that the firm is obliged 
to offer a full line of complements. This may be financially 
burdensome, especially early in a product's life cycle when the 
network is small and initial research and development caste are 
amortized over few sales. But that is not the only problem. In 
addition, the firm may not be efficient in producing the full line 
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of products and may find itself (possibly unconsciously) 
dissipating its profit by subsidizing inefficient internai 
operations. Organizational barriers may soon inhibit sub-
contracting even if and when the company becomes aware of the 
inefficiency. Much of this describes the experiences of some of 
the smaller European computer firme who earn modest rente from 
captured customers but then dissipate those rente by subsidizing 
inefficient in-house manufacturing. As the size of those subsidies 
has grown, some have managed to disintegrate their operations and 
to subcontract some component production and assembly. But some of 
the firms that have done so now find their partners have become a 
competitive threat. 

This story just emphasizes the point made earlier that exclusion 
of other firme from a standard's network is usually a question of 
degree both in intent and in execution. A way of reducing the 
initial financial burden of this strategy is to enlist support 
from other firme. For example, a computer manufacturer may try to 
exclude other hardware manufacturers from the standard while 
simultaneously encouraging independent software vendors to develop 
applications packages to supplement those produced by the 
manufacturer itself. But the more open is the standard to outside 
producers of complements, the more open is it to copying by 
competitors. 

A second problem is that the network of the standard will be small 
unless the standard dominates its industry. Depending upon the 
size of the network economies, a small network may imply that the 
range of complementary products will be small and possibly 
expensive, thus limiting the demand from which rente are to be 
extracted. The firm can try to mitigate the problem by heavy 
investment in complements in the pope that doing so will 
"boot-strap" the standard, but this will be extremely expensive. 
If the standard is dominant, as IBM's standards have traditionally 
been in the computer industry, the problem will not be severe, but 
few firms start in such an attractive position. 

A third problem is that the strategy assumes that a standard's 
monopoly will be profitable. Yet the existence of a monopoly does 
not guarantee its profitable exploitation. In a market of 
fragmented standards, competition is similar to that for monopoly 
franchises. Different producers compete for positions as the sole 
long-term suppliers of specific customers who become tied to their 
monopolist suppliers by the installed base. If there are many 
suppliers and if it is feasible to specify ex ante the supply 
conditions, these sole-supply relationships would entail no 
opportunity to earn rente. The rents are bid away in the initial 
competition for each customer's business.19  

In the case of standards, this "franchise competition" is likely 
to be extremely intense, especially early in a product's life 
cycle, especially if buyers are concentrated, and especially if 
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the market is characterized by a portfolio demand. These are the 
conditions in which the forces that push many standards toward few 
are strongest. Early market success and market share gains will be 
self-reinforcing, partly because consumers will jump onto the 
bandwagon and partly because independent producers of 
complementary products will want to invest in the likely market 
share winner. The result will be a self-fulfilling prophecy. This 
provides a strong motive for penetration pricing, possibly ta the 
point of predatory pricing. Because the success of a standard in 
establishing itself in the marketplace is heavily dependent on the 
expectations of consumers about the size of the standard's future 
network, advertising and promotional expenses will be important 
and heavy. Ail this means that positive cash flows will be far off 
even for the firm that eventually succeeds. For the firms that 
fail, the financial lasses can be catastrophic. (RCA Victor spent 
several million dollars in the first year of its unsuccessful 
effort te coax a reluctant industry to adopt its 45 RPM standard 
in lieu of Columbia's 33 RPM standard.20) 

Even the firm that eventually succeeds in establishing and 
exploiting a major monopoly position is vulnerable to the threat 
of counterstrategies of its competitors and others. One 
counterstrategy is the development of a conversion technology that 
releases monopolized customers who are unlikely to get trapped 
twice. This will be relatively likely to occur if there are strong 
network economies, if portfolio demand is strong, and if the 
monopolist producer is too greedy. A second counterstrategy for 
competitors is to counterfeit the standard. This is almost always 
possible to some degree, and the higher is the monopoly price that 
the standards owner charges, the greater is the willingness of 
bath consumers and other producers to buy and sell possibly 
inexact copies of the standard. 

3.1.2. Licensing the Standard 

In contrast to a strategy of exploiting a proprietary standard by 
integration and exclusion cf other firms, the owner of the 
standard can licence other firms to produce the full range of 
compatible products, possibly even in competition with the owner's 
product line. Licensing can be literal - charging a royalty for 
use of the technology - or it can be by analogy. The standard can 
be imbedded in a hardware component (such as in a computer chip or 
the recording head of a VCR) that is then sold at a margin 
équivalent te a licence fee. 

This strategy has two extrema variants that depend on the approach 
that the firm takes te the licence fee. At one extrema, the owner 
can set the profit maximizing fee with no regard te its affect on 
its own share of the market for the products embedying the 
standard. This is the case discussed here. (The alternative 
approach 	to charge a low royalty or aven te licence the standard 
freely in order to maximize its market share - will be discussed 
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below.) All the firm's rente will thus be earned directly from the 
standard, and any other activities of the firm (manufacturing, for 
example) will be conducted at arme length. In this case, the firm 
can be regarded as a monopolist with respect to the standard but 
possibly as a perfect competitor with respect to ail other 
activities. In fact, whether the firm does anything but collect 
licence fées is analytically irrelevant. An example of this 
strategy is IBM's reported jutent to shift its income to royalties 
on its proprietary operating system standards - even to the point 
of encouraging "compatibles."21  

Obviously, the challenge to the firm is to find a standard with a 
high market value. Little can said here about how to do this. 
Irrespective of the value of the standard, however, this strategy 
has the virtue that the various activities of the firm must earn 
their own way, and there will be no possibility that counter-
productive cross subsidies will dissipate profits. 

3.2. Open Proprietary Standards and Market Share Maximization 

Instead of making the standard scarce in order to earn a rent from 
it, the owner can open access to the standard by setting a low or 
negligible royalty with the specific intent of expanding the 
standard's network to the point where it becomes the de facto  
industry standard. This is quadrant #1 in Figure 2. The 
convergence of competing standards in the market will be much 
quicker to the entent that firme compete in this fashion. The 
obvious question, however, is how rent is then to be earned. By 
definition, little or none cames directly from the standard rince 
it is not scarce. (This same question will arise again when one 
analyzes voluntary industry standards.) Because the answer is not 
obvious, a frequent hypothesis in the literature of standardiza-
tion is that a dominant firm will oppose industry standardiza-
tion.22 Yet this is not always the case as the following exemples 
indicate. 

One circumstance in which this strategy can be profitable is when 
the firm has other competitive advantages or scarce rent-earning 
assets that the standard complements. For example, the firm may be 
a low cost producer or it may have patents or specialized knowhow 
in the hast or complementary products that are distinct from the 
standard itself. Matsushita is a low cost manufacturer that 
inexpensively licences its VHS standard in the VCR industry hoping 
to earn an efficiency ent on large scale production of the 
standardized product.2° Xerox charges only a token royalty for its 
local arec network standard, Ethernet, presumably to capitalize on 
the firm's competitive advantage producing and marketing equipment 
that att49hes to the network. Magnavox's strategy in AM stereo is 
similar. 

The risk with this strategy is that the firm may find its 
envisioned competitive advantage illusory. Firme that have long 
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protected themselves from competition by restricting access to 
their standards may easily overestimate their competitiveness 
outside of a protected market. The well-known story of IBM's PC is 

a good example.25 The product was remarkable for its open 
architecture. Irrespective of how IBM hoped to profit from the PC, 
it found that it was unable to hold back the many invaders of the 
standard. Despite its extreme efforts to be cost competitive, 
including uncharacteristic external sourcing of major components, 
IBM has found itself a high cost producer and has lost both 
margins and market share. IBM had an unexpected experience as well 
in the 1960s when it opened its standards for the System 360.26  

As a final point, it may be possible to combine open and 
restricted standards. A firm may freely licensed a proprietary 
standard to establish its dominance in the market and then exploit 
a first-mover advantage as the technology evolves. Alternatively, 
it may try to restrict its open standard once it becomes the de 
facto industry standard. IBM provides examples of both 
possibilities. The European Community antitrust case against IBM 
was settled in 1984 in part by IBM's agreement te release 
information on its technologies early enough to reduce the 
first-mover advantage from which it was alleged to profit. And the 
trade press has been speculating for a couple of years that IBM 
would capitalize on the dominance of the open PC standards by 
closing them. (It is not clear when, if ever, this will happen.) 

3.3. Industry Cooperation on a Public Standard 

An industry-wide de facto standard could be an outcome of 
inter-standards competition as has been seen, but this would not 
normally be called a cooperative outcome. There is bath 
theoretical and empirical evidence that cooperation is unlikely 
where standards are expected to alter relative market shares as 
proprietary standards almost invariably do.27  

Cooperative industry-wide agreement on a public standard is very 
different from the competitive processes that have been discussed 
above. The principal reasons have to do with bath the process and 
its consequences. If a standard is in the public domain, none of 
the competitive strategies described above are possible, and there 
is no basis for competition with respect ta the standard. Thus, 
this case - quadrant #4 in Figure 2 - is termed the non-
competitive standard. 

Examples of public industry standards include machine screw 
threads, auto tire sizes, widths and depths of refrigerators, the 
relative positions of automobile foot controls, farm equipment 
hitches, and paper and envelopes sizes. The characteristic feature 
of these examples and of most public industry standards is that 
they are dimensions with no legally enforced property rights. 
Thus, the standards per se cannot earn rents because they cannot 
be made scarce. 
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In this situation, producers may be motivated to produce 
compatible products. This motive has two possible origins. One is 
if there is a portfolio demand. Compatibility will then shift the 
market demand curve outward. Second, compatibility can weaken 
firms' incentive to compete on price. With compatible products, 
one firm's price cut increases the other firms' sales. These other 
firms benefit as free riders. This implies less incentive to cut 
price than if the firms' products were incompatible and the 
benefit of one firm's price cut accrued to it clone. Knowiedge of 
this externality provides a motive for the firms to produce 
compatible products and thus avoid the temptation to engage in 
price warfare. The commonality of farm tractor hitches has been 
cited as a specific example of this process.28 

Although the stereotypic cases of industry-wide public standards 
are dimensions, such cases are not very fashienable compared to 
those in which standards involve sophisticated technologies and 
intellectual property. Is it not possible for firms to cooperate 
in developing costly technological standards for the public 
domain? 

The main problem one confronts in this case is the public goods 
character of standards. If enough firms try to be free riders, 
there will be no investment and no standard. 

There are ways out of the free rider trap, however. Concentrated 
industries may be able to agree on an equitable sharing of the 
burden, and empirical studies have confirmed that v2luntary 
standards are relatively common in such industries.h Industry 
trade associations to which all or most industry members belong 
and contribute often support public goods' production, standards 
included. Tax supported national standards bodies perform some of 
this work as do government financed research laboratories or 
grants to industry. Open Systems Interconnection (OSI) and 
Integrated Services Digital Network (ISDN) standards are examples. 
Sometimes it is possible that very large buyers can push vendors 
into open standards as seems ta be the case with the Manufacturing 
Automation Protocol (MAP), a manufacturing standard promulgated by 
CM, Boeing, and other huge firms. Nonetheless, with the exception 
of cases in which there is a significant government involvement, 
the combination of costly technology standards and public domain 
standards - i.e., truly non-competitive private sector coopération 
in setting technology standards - is extremely rare. 

Another related problem with non-competitive public standards 
appears in the case of OSI. The public OSI standard competes with 
IBM's proprietary alternative, System Network Architecture (SNA). 
Although there seems to be general popular support for the open 
OSI, IBM's SNA has the clear advantage of sponsorship by a single 
decision maker with a focused commercial motive. OSI is the 
product of a multitude of national and international committees, 
and although it has been under development since 1977, it is still 
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not finished.30 The same problem may corne to haunt ISDN standards. 

A final problem with public standards is that firms are presented 
with the temptation to differentiate them and thus create 
proprietary versions. This has happened, for example, with the 
open UNIX which has spawned numerous proprietary children 
including SINIX (Siemens), ULTRIX, and XENIX (Microsoft). 

3.4. The Independent Standards Owner 

One can imagine a model that is in some respects similar to a 
number of the alternatives discussed above but which is 
sufficiently different in other respects to merit special 
attention. It is a non-competitive standard in that no firm can 
exploit it to the detriment of rivais. Thus, it may make voluntary 
industry standardization easy to achieve. Yet the standard is 
proprietary and thus free rider problems do net appear. This model 
is one in which the standard is owned by a firm outside of the 
industry that uses it. In this case, the standard owner charges 
equal (and presumably profit maximizing) royalties to ail industry 
competitors, there are no free rider problems, no problems of 
preferential access to the standard, there are no competitive 
asymmetries introduced, and there is no opportunity for rival 
producers to fragment standards to the detriment of their 
customers. 

The industry-wide MS/DOS computer operating system standard fits 
this model. Microsoft Corporation, the owner of the standard, does 
net manufacture computers or their components. Royalties it has 
earned from the manufacturers has amply compensated it for its 
investment in the standard's creation, most computer manufacturers 
readily adopted the standard with no fear of competitors' use of 
it, and cooperative industry-wide standardization has benefitted 
users due to the large network of applications software. 

Another example is provided by the adoption of 33 RPM phonograph 
records. This standard was introduced by Columbia, a firm that did 
net produce phonograph equipment. It made the specifications 
freely available tep ail manufacturers to enlist their support for 
the standard which rapidly became the industry standard. Only the 
largest vertically integrated producer of equipment and records, 
RCA Victor, opposed the new standard since it threatened the 
company's dominance. 

If arme length separation between standards ownership and use is 
net natural, it can be created by the firme themselves. The policy 
of licensing a standard which was discussed in Section 3.1.2 does 
just this in principle although in practice arme length separation 
may be difficult te maintain. An owner of a standard who aise 
manufactures and selle products will face a strong temptation to 
give itself preferential assess te the standard. And even if it 
does net, competitors may believe that as licensees they would be 
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at a comparative disadvantage, and they would thus be reluctant te 
license. 

An alternative way of separating standards ownership and use would 
be for competitors to set up an independent but jointly owned 
company chartered to create, own, and exploit standards 
commercially by licensing the shareholders to use the standard. 
Original contributions of standards property rights could be a 
foret of subscription. This is, of course, simply an industry-wide 
joint monopoly of a standard - for which consumers would pay. Yet 
even on social welfare grounds, it may be preferable to fragmented 
proprietary standards and to the free rider problems that ourse 
public standards. 

We will see in Section 5.2 that public policy can force this 
separation of control and use of standards. This is in essence the 
policy of the U.S. FCC regarding the telecommunications network. 
Although it has not been extended beyond this industry, in 
principle it (muid be. 

4. The Consequences of Industry-wide Standardization 

Only the fool, fixed in hie folly, may think 
he can turn the wheel on which he turne. 

T.S. Eliot, Murder in the Cathedral  

We have analyzed some of the principal strategies that a company 
or companies can Lake with regard to product standardization or 
non-standardization. This analysis suggests a tentative 
conclusion. The coexistence of incompatible standards serving the 
same market (or market niche) is unstable and will be followed by 
convergence to one dominant standard. This convergence is not 
inevitable and it may net be fast. Conversion technologies, 
rapidly exhausted network economies, rapidly changing technology, 
valuable installed bases, and government policy can each retard 
convergence. Yet we can regard these simply as factors that 
produce exceptions to the generalization of convergence to 
industry-wide standardization.31 

In this section, we will look at the consequences of industry-
wide standardization presuming that it has been achieve by one 
means or another. There are several reasons why it is important to 
do this. Standardization will provoke many changes in a firm's 
competitive environment, some of which may be both unintended and 
threatening. These changes will necessitate corresponding changes 
in other aspects of competitive strategy that can only be executed 
effectively if anticipated. It may not be too great an exaggera-
tion to argue that standardization proceeds according to a destiny 
ordained by forces only vaguely controlled by firme, and that it 
unleashes forces that require firms te adapt if they are to 
prosper. To the extent that this argument is net exaggerated, 
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anticipation and adaptive strategies can be even more important 
than strategies directed specifically toward product standards. 

A second reason why it is important to understand the consequences 
of standardization brings one back to some of the previous 
discussion. The process of setting standards is heavily dependent 
on producers' and consumers' expectations of the consequences of 
those standards. Unless one has some understanding of the cause 
and affect relationships, one has no way of predicting how 
different agents will see their self-interest and thus how they 
will behave. To give an example, if some of the members of X/OPEN 
see multivendor standards as threatening, then irrespective of 
what they say in public, they will have no incentive to support 
the necessarily cooperative effort of establishing those 
standards. Furthermore, if customers or independent software 
producers think that some members of X/OPEN are reluctant to 
embrace multivendor standards and thus think that standardization 
will fail, then that prophecy will be self-fulfilling. 

So what are the likely affects of industry-wide standardization? 
We will organize them according to whether they are mostly 
structural or mostly behavioral. Performance consequences will be 
considered when we turn to the section on public policy. 

4.1. The Structural Impact of Standardization 

Industry-wide standardization will have three important consequen-
ces for industrial structure. 

(1) Standardization will probably expand the product market. The 
qualification recognizes the possibility that (a) a reduction 
in host product variety will reduce the demand of specialized 
consumers, offsetting the increase in portfolio demand, (b) 
technological change will be inhibited, reducing demand in the 
long run, and (c) standardization will be on the "wrong" 
standard. (Although even a single "wrong" standard may be 
superior to fragmented standards. 32) Nonetheless, one can 
generally assume that standards will reduce the cost of 
achieving compatibility between products thereby increasing 
demand. 

This expansion may be in domestic market size, but it may also 
be international. Traditionally protected national markets 
allowed incompatible standards te develop with each standard 
serving a separate national market. As many international 
trade barriers have fallen, this national market segmentation 
often persists only because of the legacy of the incompatible 
standards. Product standardization across international 
markets will break down the national hegemony of single 
companies or tight oligopolies, and this will have a 
significant impact on international trade. 



-25- 

Conversely, the international trade implications of standard-
ization may have important consequences for standards setting, 
especially in situations in which public bodies set standards 
and can use that authority to block trade. 

(2) The natural forces of convergence to a single standard may 
create monopoly if the mode of competition in the industry is 
via restricted proprietary standards. The firm or standard 
with the largest market share will have a self-reinforcing 
advantage up to the point at which the relevant economies are 
exhausted. The form that monopoly will take depends upon the 
strategy that the owner of the dominant standard chooses. If a 
bundled system, monopoly will appear as a single manufacturer. 
If licensing, monopoly will appear as a single standard but 
perhaps with a number of manufacturers, all paying monopoly 
royalties to the owner of the standard. The market power that 
accrues ta the monopoly will be limited by the cost of 
counterfeitting the standard and by the availability of 
adaptors. 

Although there are analogies between natural monopoly based on 
production economies of scale and natural monopoly based on 
network economies, there are some important différences 
between the two phenomena. We have seen that the owner of a 
dominant standard has a number of ways by which to extract 
rents from the standard - bundling, licensing, promulgating an 
open standard, etc. The fact that there is this choice 
suggests that a standards-based natural monopoly is much more 
subject to public policy control than is one based on 
production economies of scale, and this point will be 
discussed in Section 5. 

(3) If standards are open or if licensing is non-discriminatory, 
standardization will unbundle the different activities in the 
value-added chain. Just as restricted system standards can 
prevent unwanted entry into any element of a producer's 
system, then open industry-wide standardization can do the 
reverse. Specialist producers of single components can enter 
the market with no disadvantage in terms of compatibility 
(including multivintage) with other elements of the system. 
And the different full system producers will be able to sell 
elements of their systems to customers who want to mix and 
match them with elements of other producers' systems. In the 
lirait, there will be no advantage to system selling at all 
unless some other full product line characteristics can be 
made important to the consumer. Clearly, it will be important 
to full system producers to find Chose characteristics. 

Intensified competition, due partly to new specialist entry 
and partly to systems sellers invading each others' markets, 
will make it impossible for producers to cross subsidize 
different operations internally. Net  only will each element of 



-26- 

a system live or die on its own virtues, but the same is true 
for each activity that adds value to the product. This will 
have radical implications for the allocation of resources 
within firms. Firms that have long subsidized in-house 
manufacturing from rents earned on their proprietary standards 
will find the practice no longer possible. 

The structural implication of this is that industry 
concentration ratios should fall, product specialization 
ratios should rise, and companies should corne te specialize in 
différent activities in the value added chain.33  

4.2. Conduct Consequences: Adapting to a Standardized Industry 

In Section 3, we looked at how strategy influenced standards 
setting. Here we will look at how industry-wide standards will 
dictate strategy. In some instances, the feedback is consistent 
with strategies related directly to standardization. In other 
instances, however, the induced strategic response is independent 
of any standards-based strategy. Our presumption is that although 
there is but one standard, there are multiple firms competing in 
the industry, i.e, we are considering multivendor standards. 

(1) Industry-wide standardization will elirninate a major dimension 
of product differentiation from the competitive arena and 
(presuming there are enough competitors to prevent collusion) 
will shift competition and the source of rente to other 
dimensions. The most likely forms of increased competition are 
price (and thus productive efficiency) and non-price 
competitive modes other than product differentiation.34  

This prediction is best illustrated by two brief examples -
one well known and the other less familiar. The better known 
is the IBM PC which has been referred to before in this paper. 
IBM combined a policy of open standards with exceptional 
efforts to achieve low cost including uncharacteristically 
high outside purchase of components. Even sol  intense price 
competition has proven damaging. IBM's share of the 
PC-compatible market has fallen from 65% in January 1985 to 
less than 45% now. 

The less well known case is that of a major American relier 
bearing producer. It recently invested heavily with its 
principal customers te standardize bearing characteristics 
with the intent of reducing the large number of small-volume 
"custom" orders. This change promised substantial production 
cost savings which the producer promised te share with its 
customers. Upon the successful complétion of the proiect, 
however, the producer found that it rapidly lost market share 
and margins to Far East producers that it had never previously 
met in the marketplace. The reason was that as long as bearing 
design was integral to downstream product design, proximity 
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(literai and figurative) of producer to client was a critical 
competitive advantage. Once bearings were defined by a set of 
standardized statistics, customers began shopping for the 
lowest prices - which were found in the Far East. The American 
company is now engaged in an expansive and problematic effort 
to return to custom design of uspecials." 

If one were to accept the crude generalization that the U.S. 
and Western Europe are not the sites for world-wide low cost 
production, then where transportation costs are not 
significant, product standardization is likely to undermine 
much of Western countries' comparative advantage. Philips' 
estimate (referred to previously) that it could save $175 
million annually if the European TV market were standardized 
makes the questionable assumption that the firm would still be 
producing TVs in a standardized market. It is not unreasonable 
to believe that European produ-ers still control 75% of their 
domestic TV markets because fragmented standards have excluded 
Japanese producers from entering Europe as they have the U.S. 

In the computer industry, one cannot help thinking that 
Japanese and other Far East manufacturers would be the major 
beneficiaries of open operating system standards - the locus 
of considerable industry attention. If the Japanese 
manufacturers had access to free or low-cost operating system 
standards in a broadened market, they would be significantly 
advantaged, especially as they are notoriously weak at 
programming. In fact, the smaller European firme, each with 
hegemony in its domestic market (ICL in the U.K., Siemens in 
West Germany, etc.) are just beginning to show concern that 
larger foreign firms are joining the pan-European 
standardization movement precisely because it offers an avenue 
to invade these traditionally nationalistic markets. 

In short, with multivendor standards, firms that have 
traditionally relied on proprietary rente will have to 
redefine the sources of their competitive advantage. Service, 
delivery, consultancy, 	ail represent possibilities. But 
change must be anticipated and strategies must be developed to 
cope with it. No company can afford to look only at the 
efficiencies of standardization without recognizing and 
planning for the threats that will accompany it. 

(2) Firms will have to re-examine their product lines and be 
prepared for radical change before change is forced upon them. 
If a component of a system is able to stand on its own (in 
terme of its production cost, quality, functionality, etc.), 
it can be kept. If not, it will either have to be jettisoned 
or purchased from outside unless some other form of 
complementarity with the firm's product line can be 
identified. In home audio equipment, producers clearly try to 
promote full system sales by standardizing the appearance of 



-28- 

their components and their dimensions, and by bundling them 
into an attractive box. This tying cannot be forced on the 
consumer, however, because of the power of portfolio demand. 
In generai, to the estent that (a) multivendor standardization 
je to a high degree, (b) consumers are portfolio shoppers, and 
(c) consumers are knowledgeable (or are served by 
knowledgeable consultants), it will be difficult to sell 
system components on any basis but the price and performance 
of each. 

(3) Research and development that is no longer directed to the 
differentiation of standards may be directed instead to 
radical technological change that can leapfrog existing 
standards or define entirely new markets. It is only through 
radical change - the development of a new dominant or entirely 
differentiated technology - that a firm that cannot 
effectively capitalize on open standards can hope to shift the 
mode of competition back in its favor. The threat of a radical 
technological change will in turn prompt firms wedded to 
existing standards to look for ways to improve their 
technology while offering multivintage compatibility as a 
major competitive advantage. Faced with the obstacle of a 
constantly growing installed base compatible with the existing 
technology, a firm with a radically new technology will be 
motivated to announce and promote it well before products are 
ready for shipment. 

Competition in the video camera/recorder (camcorder) market 
provides an example of some of the points made above.35 With 

the withdrawal of Philips' V2000 and the shrinking market 
share of Sony's Betamax, the VCR market is now approaching one 
of an open (albeit proprietary) standard - Matsushita's VHS. 
Sony, which lost this round of standards competition and is 
evidently uninterested in joining the VHS standard's network, 
is heavily promoting the more compact - and incompatible - 8mm 
format in a camcorder. To market the 8mm, Sony has reached an 
agreement with Paramount Pictures for prerecorded video 
programs in 8mm. Other manufacturera who are uninvolved in the 
VHS standard - Cannon, Olympus, and Kodak, for example - are 
aise selling 8mm camcorders. 

The competitive response from Matsushita (adopted by the other 
producers in the VHS network) has been to create a miniature 
camcorder version of the VHS cassette (the VHS-C) with an 
adapter that allows it to be played in a normal VHS recorder. 
So Matsushita can offer multivintage and multivendor 
compatibility with no (or at least, little) sacrifice in 
functionality compared to Sony's 8mm standard. The remaining 
competitive avenues open to Sony are (a) to hope that the 
functional differentiation of the 8mm standard is sufficient 
to find a market and (b) te try to create the impression that 
the future upgrade path (i.e., the future network) for 8mm is 
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more promising than that for VHS and VHS-C. 

5. Social Performance and its Public Policy Implications 

There are two relevant areas in which public policy intervention 
is likely to appear, or at least likely te appear justifiable. One 
is in the standards-setting process. The policy objective 
presumably would be to ensure an efficient amount of 
standardization and compatibility. The other is in the process of 
compétition where the policy objective would be to prevent abuse 
of monopoly. The first area is normally the jurisdiction of 
regulatory policy and the second of antitrust policy. 

5.1. Policy Intervention in the Production of Standards and 
Compatibility 

Everyday experience probably is sufficient to convince mort people 
that markets fail to produce as much compatibility as is optimal. 
Many of us have experienced the frustration of incompatible 
products that we feel should work together. Sometimes it is only 
mincir frustration; sometimes it is more serious as when the U.S. 
National Bureau of Standards burned down in 1904 because the 
threads of the fire hoses did not fit those of the hydrants. But 
as this paper has often stressed, as long as compatibility is 
expansive, it will be scarce relative to the demand for it. As 
long as history bequeathes us a legacy of incompatible standards -
for whatever reason - it will rarely be optimal to seek universal 
standardization. And as long as individuals can make mistakes, 
they will. So frustration with incompatible products in everyday 
life is not per se evidence of any systemic inefficiencies. 

Yet theory is also sufficient to convince one that markets are 
unlikely to produce the optimal amount of compatibility. Economic 
intuition suggests that the presence of network external economies 
will lead to too little compatibility and that supply Bide 
externalities or the exclusion of non-payers will lead to too 
little standardization. Intuition aise suggests that installed 
bases will inefficientiy retard the introduction of superior new 
technologies. But whereas ail these results are possible and are 
the common findings of sophisticated economic models,36 those same 
models have shown that intuition can sometimes be wrong. Depending 
upon the precise circumstances, thq;e can be too much 
compatibility and standardization68  there can be excessively 
rapid adoption of new technology, 	standards can converge on an 
inappropriate technolggy (the typewriter keyboard is the 
outstanding example), 	and multiple equilibria are possible.40 

In summary, the world of standards and compatibility is clearly 
one in which markets do not work well. Yet despite this, public 
policy has generally played little role in directing and enforcing 
decisions on compatibility and standardization even though as an 
administrative matter it would be relatively easy to do so. In the 
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U.S., committees to four Secretaries of Commerce since World War 
II have reaffirmed the principle that standards setting is a role 
best left to the private sector.41 In Europe, there are some 
recent public policy initiatives in standards setting, but it is 
nonetheless true that the t4e is generally left to the private 
sector as it is in the U.S.'" 

This is net to deny that governments of Europe and the U.S. 
exercice considerable influence on standards by virtue of their 
purchasing power. Indeed, most set procurement policies to favor 
open standards like UNIX and OSI in computing and telecommunica-
tions respectively. But this is not "public policy" if that term 
implies the use of unique state powers to intervene in markets. In 
fact, it is no different from what General Motors and Boeing 
attempt to do in the case of standards for automated 
manufacturing. 

Even the academic literature rarely calls for active 	R public,olicy 
intervention in markets to correct their manifest failings..2a  The 
reason is simply that market failure is net a sufficient condition 
to justify that intervention. As long as public policy 
intervention is costly and imperfect, it should be regarded 
skeptically, and skepticism is felt to be warranted. The 
historical and on-golg story of international failure to agree on 
television standards 	and the unending international trade 
disputes over the use of standards as non-tariff trade barriers 
show how producers' interests can gominate those of consumera in 
the public policy making process.4  In fact, to the extent that 
governments regard their firme' interests as proxies for the 
national interest, the process of competition between firms and 
countries is identical. 

Exceptions to the generalization that governments delegate 
standards setting to the market most often appear in industries 
like communications in which firme are customarily regulated or 
nationalized. Yet even here, the U.S. has seen a recent relaxation 
of public policy intervention as the e4eples of teletex, 
satellites, and AM stereo demonstrate.' 

5.2. Standards and Antitrust Policy 

The antitrust issues that sometimes arise in the case of 
competition Oprolving compatibility standards are extremely 
complicated. 	This is st> for two reasons. One is that theory and 
measurement may not be able to discriminate between different 
motives and methods. The other is that two fundamental policy 
objectives are in conflict. Although their origine are different, 
these two problems are closely related. 

The first problem is that of distinguishing between innovation and 
standardization that is properly motivated by healthy forces of 
competition and innovation and standardization that is intended to 
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drive competitors out of the market and thus ta reduce competition 
illegally. The problem has appeared mort notably in antitrust 
cases involving systems competition in the computer and the 
amateur photography markets, and an extensive literature has Brown 
out of these cases. Unfortunately, although scholars generally 
concur that legitimate antitrust issues can arise with 

standards," there is little agreement about what to do about it. 
Some believe that the problems are too complex to be resolved by 
litigation. To avoid the serious error of punishing legitimate 
competition, they prefer courts to dismiss *11 alleged cases of 
predatory use of standards without inquiry."" Others define 
criteria under which even the introdugeon of a superior new 
product could constitute a violation. 	One would have to conclude 
from this literature that economists have not yet reached a 
consensus on how to discriminate between benevolent and malevolent 
standardization even in principle, let clone in practice when data 
are never as readily available as researchers would like. 

Recent U.S. cases testing these issues have reached divergent 
conclusions as well. ILC Peripherals Leasing Corp. v. IBM  
concluded that as a matter of law, innovations (which raise the 
standards issue) cannot be predatory. Other cases (the IBM 
peripheral EDP Devices antitrust litigation and Perkev Photo Inc.  
v. Eastman Kodak Co.) recognized the possibility of illegally 
predatory innovation, but there were no convictions. Telex Corp.  
v. IBM Corp. came closest to testing the allegations of predatory 
use of standards. Many academics hav argued that IBM's behavior 
in the computer industry was illegalp

g 
 l and the company was 

initially convicted in the Telex case. Yet it won an acquittai on 
appeal. In Europe, IBM was similariy accused of anticompetitive 
use of standards, but the negotiated settlement struck mos+ 
observera as a victory for IBM. One would have to conclude that 
whereas there exists a possibility that strategic use of standards 
may violate antitrust laws, it is extremely difficult for a 
plaintiff to win a conviction. 

This highlights a significant difference in the policy approach 
taken in the U.S. by the FCC in its oversight of the 
telecommunications industry and by the Justice Department in its 
iurisdiction over the computer industry. Despite the 
"deregulation" of the telecommunications industry and the new 
entry into markets previously monopolized by AT&T, the FCC stiil 
requires information disclosure and equal (although not 
necessarily free) access to the network for ail. That is, it 
forces the arma length separation discussed in Section 3.4. In the 
computer industry, by contrast, the market power of the dominant 
firm, IBM, may be as much as that of AT&T in the 
telecommunications industry, but U.S. antitrust policy has not 
moved in the direction of forcing non-discriminatory access to 
standards. This remains a possible tool of antitrust policy, 
however, and is similar in principle ta compulsory licensing (at a 
reasonable royalty) of brand naines that are sufficiently dominant 
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to become "generic." 

Regarding conflicting social objectives, the public goods nature 
of standards will require some restraint on their costless 
immitation if investment in standards is to be forthcoming from 
the private sector. And this restraint, be it via copyright, 
patents, licensing, secrecy, special legislation, product 
variation, tying, or just the exploitation of a headstart will 
necessarily be inefficient in exactly the same way that monopoly 
is. Unfortunately economic principles provide no clear boundary 
between the defensible reward for innovation and the indefensible 
abuse of monopoly, nor is there any obvious way of defining some 
ways of extracting a quasi-rent as tolerable and others as 
intolerable. Necessarily arbitrary public policy decisions are 
common to all intellectual property cases, of which standards are 
a type, and this point was explicitly noted in Memorez v. IBM  
Corp. Unfortunately, arbitrariness provides little guidance for 
business decision making. 

6. Conclusion 

This paper has attempted to present a structured way of thinking 
about the competitive issues that arise in industries in which 
standards are important phenomena. But it has not and cannot offer 
an easy recipe for strategic decision making. Too many factors are 
involved to hope that the questions that introduced the paper 
could be readily answered. And ultimately it is impossible to 
conceive of any profitable competitive strategy that can be 
communicated and replicated. Such a strategy would necessarily be 
rendered valueless by replication in the same way that a strategy 
for beating the averages on the stockmarket would be rendered 
valueless by its replication. Rather, the best that one can hope 
is that a manager can improve his or her understanding of what 
will inevitabiy be a unique situation and set of options. Are 
alternative ways of producing compatibility available at low cost? 
What is the nature of demand and how can the market for 
compatibility be segmented? How strong are the network economies? 
How can confidence in the future network size be built? How will 
the industry's structure and mode of compétition change with 
standards? In whose interest is that change and how can those who 
will be disadvantaged defend their positions? If managers 
understand why these questions are important and what to make of 
their answers - even if those answers are vert' crude - then the 
objective of this paper will have been achieved. 
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FOOTNOTES 

1 The distinctions between these different kinds of standards are 
not always precise. For example, standard sizing of auto tires 
is both a variety-reducing standard and a compatibility standard 
with respect to wheel riens. 

2 Berg (5) develops this point in a formai model. 

3 Katz and Shapiro (29) formally model the construction of 
adapters. 

4 
See Brown (10). 

5 
A distinction is sometimes made between peer-to-peer 
compatibility which links functionally identical products (like 
telephones) and interface compatibility which links 
complementary products (like cameras and film). See Sirbu and 
Stewart (45). 

6 They are discussed in Braunstein and White (7), Carlton and 
Klamer (11), Dybvig and Spatt (17), Farrell and Saloner (20,22), 
Hemenway (26), Katz and Shapiro (29), Kindeiberger (30), and 
Rohlfs (41). 

7 Brock (9) later estimated that a firm with 10% of the market 
would suffer software costs 50% higher than a firm with a 100% 
monopoly. 

8 For a formai analysis of the optimal number and spacing of 
standards to serve a differentiated demand, see Bongers (6). He 
does not model the problem in a situation of network 
externalities, however. 

Braunstein and White (7) use this terminology. 

10Lecraw (32) 

11Sirbu and Stewart (45) propose two hypotheses related ta what is 
described here. One is that "Eindustry-wide] standards are 
unlikely to emerge where a single buyer can achieve 
compatibility by buying products from a single vendor." The 
second is that "standards are likely to emerge where the 
purchases of unrelated buyers must by coordinated in order to 
achieve interworking." The former relates to what is called 
specialized demand in this paper while the latter relates to 
portfolio demand. Sirbu and Stewart find supporting evidence in 
a test in the modem market. 

12wilmot (48) 
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13For a full discussion of X/OPEN and computer operating system 
standardization, see Gabel (25). 

14A public good is a good or service with the property that 
provision for one consumer automatically could entail provision 
for others at no social cost. I.e., consumption is not rival. 
Exemples include mathematical theories, musical scores, national 
defense, and radio broadcasts. This definition holds even if 
non-payers are excluded by law from the consumption of public 
goods. 

15This is not strictly true. For example, software that translates 
standards into each others' terms is also a public good. Yet 
standards are the clearest example of the public goods 
production of compatibility. 

16Katz and Shapiro (28) use the term "sponsored" rather than 
"proprietary." 

17See Crandall (13). 

18For example, it was an issue in International Business Machines  
Corp. v. U.S., 1962. For further discussion, see Scherer (44, 
p.582-4). 

19Demsetz (16) 

20
Reed and Welch (40) 

21See "IBM in the Akers Era," The Economist, May 4, 1985. 

2 2This hypothesis appears in Brook (8), Katz and Shapiro (29), and 
Ordover and Willig (36). 

23Prahalad (39) 

24
Berg (4) 

25For an analysis of competition in microcomputer standards, see 
Hergert (27) and Rumelt (42). It is worth note that IBM tried to 
keep the PC's BIOS chip proprietary, but its functionality was 
quickly duplicated. With that IBM lost all proprietary control 
of the PC. 

26 Fisher, McKie, and Mancke (24) 

27 Brook (8), Link (33) 

28Kudrle (31), Matutes and Regibeau (35) 

29Lecraw (32), Link (33) 
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30Katz and Shapiro (28) show rigorously how a sponsored technology 
can prevail over a superior unsponsored one. 

31Convergence to a single standard is a theme in the work of Berg 
(4), Clark (12), Hergert (27), Link and Tassey (34), Sirbu and 
Zwimpfer (46), and Young (49). 

32Sirbu and Stewart (45) 

33Empirical findings do not contradict this, but the causality is 
assumed to go the other way. See Lecraw (32) and Link (33). 

34 As a theoretical matter, price competition will not necessarily 
increase with standardization as Matutes and Regibeau (35) show. 
But their model assumes a highly concentrated industry (a 
duopoly). 

35Prahalad (39) 

36See, for example, Dybvig and Spatt (17), Farrell and Saloper 
(19,21,23), Katz and Shapiro (29). 

37Berg (5), Braunstein and White (7) Farrell and Saloner (19), 
Katz and Shapiro (29) 

38Farrell and Saloner (21) 

39Farrell and Saloner (19), Katz and Shapiro (28). The QWERTY 
keyboard was purposely designed to be as slow as possible in 
order to prevent the old mechanical typewriters from jamming. 
The Dvorak keyboard, designed to be as fast as possible, was 
first introduced in the 1930s. See David (15). 

40Farrell and Saloner (19), Katz and Shapiro (29) 

41In the U.S. Senate, the "Voluntary Standards and Accreditation 
Act of 1977" was proposed to establish a National Management 
Standards Board to manage and coordinate all standards setting 
activities and to provide a single set of standards recognized 
by the public and private sectors. And in 1978, the Federal 
Trade Commission actively sought authority over standards 
writing and certification. Neither initiative was successful. 

42The European EUREKA program, for example, supports pre-
competitive pan-European research and development on standards 
in HDTV. 

43There are a few exceptions to this generalization such as Dybvig 
and Spatt (17) and Young (49). 

44Crane (14), Pelkmans and Beuter (37) 
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45See the literature on the "economic" theory of regulation as 
represented by the work of Peltzman (38) and Stigler (47). 

46Berg (4) 

47In some cases, standards can provoke obvious antitrust claims. 
Examples include the Radiant Burners, Standard Sanitary, ASME 
Water Valve, and Trenton Potteries cases. See Schenefield (43). 
These are invariably cases of the anticompetitive use of quality 
standards rather Chan compatibility standards, however. The best 
known violation of the antitrust laws via compatibility 
standards is probably U.S. v. American Telephone and Telegraph  
Company, et.al. in which AT&T was charged with falsely claiming 
that other producers' equipment would be incompatible with the 
telephone network unless rendered compatible by an "interface 
device" that only AT&T sold. This was one of the issues that led 
to the ultimately brakeup of the company in 1984. 

48Braunstein and White (7), Farrell and Saloner (20,21), Ordover 
and Willig (36) 

49Areeda and Turner (2), Easterbrook (18) 

50Bartkus (3), Ordover and Willig (36) 

51Adams and Brock (1), Bartkus (3), Braunstein and White (7), 
Ordover and Willig (36) 
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