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Abstract

Diffusion of many successful communication technologies, like
telephony and television technology, follows an almost perfect
S-shaped curve. This curve implies that, after their introduction,
subsequent sales of products on the basis of these technologies
can be predicted accurately. However, the diffusion of other
breakthroughs in communication technologies, like interactive
television, videotelephony or broadband mobile communication
technology, shows a more erratic pattern. Introduction of these
technologies is often postponed or, once introduced, they are
quickly withdrawn from the market after the first disappointing
results. Rather than distinguishing alternative patterns, this
article shows that the S-shaped curve and the more erratic
patterns represent subsequent phases in one pattern of
development and diffusion of breakthrough communication
technologies. Three phases are distinguished in this pattern.
Managerial implications of the differences between these
phases are discussed. the paper shows that a company trying to
introduce a new communication technology has to adopt
different strategies in each phase.
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Introduction

The pattern of development and diffusion of several

breakthrough communication technologies are

analyzed in this article. From the perspective of a

company trying to introduce such a technology, it is

of vital importance to understand this pattern. In

practice, the postponed introduction of universal

mobile telecommunications system (UMTS)

mobile communication services in diverse countries

shows that large telecommunications providers

have difficulties in understanding this pattern and

adapting their strategies to it. In general, many

pioneers trying to introduce a breakthrough

technology have had similar difficulties and

therefore have left the market (Olleros, 1986).

Breakthrough technologies are characterized by

a discontinuous advance in technology and by the

emergence of newmarkets (Garcia and Calantone,

2002)[1]. The discontinuous advance in

technology means that attainable price/

performance ratios are altered dramatically, or that

new kinds of performance are possible (Tushman

and Anderson, 1986). The emergence of new

markets means that, rather than just substituting

technologies in existing markets, new

combinations of actors on the supply and the

demand side of the market are formed during the

process of development and diffusion. Telegraphy,

telephony, television, and mobile communication

technology are considered breakthrough

communication technologies. At the time of their

invention, they supported entirely new ways of

communication. Diffusion of these technologies

required new infrastructures, new procedures, new

alliances between organizations, new customer

segments and so on. Along with their diffusion,

new markets emerged.

The development and diffusion of these

technologies have had important consequences for

society. In the last 150 years, new communication

technologies have changed the way in which we

communicate or exchange information.

“Technological change has placed communication

on the front lines of a social revolution” (Paisley,

1985, p. 35). We have moved from a post-

industrial into an information society (Naisbitt,

1984; Rogers, 1986; Toffler, 1980).

Communication technology has diffused into

business environments (Allen and Scott Morton,

1994) and into private households (Miles, 1988),

and both have changed radically. In the previous

century we witnessed the diffusion of telephony

and mass media such as radio and television. More

recently, we have seen the advent of mobile

telephony, personal computing and Internet

technology. These technologies are the precursors

of a new generation of communication

technologies still to come. The successful diffusion
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of the “old” communication technologies has

certainly had its influence on the expectations

regarding the diffusion of the “new” technologies,

such as broadband mobile communication.

Diffusion refers to the gradual adoption of an

innovation in a market segment or in a society.

Most empirical diffusion studies focus on the

hardware equipment of new technologies. This

means that such studies describe the rate at which

a particular product form incorporating the new

technology is adopted. The diffusion is often

depicted as an S-shaped curve indicating the

cumulative percentage of a population that adopts

a product in the course of time. The shape

illustrates the initial low number of adopters, then

the rise of the adoption rate until, finally, the

number of adopters approaches a maximum. The

rate of adoption is related to the steepness of the

diffusion curve, while the potential market is

related to the maximum height of the diffusion

curve (see Figure 1)[2].

The S-shaped curve seems to be a robust model.

When we look at the actual diffusion of the

telephone, radio, and television, for example, we

can see similar S-shaped curves (Miles, 1988;

Rogers, 1986; Williams et al., 1988).

The similarity of the actual diffusion patterns

for telephone, radio, and television seems to

indicate that predicting diffusion of new

communication technologies is straightforward

and that the the S-curve provides a perfect model.

In practice, however, expectations turn out to be

overly optimistic and of a dubious value for many

new technologies (Schnaars, 1989; Wheeler and

Shelley, 1987). In particular, several of the new

communication technologies that have been

introduced since 1970, for example Videotex[3]

(Bruce, 1988), videoconferencing (Clarke, 1990),

and interactive television (Schnaars, 1989), have

been confronted with a disappointing number of

adopters. The diffusion of some of these

communication technologies cannot be captured

in a simple S-shaped curve (Easingwood and

Lunn, 1992).

The development and diffusion of some well-

known technological breakthroughs in

communication are described in the section

entitled “Phases in the pattern of development and

diffusion of breakthrough communication

technologies”. Subsequently, the notion of the

S-curve is extended by distinguishing three phases

in the process of development and diffusion of

breakthrough technologies. Conclusions and

managerial implications for this diffusion pattern

will be presented at the end of the paper.

Before the S-curve

Wewill show that the S-curve has to be extended to

capture the pattern of development and diffusion

of breakthrough communication technologies like

the telegraph, telephone, fax, radio, and television

technology. Four aspects of these communication

technologies are described:

(1) the time a breakthrough technology is

invented;

(2) the process of technical refinement and

development of the technology;

(3) the first application of the technology in the

market; and

(4) the applications in the market that mark the

wide-scale adoption of the technology.

These aspects correspond with the four columns in

Table I. Before looking at the table the four aspects

will be defined:

Figure 1 Examples of S-shaped diffusion curves
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(1) The time a breakthrough technology is invented.

We will define the invention as the first

demonstration of a technological

breakthrough. The idea that an invention can

be unmistakenly attributed to one inventor at

a specific moment in time has been questioned

by some authors (Sahal, 1981; Agarwal and

Bayus, 2002). An illustration of their point of

view is the fact that many inventions are made

independently and almost simultaneously by

different persons. In these cases, we will give

the names of multiple inventors.

Furthermore, when an evolutionary

perspective on development of technology is

adopted, it is hard to distinguish an invention

among a line of gradual improvements in the

technology (Bassala, 2001). An invention can

be defined in various ways, ranging from the

moment an idea is presented, a patent is filed,

the principle of a technological breakthrough

is demonstrated, or the first pilot application

of a breakthrough technology is started. When

possible, the time a patent was granted, or the

time a technology was first demonstrated in

public is shown in Table I.

(2) The process of technical refinement and

development of the technology. Some hallmarks

in the development of the technology after the

invention are listed in Table I.

(3) The first applications of the technology in the

market. The (timing of) the first known

commercial applications of the breakthrough

technologies is described in Table I. A pilot in

the market without a commercial goal is not

considered to be a first application of the

technology.

(4) The applications in the market that mark the

wide-scale adoption of the technology. Although

the mainstream applications for each of the

breakthrough technologies are well-known, it

is hard to define precisely (the time of) “wide-

scale adoption”. We will, therefore, indicate in

which decade the diffusion of products, on the

basis of the breakthrough communication

technologies, increased significantly.

A first conclusion from our analysis is that the

average time from invention to the first market

introduction is between seven and ten years for

these breakthrough communication technologies.

The time from invention to the first market

introduction is seven and 16 years for the telegraph

and fax technology, respectively. For the

telephone, this time interval is either one or 14

years, depending on the question as to whether

1863 or 1876 is considered the date for the

invention of the telephone. For radio technology

this time interval is about four years and for

television technology it is either six or ten years,

depending on the question as to whether the

demonstration of a mechanical television system in

1925 or the demonstration of an electronic

television system in 1929 is considered to be the

date for the invention of television.

A second conclusion from our analysis is that it

generally takes a decade or more after the first

introduction of a communication technology into

the market before diffusion takes off. Establishing

when a technology is first introduced may be

difficult. Establishing when its diffusion takes off is

even more difficult. However, even rough

estimates of the intervals between first

introduction and a significant increase in diffusion

rates reveal that they are considerable. The

telegraph was first introduced in 1844, its diffusion

took off in the 1850s when increasing numbers of

telegraph stations were opened and telegraphy

became a public service. This shows a time interval

between introduction and diffusion take off of

more than six years. Somewhat longer time

intervals can be found for the telephone, radio and

television (at least a decade each). Diffusion of the

fax took off about a century after the first market

introduction. Fax transmission was introduced

into the market in 1863, but significant increases in

diffusion rates would last until the 1960s.

A third conclusion is that, directly after their

introduction, most of the communication

technologies are used in small-scale specific

applications. These applications are totally

different from themore wide-scale and well-known

applications. The first telephones, for example,

were used as a burglar alarm, as a toy, and as an

appliance for internal communication in

companies. Telephony was also used by the local

telegraph office in order to transfer telegrams to

clients, rather than the telegram being delivered to

the home or office. The last application seems to

have paved the way for wide-scale telephony since

lines to the telegraph office could be connected in

pairs to establish a local area telephone

conversation. In due course, the telegraph office

became a telecommunication office. Similar small-

scale applications can be found for the other

communication technologies.

Implications of these conclusions for the

pattern of development and diffusion of

breakthrough communication technologies

The fact that it takes some years after the invention

of a technology before the first product is

introduced in the market (conclusion 1) and the

fact that it takes at least an additional decade

before the diffusion of a successful communication

technology takes off (conclusion 2), does not imply

that the S-shaped diffusion curve is an

inappropriate model. It suffices to say that the
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curve generally starts about a decade after the

invention of a technology and that the curve is

stretched at the beginning of the diffusion process.

However, the fact that the first small-scale

applications of a communication technology often

differ from the later wide-scale application

(conclusion 3), has important implications. It

implies that the early stage of the diffusion process

is hardly captured in a single S-shaped curve. Each

of the small-scale applications can be described in

a separate diffusion curve. These small-scale

applications have an important role in stimulating

wide-scale diffusion of the technology.

Illustration that the S-shaped diffusion curve

is a somewhat limited model

Perhaps the best way to illustrate that the S-shaped

diffusion curve does not always capture the

diffusion pattern of a technology, is to look at

facsimile technology. The first patents for the fax

were granted in 1843, the first successful fax

transmission was completed in 1902 by Jenkins

(Coopersmith, 1993). It took a long time before

the fax technology was introduced in the market.

At first, the fax was used to transfer weather charts

to ships. Shortly afterwards, in 1911, a fax was

used to send pictures for newspapers between

Berlin, London and Paris:

Less successful were the attempts in the late 1930s
by newspapers and their radio stations to broadcast
newspapers. Enthusiasts promoted facsimile radio
receivers that could bring newsprint into homes
[. . .] (Coopersmith, 1993, p. 46).

After the first market introduction the diffusion is

characterized by periodic introduction, decline and

reintroduction into the marketplace. In fact, the

actual S-shaped diffusion pattern really began

decades later around 1960 in Japan. Around that

time the telex, an appliance by which a limited

number of alpha-numeric symbols could be

transmitted through the ether, became more

popular. Japanese, due to its large number of

symbols, was unsuited to telex relay, the fax,

however, was able to transfer all kind of signs and

therefore became very popular at that time in Japan.

Some years later, around 1970, the fax began to

diffuse into business organizations in Europe.

In summary, this paragraph shows that the

S-shaped diffusion curve is preceded by important

developments:
. The S-curve does not show the relevant

developments just after the invention of a

breakthrough communication technology.

The first products or services incorporating

the technology are invariably introduced into

the market some years after the invention.
. The S-curve does not show the erratic

patterns that can be witnessed after the first

market introduction of a product or service

incorporating the breakthrough

communication technology.

Phases in the pattern of development and
diffusion of breakthrough communication
technologies

The S-shaped diffusion model is meant to describe

the diffusion of product forms rather than

technologies (Dosi, 1982; Clark, 1985). Based on

an analysis of four cases, we developed an

extended model to describe the development and

diffusion of a breakthrough communication

technology. Three phases in this process will be

distinguished, the last of which is represented by

the well-known S-shaped curve (see Figure 2).

The beginning and the end, the average length,

and the market actors and factors that generally

play a major role, will be described for each phase.

The innovation phase

The first phase, which we will call the innovation

phase, comprises the period from invention of a

technology up to the first market introduction of a

product incorporating the technology. After the

invention, a technology is available in some

rudimentary form. In the innovation phase this

technology is transformed into a marketable

“product”[4].

The length of this phase can vary considerably.

We found periods between one (for the telephone)

and 16 years (for the fax) between invention and

market introduction for five breakthrough

communication technologies. Mansfield (1968)

claimed that the average time from invention to the

start of the commercial development process is

about ten to 15 years. From the start of this process

up to the market introduction, again, a couple of

years elapse. Utterback and Brown (1972)

estimate that, on average, this takes an additional

five to eight years. So, according to these authors

the period from invention to the first market

introduction comprises 15-23 years. Agarwal and

Bayus (2002) found an average period of 28 years

between invention and commercialization for 30

breakthrough innovations from diverse industries.

The large differences in these estimates can be

attributed to multiple factors. First, differences

can be attributed to the type of industry

(Mansfield, 1968). Commercialization takes a

relatively long period in the pharmaceutical

industry compared to the fast-moving goods

industry, for example. Second, we found

considerably different periods for technologies in

one industry. The radio, for example, was
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introduced less than four years after its invention

whereas the fax was introduced about 16 years

after its invention. Third, the length of the time

interval depends on the specific definition of

invention. We found time intervals from invention

to commercialization for the telephone that varied

from one to 14 years depending on the question as

to whether the demonstration of Reis (in 1863) or

the demonstration of Bell (in 1876) is considered

to be the date of invention of telephony.

During the innovation phase, organizations like

research institutes and universities, in many cases

co-funded by the government, play the central

role. To attract potential consumers, the reliability

and performance of the technology often has to

increase whereas the price of the technology has to

decrease. Potential applications have to be found

and new products and services have to be

developed on the basis of the technology before it

can be introduced into the market. Although in

this phase no products or services based on the

breakthrough technology will be introduced into

the market, other types of market mechanisms can

be witnessed. In this phase, a good position in the

market of supply and demand for reseach funds

and researchers is essential for success.

The market adaptation phase

The second phase, referred to as the market

adaptation phase, begins after the first market

introduction of a product on the basis of the

breakthrough technology and ends when the

diffusion of this product takes off. After the first

introduction, instead of a smooth S-curve, in

practice an erratic process of diffusion may occur.

In this situation the market is unstable and, as

Clark (1985) puts it, in a “fluid state”. The

diffusion is characterized by periodic introduction,

decline and re-introduction of multiple products in

multiple small-scale applications. Such a pattern is

not uncommon for communication technologies

(Carey and Moss, 1985).

We estimated that this phase comprises more

than a decade for the five breakthrough

communication technologies. An extended period

is also found for other technologies (Mansfield,

1968; Utterback and Brown, 1972):

A review of past forecasts for video recorders and
microwave ovens illustrates the length of time
required for even the most successful innovations
to diffuse through a mass market [. . .]. Both took
more than twenty years to catch fire in a large
market (Schnaars, 1989, p. 120).

Most innovations, in fact, diffuse at a surprisingly
slow rate (Rogers, 1983, p. 7).

Agarwal and Bayus (2002) indicate that this phase,

on average, lasted 18.7 years for breakthrough

technologies invented before the Second World

War.

Companies try to establish a standard with their

product during the market adaptation phase, and

competition may become intense. The wide-scale

diffusion of a breakthrough communication

technology, however, requires coordination in the

market among competitors, potential consumers,

producers of complementary products or services

and suppliers. In practice, this cooperation is

hampered by the chicken-and-egg problem.

Suppliers of complementary products and services

demand a critical mass of users before they

consider entering the market, yet these suppliers

are desperately needed to establish this critical

mass of users in the first place. Finally, since the

technology quickly develops during this phase, and

since dominant market applications have not yet

been discovered, technology standards and

dominant product designs mostly still have to be

established, which means that this phase tends to

have a fierce and rather Darwinistic character. In

the struggle to produce the fittest products and

Figure 2 Three phases in the diffusion process
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services, many companies become extinct

(Olleros, 1986).

The market stabilization phase

The third phase, referred to as the market

stabilization phase, begins when the diffusion of a

product on the basis of the breakthrough

communication technology takes off and ends

when the technology is substituted. Clark (1985)

refers to this phase as a more or less rigid state. The

rigidity refers to the fact that dominant product

designs and applications emerge from the second

phase. In this third phase, diffusion of a product

form may be depicted in a single diffusion curve,

which mostly resembles an S-curve when

cumulative adoption is depicted in the course of

time. Different curves have been found (e.g. Rink

and Swan, 1979; Tellis and Crawford, 1981), but

in these cases no phases were distinguished in the

diffusion pattern, which means that some of the

divergent patterns may be attributed to the fact

that the diffusion was still in the market adaptation

phase.

The diffusion of the five breakthrough

technologies, i.e. television, radio and telephone

technology, is still continuing. While for the

telegraph and the fax, the period from the take-off

to substitution took about 100 and 30 years

respectively. The length of this period, also

referred to as the technology life cycle, can vary

from a couple of years up to centuries (Jain, 1985).

More or less standard strategies can be pursued

in the market stabilization phase. During this

phase, companies strive for typical goals like a large

market share, large profits and so on. During the

market stabilization phase the technology and

resulting products and services will be improved

constantly, although the dominant design will

essentially remain the same. Several features were

added to the television during the market

stabilization phase, for example, that in due course

became part of the standard product (Thölke,

1998). Color televisions replaced black-and-white

sets, teletext was added, televisions became

portable, and, to attain economies of scale yet

remain flexible, modular product designs or

product platforms can be formed. Companies can

also strive to intensify the use of a product in

existing markets and thereby increase market

potential. The time that the market potential for

television was formed by the number of consumer

households is long past, currently, television sets

are commonly installed in each room of a home, in

cars, in caravans and boats, in hospitals and so on.

So, the level of the market potential has shifted

considerably during themarket stabilization phase.

Companies also segment the market and offer

differentiated products for each segment.

Some of the general differences between the

three subsequent phases in the process of

development and diffusion of breakthrough

communication technologies are summarized in

Table II. The first row indicates the beginning and

the end of each phase. The second row lists some

findings regarding the length of each phase. In the

third and fourth row, the typical kind of market

actors and factors as well as typical market

mechanisms in each phase, are described.

Conclusions and managerial implications

After investigating the pattern of development and

diffusion of five breakthrough communication

technologies, we conclude that the well-known

S-shaped diffusion curve in fact represents just one

phase of this pattern. Three phases are

distinguished in this pattern. First, the innovation

phase covers the period from the invention of a

breakthrough communication technology up to

the first market introduction of a product on the

basis of the technology. In this phase, which lasts

about a decade, the technology is turned into a

marketable product. Second, the market

adaptation phase comprises the period from the

first market introduction up to the point where the

diffusion takes off. This phase, also lasting about a

decade, often shows an erratic pattern of diffusion

with the introduction, withdrawal and

re-introduction of various products on the basis of

the breakthrough technology. Third, the market

stabilization phase begins when a dominant

product design, i.e. a basic product form that turns

out to be the standard for several years, emerges

and the diffusion of this product takes off. The

third phase ends when the product based on the

breakthrough technology is substituted and sales

drop.

In the introduction we stated that the patterns

of development and diffusion of several new

communication technologies like Videotex,

videoconferencing, and interactive television are

difficult to capture in a simple S-shaped curve.

These patterns diverge considerably from the

S-shaped patterns of diffusion of some of the older

communication technologies like the telegraph,

telephone, fax, radio, and television technology. At

first sight these results imply that different patterns

have to be distinguished for different types of

communication technologies. This article shows,

however, that the S-shaped pattern of diffusion of

the old technologies is preceded by similar erratic

patterns of diffusion. The divergent diffusion

patterns of the newer communication technologies

are therefore attributed to the fact that these
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technologies are in the market adaptation instead

of the market stabilization phase.

The idea that the development and diffusion of

breakthrough communication technologies follows

a pattern with three distinct phases rather than a

single S-shaped curve has important management

implications.

The findings indicate that commercializing a

breakthrough communication technology is a

matter of long endurance. The time from the

invention of such a technology up to the point

where diffusion of the technology takes off, on

average covers about two decades. An implication

of this finding is that small companies, which

essentially focus on one technology, may be

confronted with cash-flow problems during this

period. Large companies and governmentally

subsidized organizations may be in a better

position to survive this period.

The findings also indicate that two distinct

phases can be distinguished before the diffusion of

a product based on a breakthrough technology

takes off. The fact that these phases differ from the

S-shaped diffusion curve has important

managerial implications. Different market actors

and factors, and different market mechanisms in

each phase require different strategies on behalf of

the companies trying to commercialize a

breakthrough communication technology.

Suppose that an invention results from a basic

research project in a large company. Such a

research and development (R&D) project, which is

often mono-disciplinary, is confronted with two

intra-company market mechanisms: supply and

demand for top researchers and supply and

demand for research budgets. The invention in

many cases heralds a period of new funds. Instead

of continuing the research activities, a switch is

required to start up innovation activities. The

latter type of activity usually requires multi-

disciplinary cooperation among various actors

outside the R&D department of a company. For

smaller companies, a similar switch of activities is

required. In the pharmaceutical industry, for

example, many small biotechnology research

companies look for an alliance with a large

company to commercialize an invention or novel

drug. After the invention, project members from

more disciplines are required to develop the new

drug and to organize the required safety trials

before the drug is accepted for commercial use. So,

after the invention, when the innovation phase

begins, a switch is required in the strategy.

Similar switches in strategy are required during

the transition from the innovation to the market

adaptation phase and finally to the market

stabilization phase. These findings indicate that it

is important to establish the position of the

Table II Differences between the three subsequent phases in the process of development and diffusion of breakthrough communication technologies

Phase

Characteristics Innovation phase Market adaptation phase

Market stabilization phase

(the S-shaped pattern)

Begin and end of the phase From invention of a technology up to the

first market introduction of a product

incorporating the technology

Begins after the first market introduction of

a product on the basis of the breakthrough

technology and ends when the diffusion of

this product takes off

Begins when the diffusion of a product on

the basis of the breakthrough

communication technology takes off and

ends when the technology is substituted

Length of the phase Length can vary considerably (one to 30

years), but on average comprises seven to

ten years

Length can vary considerably, but mostly

comprises a decade or more

Length coincides with the life cycle of a

product category

Market actors and factors

in the phase

Individual inventors and entrepreneurs,

R&D institutes, universities, and

governments (in the role of provider of

research funds)

Potential competitors working on the same

type of product-technology. Innovative

consumers and lead users. Market actors

with products and services that are

complementary to the technology.

Government in the role of lead user or

regulator

Early adopters up to the late majority of

consumers, competitors of the same

product or service, suppliers and

organizations providing complementary

products, and services

Market mechanisms Supply and demand for research funds and

excellent researchers

Substitution of alternative product

technologies

Chicken-and-egg problem

Critical mass effects

Finding the best product-market

combinations on the basis of the

technology

Establish or reinforce standards

Supply and demand for complementary

products and services

Product life cycle mechanisms

Gradual substitution by new product

technologies
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technology in the pattern of development and

diffusion and that strategies should be tailored to

this position.

The differences between the market adaptation

and market stabilization phase also have important

managerial implications. One of these implications

is the different scale and approach to production

and marketing that is required in the market

adaptation and market stabilization phase. When a

product is introduced in the market stabilization

phase, once a critical mass of users is attained,

companies typically try to attain a large market

share by striving for large-scale production and

marketing. In this scenario, these companies try to

establish economies of scale in production and

marketing and to attain a dominant position.

However, when a product is introduced during the

market adaptation phase, the introduction

probably marks the beginning of an erratic pattern

of introduction, withdrawal and subsequent

re-introduction of the technology. In this scenario,

a strategy of large-scale production and marketing

may have dramatic results for a company. Cooper

and Smith (1997) describe an example of a

company that built a large, fully-automated plant

to produce germanium transistors at the time

when silicon transistors became the standard.

There is a large risk of betting on the wrong

standard when a company starts large-scale

production during the market adaptation phase.

Rather than striving for scale, in this scenario a

company should strive for a quick learning process

to establish mainstream applications and

dominant product designs in the market and to

keep pace with technological developments. A

learning strategy requires small-scale and flexible

ways of production and marketing, enabling

prompt reactions (i.e. new products) to market

and technological developments (Sanchez and

Sudharshan, 1992; Lynn et al., 1996).

Another implication of the differences between

the market adaptation and market stabilization

phase is that different types of alliances should be

sought in each phase. In the market adaptation

phase the main concern is to establish a market for

a new product category on the basis of a

breakthrough technology. In many cases

establishing a new market means that an existing

market with well-known products, alliances among

market actors, and habits among consumers, has

to be changed or even replaced by this newmarket.

Therefore, to establish this new market, efforts are

united among potential competitors and

companies of complementary products and

services. An example of this type of cooperation is

described by Bijker (1992). The electricity utilities

and General Electric, an incandescent light bulb

producer, formed an alliance during the 1930s in

the USA. In a united effort, both companies tried

to develop the market for electric lightning.

However, when the market for electric lightning

grew, and different types of lightning were

developed (e.g. the fluorescent lamp) the

cooperation was stopped since the interests of the

light bulb producers, i.e. to develop and sell energy

efficient lamps, no longer coincided with the

interests of the electric utilities that wanted to

supply more electricity. So, during the innovation

and market adaptation phase many pre-

competitive alliances are established in an effort to

establish a new market. Yet, when the market is

there, the goal is to strive for market share at the

expense of direct competitors and previous

alliances are often abandoned and replaced by

other types of alliances.

The erratic pattern of the market adaptation

phase has an important managerial implication: it

makes it difficult to predict the market potential of

products based on breakthrough technologies.

Standard market analysis techniques, categorized

as consumer analysis, expert analysis and data

analysis (Armstrong, 2001; Taschner, 1999) are

generally considered to be unreliable for assessing

the market potential of major product innovations

based on breakthrough technologies (Christensen,

1997; Lynn et al., 1986; Ortt, 1998; Ortt and

Schoormans, 1993; Tauber, 1974; Veryzer, 1998).

Consumer research requires that potential

consumers are willing and able to evaluate

(concepts of) the product on the basis of a

breakthrough technology. In many cases they are

not able to do so since they do not understand the

product and its consequences for their daily life.

Expert analysis and data analysis have in common

that they are based on information from the past

that can somehow be extrapolated. In the market

adaptation phase especially this is rarely the case.

To put it differently: that the market adaptation

phase will occur may be predictable to some

extent, but how it will occur and what will be the

result, is less predictable.

Finally two questions remain:

(1) Do breakthrough communication

technologies always diffuse in the same

pattern?

(2) When do the findings from this article apply?

This article has shown that many breakthrough

communication technologies develop and diffuse

in a similar pattern. In some cases, the phases of

the diffusion process can have quite different

lengths, or phases can even be omitted. Once a

breakthrough communication technology can be

applied in an existing infrastructure and can

benefit from prevailing procedures, organizations

and so on, it can be hypothesized that the period

from invention up to wide-scale diffusion of this
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technology will be relatively short compared to a

breakthrough technology that requires new

infrastructures, procedures and organizations.

While with a technological breakthrough that can

build on a previous dominant product design, like

the transistor that replaced vacuum tubes in

radios, it can be hypothesized that the market

adaptation phase will probably be relatively short

or non-existent. So, the three-stage pattern is a

general pattern in which numerous variations can

be expected.

The findings in this article particularly apply

when the:
. technological change represents a

technological breakthrough;
. technology can be incorporated in multiple

product forms, which can be considered major

innovations from the perspective of potential

consumers;
. technology can be applied in multiple market

applications; and
. diffusion has to cope with considerable

externalities, such as a network, in the case of

telecommunication appliances.

In conclusion, we think that the three-stage

process of development and diffusion of

breakthrough technologies explains many

controversies with regard to diffusion. This process

has important managerial implications for

companies that want to introduce breakthrough

communication technologies in the market.

Notes

1 Garcia and Calantone (2002) define different types of
innovations rather than technologies.

2 Some products are adopted by a household, e.g. the first
telephones, while other products are adopted by an
individual, e.g. the mobile phone. So the “adopter” may
refer to different units. The potential market refers to the
maximum number of adopters that can reasonably be
expected. In some cases the potential market for a product
in a country is considerably smaller than the number of
individuals or households in that country. That is the case
if many of these individuals or households will for some
reason never adopt the product.

3 Videotex is an interactive information and shopping
service which can be used by connecting a small terminal
with the ordinary telephone infrastructure. Videotex was
invented around 1973.

4 The difference between invention and innovation is
described by several authors (e.g. Dosi, 1982; Mansfield,
1968; Utterback and Brown, 1972; Weiss and Birnbaum,
1989). The basic difference is that an invention is just an
idea in some form, a sketch, a model or a kind of
prototype, while an innovation is something that is
actually marketable. In specific cases the distinction may
prove somewhat fuzzy, we therefore decided to combine
the activities of invention and innovation in one phase: the
innovation phase.
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