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e s 00 Pregnancy makes expectant
parents nervous. Much medical technol-
ogy plays to their anxiety and medical
needs. Since my wife and | have recently
gone through this for a second time, |
know something about it, and she fills in
the holes in my knowledge when | ask.
(She's a physician.)

New medical technologies let expec-
tant parents and their doctors probe,
record, and investigate many details
about an unborn child’s ultrasound has
received much attention from commen-
tators. In practice, most expectant par-
ents see only the tip of the technological
iceberg during an ultrasound exam. Here,
| consider only that tip. More to the point,
ultrasound technology motivates my dis-
cussion about technological convergence.

Convergence and markets

Two products converge in substitutes
when users consider the products to be
interchangeable. This happens when a
product develops features increasingly
similar those of other preducts. It also
occurs when users put together common
components to perform functions already
performed by existing products.

Two products converge in comple-
ments when they increasingly work
together better than they worked alone.
This occurs when different firms develop
products or subsystems within a product
that forms a larger system. The system’s
output can potentially exceed output from
the sum of the parts.

A modern PC performs most of a type-
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writer’s functions. A modern cell phone
performs most of the same functions as
a landline phone. At a simple functional
level they are examples of convergence
in substitutes.

Modern medical imaging equipment,
such as an ultrasound or CT $canner,
combines advanced processing capabili-
ties with traditional sensor devices. This
marriage of capabilities provides an exam-
ple of convergence in complements.

Convergence in complements is often
associated with the creation of new capa-
bilities. Yet, rarely is such creation not
associated with at least some: conver-
gence in substitutes. For example, the
increasing replacement of the X ray by the
CT scanner is an example of convergence
in substitutes. At the same time, the CT
scanner evolved so as to permit many
functions previously unobtainable with
even the best X-ray technology.

in most markets. convergence is diffi-
cult to date because there is always
unavoidable ambiguity about the feasibil-
ity of specific products at a particular price
at any given time. In addition, these prod-
ucts often are technically complex; so
they produce an inherent ambiguity about
what users know and when they Know it.
Similar issues arise in dating progress in
the diffusion of new innovations through
their life cycles. As such, the issues are
not unique to convergence.

System and market levels
Convergence may occur simultane-
ously at the functional and system levels.

When technologies converge

In a particular instance; convergence may
be construed as.convergence in comple-
ments at one level of analysis and, equal-
ly appropriately, as convergence .in
substitutes at a different level. For.exam-
ple, an operating system (say, Windows)
may be a complement to a particular hard-
ware platform (say, an Intel x86. chip),
together performing the functions of a
server. At the system level, different com-
binations of operating systems and hard-
ware may also perform similar server
functions. Hence, ‘the Wintel-based
servers converge with servers using-older
operating systems such as mainframes.

In a “network of networks” system
such as those linked by Internet proto-
cols, convergence typically occurs over
time due to-the actions of different deci-
sion makers. This happens because the
necessary scope and breadth of techni-
cal and market expertise are widely dis-
persed among firms and users, raising
the possibility of initiatives for technolog-
ical or market convergence from many
corners.

For example, the Internet was first
used primarily for electronic mail and later
for World Wide Wep applications. The first
developers and users of these capabili-
ties were academics and researchers.
Developments in. commercial applica-
tions, which exploded with the Internet’s
privatization by the US National Science
Foundation, came from different sources
and were aimed at nontechnical users.
These new capabilities replaced some old
communication methods and also offered
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new channels for communicating. Faxing,
broadcasting, and telephony using Inter-
net protocols came: later, -building new
capabilities onto the'larger system.
Since market and technological risks
in any technically evolving market are
already high, particularly when capabilities
are widely dispersed in a network of net-
works, there is an open question over
whether convergence in a network of net-
works raises any additional strategic and
managerial issues. In this respect, one
factor seems particularly salient: conver-
gence in complements on a network of
networks can lead to significant disconti-
nuities in the competition for delivery of
and how we evaluate the relative perfor-

mance of traditional products. This arises

due to the emergence of new capabulltles
having little precedent.

Discontinuous change alone is not
unusual in a market for technically com-
plex-goods. However, such discontinuity

might arise due to initiatives from many

providers of complementary goods. This
would then feed the perception among
established companies that markeéts can
change rapidly for unanticipated reasons.
This is a market risk ‘that cannot be
reduced significantly. At best, manage-
ment can be alert to changes in external
conditions by making strategic invest-
ments in information gathering, in tools

for tracking market and technological

trends, and in flexible organizational struc-
tures. That does not, however, eliminate
the risk that-a garage entrepreneur may
invent a piece of software that will oblit-
erate an established firm.

More than technological
determinism
As noted, convergence may arise, in
part, due to changes in key technological
~constraints. These could be increases in
computing capabilities, reduced cost of
data transmission, and technical improve-
ments of integrated circuits. As shorthand
for describing convergence at a system
level and for making predictions: about
market developments, analysts often
make a sweeping generalization and
ascribe causation for convergence to a
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This shorthand can carelessly become
an incomplete theory of convergence
with strong elements of technological
determinism. The development of new
technical opportunities must play a role in
any analysis of the computer industry’s
history. For example, the development of
technological opportunitiés cannot pro-

vide, by itself, much of an explanation for

changes in a firm's behavior, changes in
buyer choices of vendors, and changes in
the locus-of profitable opportunities.

A subtler problem with technological
deterministic arguments is that they may

also fail to point at nontechnical bottle-

necks to further developments. For exam-
ple, many worldwide communications
and broadcasting systems involve signif-
icant government regulation of partially or
wholly monopolizéd ‘communications
markets. This means that the rate and
direction of convergence in networking

g parts ﬁmgo into convergence.

applications often depends on critical gov-
ernment decisions. The historical emer-
gence of convergence in complements in
wireless technology in the United States
depended on rules governing the devel-
opment of analog cellular and digital wire-
less applications over the publicly
governed spectrum. Similarly, conver-
gence in substitutes in alternative modes
of voice transmission depended on rules
opening market segments, such as long-
distance telephony, to entrants using
technologies other than traditional land-
line-based facilities.

The next time you hear about conver-
gence, consider carefully. Is it about
putting things together or about replacing
the old with the new? Is it about a single
product or about sweeping changes to an
entire system or market? Focusing on the
Questions’ scope and precision will help

you .understand the market factors that

organize the evolution of change.
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