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A COMMON mistake in assessing an organization’s technological base is narrowing the review Sloan
to matters of technical competence. This article presents a step-by-step guide that leads the man- Management
ager through all four components of the technological base: technological assets, organizational Review
assets, external assets, and project management. Case studies of organizations in the defense
industry illustrate how two companies’ strategies for moving into a new business were shaped 2 5
by the strengths and weaknesses of their respective technological bases.

Fall 1990

g N ORGANIZATION cannot gccomplish its stra-
tegic and operational goals without an ade-
quate technological base —that is, techno-
logical know-how and the organizational levers for
effectively building and deploying that know-how.
* When IBM decided to enter the personal com-
puter business, its technological base was well suited
to the task; it had skilled computer and electronics
people and strong values regarding technology, qual-
ity, service, and customer orientation. However,
IBM decided that it did not have the appropriate
organizational structure for the new product line.
An effective PC business would need to be much
more agile than most of IBM’s core businesses. So
IBM structured the new division as an Indepen-
dent Business Unit, more autonomous than most
of IBM’s divisions. This allowed the unit to de-
velop their PC exceptionally fast and win market
share.
* When Swiss watchmakers faced the introduc-
tion of digital watches by American and Japanese
companies in the early 1970s, most discovered only
belatedly that they were not prepared for the new
electronic era. Most Swiss watch companies knew
very little about the technology of either integrated
circuits or digital displays, and they had neither
the right organizational structure for developing
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electronic devices nor the appropriate project
management processes and decision-making proce-
dures to deal with the much faster pace of techni-
cal, product, and market change. Not only were
they unprepared, but most managers did not even
realize it. The world preeminence of the Swiss
watchmaking companies was destroyed.

As these examples show, whether a company is
contemplating a strategic change or just evaluat-
ing the implementation of existing strategy, it must
thoroughly assess the strengths and weaknesses of
its technological base. But what are the elements
that need to be considered in conducting this as-
sessment? We know how to assess the financial
strength of an organization, as represented by cash
flow, lines of credit, equity, and so forth. We know,
similarly, how to assess its marketing, manufactur-
ing, and human resource capabilities. Managers
should be able to define and evaluate their organi-
zation’s technological base in an equally rigorous
way. Unfortunately, the assessment of this tech-
nological base is too often limited to a review of
the patent position, the investment in leading-edge
technologies, or some other equally narrow area.
Managers need a framework for assessing the much
broader question of how well their organizations
are positioned to derive competitive advantage from
technology.

In this article, we will define the elements of an
organization's technological base and identify some
key managerial issues for evaluating it.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



Four Dimensions of the
Technological Base

The purpose of assessing an organization’s tech-

nological base is to determine its ability to develop

new products that meet current market needs, to

manufacture these products using the appropriate

process technologies, to develop or adapt new prod-

uct and process technologies to meet projected fu-

ture needs, and to respond promptly to unexpected

technology moves by competitors and to unforeseen

) opportunities. This functional definition of the

Technolo glcal technological base implies that in addition to evalu-

Base ating the organization’s current products, processes,
and projects, managers should consider whether

2 6 the organization is technologically equipped to meet

its stated future strategic objectives,' and further,

Adler whether the organization is technologically strong

& Shenhar enough to create new opportunities for itself and

to respond to the opportunities and threats created
by its environment and its competitors.

What kinds of questions should managers ask
themselves as they attempt to assess their own or-
ganizations' technology base? Our framework
groups the elements of this assessment into four
dimensions, each contributing to the organization’s
technological capability in a different way (see Fig-
ure 1):

Figure 1 Dimensions of the Technological Base
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¢ Technological Assets. These are the most im-
mediately visible elements of the technological
base —the set of reproducible capabilities in prod-
uct, process, and support areas. Technological as-
sets can be more or less reliably reproduced; the
other elements are, by contrast, fundamentally rela-
tional, which makes them much more difficult to
replicate.

e Organizational Assets. These are the resources
that enable the business to develop and deploy the
technological assets, specifically: the skill profile of
employees and managers, the procedures for get-
ting things done, the organizational structure, the
strategies that guide action, and the culture that
shapes shared assumptions and values.

¢ External Assets. These are the relations that
the firm establishes with current and potential al-
lies, rivals, suppliers, customers, political actors, and
local communities.

¢ Projects. These are the means by which tech-
nological, organizational, and external assets
are both deployed and transformed. Projects
should be considered part of the technology base
insofar as the organization’s modus operandi is a
learned behavioral pattern that can contribute to
or detract from technological and business per-
formance.

To illustrate these dimensions and to identify
some of the key managerial issues involved in each,
we will use as examples two companies we have
studied in the defense industry—we will call them
Electro Corporation and Munitions Corporation.
Both decided, at about the same time, to enter the
missile (guided weapons) business. But they had
quite different technological bases, and therefore
had to adopt quite different strategic approaches
to their entry into this sophisticated business.
¢ Electro Corporation was previously focused on
military computers, communication, command and
control, and avionics. Most of its work was sub-
contracted from other weapons systems houses,
and most of its products were electronics sub-
systems. It had developed a good reputation for
rapid adjustment to changes in customer needs,
and for many years had been a leader in military
computer technology. Its R&D was strong in all
aspects of advanced electronics, integrated circuits,
VLS], and computer peripheral equipment design.
Electro managers were highly competent techni-
cally, proud of their company’s technological leader-
ship and its ability to forecast technological changes.
The management team felt, however, that their
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business was headed toward saturation because at-
tractive growth prospects were leading to greatly
intensified competition.

® Munitions Corporation designed and produced
ammunition, shells, bombs, gunnery, and related
material, and marketed turn-key products domes-
tically and overseas. It had an excellent record in
efficiency, quality, and safety. It had also developed
good relationships with its military customers and
extensive experience in the effective use of test fields
and ranges. Munitions managers were generally
more conservative and older than their counter-
parts in Electro. They believed in slow and steady
growth and were not used to frequent changes in
products or technology. They recognized, however,
that world trends were moving away from substan-
tial increases in most countries’ materiel invento-
ries. And they knew that advanced generations of
their products would have to incorporate new guid-
ance systems.

Each company undertook a careful assessment
of the strengths and weaknesses of its technologi-
cal base as part of its decision to move into the
missile business. We shall use their assessments to
illustrate the key issues.

Technological Assets

‘Technological assets are the specific technologies
in which the organization can claim competence.
* Electro Corporation had extensive experience
in computers, electronics, airborne radar, commu-
nication, command and control, and microwave
technology. It quickly identified new advances in
these areas and regularly tested new generation
components. Almost all of its new products incor-
porated state-of-the-art technologies. However,
Electro lacked experience and knowledge in guid-
ance technology, optical sensors, missile structures
and packaging, and trajectory simulation. Although
most of these technologies were evolving somewhat
more slowly than Electro’s previous core tech-
nology—electronics—many of them were com-
pletely new to Electro's engineers.

® Munitions Corporation had excellent mechan-
ical design capabilities. Its personnel had solid ex-
perience in packaging, thermal protection, and
simulation, and some experience with aeronauti-
cal technologies. Munitions had developed these
core technologies over many years, through a steady
process of slow refinement. It had accumulated
some valuable trade secrets. Because Munitions was

a military contractor, these techniques had never
been patented, but were instead used to buttress
the distinctive strength of Munitions’s products,
giving them a reputation for being well designed,
reliable, easy to use, and continually refined. Mu-
nitions lacked expertise, however, in the rapidly
changing technologies of computers, electronics,
sensors, radar, and microwaves. If these were pres-
ent in their products at all, they were left to sub-
contractors. Moving into the guided weapons do-
main would require some in-house capability in
these electronics-related areas.

Both Electro and Munitions had some of the
key technologies that their new business demanded
but lacked others. A more detailed assessment of
an organization’s technological assets should encom-
pass all three main activity areas: product, process,
and support technologies. (An even more refined
breakdown can be based on the value chain: Com-
panies can evaluate their technological strengths
and weaknesses in inbound logistics, operations,
outbound logistics, marketing, sales and service,
as well as in cross-cutting areas such as procure-
ment, technology development, human resources,
and the firm’s management and information infra-
structure.2) While the relative importance of each
area will depend on the firm’s strategy and com-
petitive situation, there is almost always enough
synergy, both positive and negative, across the areas
to make a commitment to their joint strategic
management a good investment.

The first step is therefore to develop a list or “map”
of the relevant technologies.® Sometimes this is easy
and obvious, but in more diversified businesses,
mapping confronts two challenges. First, the or-
ganization must find an appropriate way to clas-
sify the hundreds and sometimes thousands of
discrete technologies. Organizing the various
technologies into clusters makes them more man-
ageable. Second, and more difficult, is the chal-
lenge of identifying the right dimensions along
which to aggregate. The best mapping is rarely that
given by the academic disciplines (mechanical versus
electrical, etc.) or by the organizational chart (hard-
ware versus software, etc.). It typically takes sev-
eral iterations before the organization develops a
technology map that is neither too detailed nor
too aggregated, and neither too functional nor too
product oriented. But these iterations are extremely
valuable not only for the map they produce but
also for the common understanding and vocabu-
lary that they create between technologists and
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managers.*

One dimension of aggregation that has proven
particularly useful is the distinction between base,
key, pacing, and emergent technologies. Base tech-
nologies are those that are common to everyone
in the industry, but that do not provide any com-
petitive advantage because all the industry players
have equal access to them. Key technologies can
provide competitive advantage in the current state
of the industry. Pacing technologies are those that,
while not currently deployed in the industry, can
reasonably be assumed to have the potential to dis-
place one of the key or base technologies. And
emerging technologies are on the horizon, as yet
unproven, but potentially important.® The impor-
tance of pacing and emerging technologies should
not be underestimated: It is vitally important not
to restrict the assessment to technologies in which
the organization is currently active. It is tempting
to think that technology assets can be managed
from the bottom up—through the use of clever
methodologies for selecting the most promising
projects among those proposed by the technolo-
gists. But the most strategically significant technol-
ogies might be ones for which the organization
is not currently generating any proposals.

Having classified the technological assets in a
meaningful way, the organization can now evalu-
ate them. Most obviously, this means assessing tech-
nological strengths and weaknesses relative to both
the external world (current and potential compe-
titors) and to the relevant evolving technological
frontiers.® The business can then estimate how rap-
idly it might overcome its weaknesses and buttress
its strengths. In some industries (such as chemi-
cals), patents are a powerful competitive factor, and
the assessment must consider the firm’s relative pat-
ent position. In addition, the organization needs
to evaluate its ability to deal with opportunities
and threats associated with new technologies and
emerging areas of technological fusion.” The result-
ing map of the organization’s technological
strengths, weaknesses, opportunities, and threats
should be related to the firm's current and projected
product portfolio. There may be imbalances be-
tween the technological strengths and the product
market opportunities.

Organizational Assets

The organizational dimension of the technologi-

cal base can be broken down into five key elements:
skills, procedures, structure, strategy, and culture ®

Skills

Possibly the single most important element in the
technology base is the organization’s mix of tech-
nical and technology management skills. The or-
ganization “knows” only what its employees and
managers have learned, not what is stored in its
computer files.

¢ Electro Corporation had excellent electrical en-
gineers, computer scientists, and software engineers.
These engineers were usually young and recently
recruited from the best schools—the kind of em-
ployees typically encountered in high-tech com-
puter industries. They maintained strong contacts
with their colleagues in other firms and were fa-
miliar with the most recent developments in the
electronics and computer world. But Electro lacked
the aeronautical engineers, physicists, and missile
systems engineers necessary to achieve its ambi-
tions in the guided weapons field. Excellent en-
gineers in these domains were often difficult to find.
Their skills were usually developed over many years
of working for the same company and, as a result,
were profoundly shaped by the specific projects they
had worked on. The right skills for Electro’s new
thrust were not readily available.

¢ Munitions Corporation had first-rate mechan-
ical, acronautical, and chemical engineers. Most
of them, like their managers, were older than their
counterparts at Electro, and they had typically been
with Munitions for most of their career, progres-
sively refining their skills through experience with
Munitions’s products. But Munitions lacked elec-
tronics, computers, radar, and microwave engineers.
Young and often nonconformist, such engineers
were scarce among Munitions’s workforce. Mu-
nitions managers didn’t even share a common lan-
guage with such people, making it more difficult
to interview them, evaluate their skills, and inte-
grate them into their project groups. (This issue
resurfaces in our discussion of culture.) Both com-
panies lacked people with the appropriate systems
integration and project management skills. Elec-
tro had experience with neither large-scale systems
nor the associated project complexity; Munitions
had no experience with the advanced development
projects that incorporate substantial technological
uncertainty. The systems integration and project
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management skills that both companies would need
could be acquired only through years of experience
in the relevant types of projects. Moreover, proj-
ect managers and systems engineers who work on
large projects tend to stay within one company for
most of their careers since there are many firm-
specific aspects to their task. Both companies thus
found it difficult to locate and recruit the needed
systems engineers and project managers; both
lacked experience in the in-house development of
such skills.

To assess its skills, an organization must make
a detailed comparison of the skills in place and the
skills required for the whole range of current and
future business and technological challenges. This
assessment should encompass the skills of engineers
and scientists, as well as technicians and non-
technical personnel. Clearly, this map bears a close
resemblance to the technological assets map, but
there may be equipment in place that is not fully
exploited due to skills deficiencies. Also, there are
often skills that are too “tacit”—too close to the
“art” end of the art/science spectrum—to be in-
cluded under the technological assets heading.

The assessment of skills proceeds in three steps.
First, what types of skill does the organization have?
What types of degrees do people possess and what
disciplines will the organization need in the future?
What types of experience do people bring to the
task and what types will be needed in the future?
This assessment should include the less visible skills,
in particular, the shopfloor skills necessary for the
deployment of new process technologies. Second,
what level of skill is available in each of these do-
mains and what level will the organization need
in the future? What are the educational and ex-
perience levels of current personnel, and what lev-
els will be needed? Types and levels are both difficule
to assess, but just as with technological assets, the
more difficult step is classifying the relevant types
of skills. This step cannot rely on organizational
charts or personnel classifications. These may serve
as a first cut, but ultimately the organization needs
to refer to its strategic direction and the external
environment of opportunities and threats to know
whether, for example, to classify engineers as me-
chanical and electrical, or as product and process
engineers. Third, what is the organization’s skill
Jormation process? What encouragement is provided
for updating skills, phasing out obsolete skills, and
bringing in new ones?

Of particular importance is an assessment of the
management team’s technical and technology
management skills. Managers lacking technical skills
can be trained in them. It is often helpful to in-
clude in the top management team a technologist
capable of translating between the business and
technical worlds. Technology management skills
are difficult to assess. Does the organization have
the people capable of providing leadership to its
engineers and scientists? Does it have experienced
project managers who can undertake complex and
advanced projects, who have sound technical
judgment and intuition, and who can make the
needed tradeoff decisions? Does it have managers
on the factory floor who understand how to im-
plement new manufacturing automation? Does it
have mechanisms in place to ensure the develop-
ment of these technology management skills?

These assessments need to be conducted at the
aggregate and the work group levels. At the aggre-
gate level, the organization needs to ask questions
such as these: Does the organization have the right
mix of technical and technology management skills?
How effective is the dual ladder (or does the orga-
nization need one)? At the work group level, it is
important to ensure the correct mix of personali-
ties and roles. Ed Roberts and his associates at MIT
have written extensively on the need for a balanced
mixture of “critical functions” in innovative organi-
zations.® The lack of one or more of these func-
tions may seriously reduce the probability of suc-
cessful innovation.

Procedures

* Electro Corporation had well-oiled procedures
for assessing and selecting new products. Having
been in the electronics business for many years,
its managers understood the need for a continu-
ous flow of information, and Electro had thus
streamlined its process for selecting and launching
new products. An engineer with a new idea knew
where to go: Several committees evaluated proposed
products, operating both within and across prod-
uct lines. Electro felt confident that this procedure
for selecting projects would serve it well in its new
business. However, its procedures for controlling
projects were less suited to the new situation. Large,
complex systems would need more complex con-
trol procedures for tracking costs, schedule, and
performance.
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* Munitions Corporation, in contrast, had never
needed a sophisticated planning procedure. Theirs
was a slow-moving business; the decision process
for launching a new product usually lasted several
years and involved dozens if not hundreds of reviews
by different departments. By the time a decision
was made, its rationale and implications were crystal
clear to everybody in the company and to its cus-
tomers. Facing the new era, Munitions managers
understood that their old planning and decision-
making procedures would need to change.

Both Electro and Munitions had developed proj-
ect selection procedures that were well tuned for
the needs of their respective traditional domains.
If Electro’s procedures needed refinement, Muni-
tions’s procedures were going to need substantial
overhaul. Procedures are the “organizational tech-
nology”—the routines through which things are
accomplished. There are two broad classes of proce-
dures: planning and control. Planning procedures
of particular relevance here include technology fore-
casting, budgeting, project selection, and project
management. Control procedures include person-
nel evaluation, organizational performance criteria,
and project control mechanisms. An assessment
should encompass all these types of procedures.*

The key criterion for assessing these procedures
is whether they facilitate or impede organizational
learning. This is a somewhat unorthodox assess-
ment approach. The most common approach is
to focus on whether there is too much or too little
proceduralization, assuming that organizations
more concerned with efficiency need more proce-
dures and that organizations more concerned with
innovation need less, relying on their members’ skills
and other resources. A focus on learning suggests
that the type of procedures is as important a con-
sideration as the degree of proceduralization. Well-
designed procedures can focus employees on the
right issues and minimize the loss of accumulated
learning. The project selection procedure, for ex-
ample, should be designed to encourage the right
mix of creative bottom-up initiative and rigorous
review; otherwise it will become a bureaucratic de-
terrent creating unnecessarily formalistic hurdles
and politicized promotion games.

Structure

* Electro Corporation was organized into pro-
duct-based business units, each with its own engi-
neering function. In addition, it had some central

engineering services including software, packaging,
analog electronics, and power supplies. It had a
strong, centralized manufacturing capability serv-
ing all the business units. Each business unit was
managed as a separate profit center, with consid-
erable autonomy for product-line managers.

¢ Munitions Corporation was also organized by
product line, but not as separate divisions, since
there were common technologies and marketing
tasks across products. Despite its size, the top
management team played the general management
role for each product line and often for specific
products. This centralized form of management
left project and product-line managers with little
authority.

Both Electro and Munitions were going to need
to adapt their organizational structures somewhat.
The basic dilemma in designing organizational
structure is between (a) the need to keep together
people who are focused on the same types of tasks,
50 as to ensure that they remain up to date in that
functional field, and (b) the need for collaboration
across different functions, so as to ensure that
projects do not suffer for lack of timely informa-
tion or appropriate incentives. As suggested by Tom
Allen, the choice of structure depends on the rate
of change of the functional knowledge-base (faster
change indicating great reliance on the functional
dimension), the degree of subsystem interdepen-
dence in the projects, and the duration of the project
assignments (greater interdependence and duration
both indicating greater reliance on the product
dimension).!?

Many organizations find that they need to at-
tend simultaneously to both dimensions. Formal
structures for doing this are called “matrix” struc-
tures. Matrix structures encounter many organiza-
tional and behavioral barriers, and many managers
are therefore reluctant to adopt them.'? But
whether or not matrices are officially recognized
in the organization chart, they are often unavoid-
able; instead of backing away from the matrix form,
organizations should make complementary changes
in other organizational areas that can buttress its
difficulties (e.g., new management skills and proce-
dures, greater strategic consensus, and cultural
integration).

One could also include under structure a sec-
ond component: geographic location. The physi-
cal structure of the organization plays a key role
in enhancing or impeding the informal flow of in-
formation between groups both within and across
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functions.!® Indeed, some firms achieve the goals
of a matrix structure by combining a functional
reporting system with a policy of locating people
from different functions working on the same prod-
uct in the same place. The informal communica-
tion created by doing this can counterbalance the
formal communication channels of the reporting
structure.

The assessment of the structure component is
difhcult because there is no single, correct organiza-
tional design; every design has its strengths and
weaknesses, and its ultimate effectiveness depends
critically on its fit with the four other elements
of the organization. It is useful to remember that
structure influences performance through informa-
tion and incentives. So the two key criteria for as-
sessing structure are: Is the structure facilitating or
impeding the needed communication flow, and is
it creating useful or counterproductive incentives?

Stratcgy

* Electro Corporation’s prior strategy was to
maintain its competitive edge by reacting quickly
to changes in customer requirements and using
the most recent technological developments. This
strategy had made Electro a very attractive sub-
contractor to its customers. Quite different strate-
gic priorities would be needed in the missile sys-
tems business.

* Munitions Corporation had traditionally
thought of itself as specializing in low-cost mass
production with particularly high quality and safety
standards. Munitions emphasized its products’ relia-
bility, long shelflife, and ease of use. In the missile
business, however, Munitions would need to
differentiate its product on additional performance
dimensions. Accuracy, hit-rate, and compatibility
with other systems (airborne, naval, and land plat-
forms) would play a major role in any successful
strategy in the missile domain.

Both companies would need to adapt not only
the content of their strategies but also their strategy
processes. But in what sense is strategy part of the
technological base? The organizational processes
of formulating and implementing strategy and even
the substantive content of that strategy are typi-
cally embedded rather deep in the organizational
fabric of the business. As a result, strategy is often
not amenable to rapid change, top management’s
desires notwithstanding. While some organizations
put a premium on strategic flexibility, and while

such flexibility may be particularly valuable in some
environments,'* flexibility is only one criterion
among others for assessing the strategic element
of the technological base.

We can identify at least two other criteria: fit
and form. Strategies for the various subfunctions
must fit well with each other and with the overall
technology strategy. Many firms have learned over
the last few decades how to elaborate explicit busi-
ness strategies. But so far, despite the burgeoning
literature, few firms have elaborated strategies for
specific subfunctions (such as engineering or manu-
facturing) and even fewer have elaborated effective
cross-functional strategies in areas such as person-
nel or technology. If, as we have argued, the tech-
nology base includes product, process, and sup-
port technologies, then technology strategy must
integrate the strategies of the functions such as R&D,
manufacturing, information systems, and market-
ing that contribute most to developing and deploy-
ing technology.

In order to ensure an adequate fit, the content
of the technology strategy must be reasonably com-
prehensive (without being so obsessively detailed
as to inhibit action). Ten-line strategic statements
have the appeal of conciseness; however, to serve
effectively as a guide to daily decision making, the
technology strategy should be more detailed. Too
often, strategy is seen as an overall direction that
is implemented in a set of projects. This misses a
crucial intermediate step: the policies that can link
the myriad daﬂy decisions about pro;ects and on-
going operations to the overall strategic direction.'®
An effective technology strategy includes a well-
defined set of technology management policies.

In addition, an adequate fit typically requires a
participative process of strategy formulation. The
elaboration of functional strategies draws functional
managers into an active role in the strategy pro-
cess; ensuring that these various functional strate-
gies are compatible requires a high degree of dia-
logue across functions and management levels.

As for the form of technology strategy, the pri-
mary question is whether it should be a detailed
itinerary or a compass heading. Hayes makes a com-
pelling argument that the itinerary form can be
an effective guide only if the environment is sta-
tionary and well known.*® Fewer and fewer indus-
tries offer such easy environments. In a dynamic
environment characterized by a high degree of un-
certainty, flexibility may be very valuable, but the
organization still needs to trace substantive lines
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of development for itself. In a dynamic environ-
ment these lines of development can only be
specified as an overall compass heading. This re-
quires that the management team have real insight
into the nature of the organization’s current and
projected capabilities and into those capabilities’
fit with the evolving market needs. The need for
such insight explains the value, particularly in more
dynamic environments, of strategic focus—a clear
sense of what the organization needs to master and
what it can afford to let others do for it—as op-
posed to unconstrained and unrelated diversifica-
tion.'” The greater the focus and the insight, the

longer the effective strategic planning time-horizon
will be.

Culture

* Electro Corporation had a culture emphasiz-
ing technological leadership. Its engineers followed
the journals in their fields assiduously, closely track-
ing all recent technological advances. They trav-
eled frequently and maintained close contacts with
colleagues in other firms. Committed to respond-
ing rapidly to customers’ needs, they spent consid-
erable amounts of time with their customers—
debugging new systems and jointly identifying new
features and improvements. Electro lacked, how-
ever, a systems integration culture and the kind of
quality and safety standards needed for missile sys-
tems. Its engineers were very good at debugging
and refining subsystems, but few of them had the
experience to sense the location of problems or
improvement opportunities in larger systems, let
alone in the role of these systems in the complete
battlefield situation.
* Munitions Corporation’s culture was tech-
nologically conservative. Munitions emphasized
proven technologies, reliability, and safety. No one
in this company was impassioned by new technol-
ogies. They were, on the contrary, wary of the
dangers of technological change. They appreciated
technologies like vintage wine — for their maturity.
This culture was obviously too conservative to com-
pete effectively in the faster-paced missile market.
The missile market would require them to adopt
new technologies before they were fully proven and
modularize their design to facilitate rapid upgrades.
Culture is usually the most difficult organizational
asset to evaluate, but it was very clear that Muni-
tions’s culture would need to change dramatically.
In defining culture, Schein’s approach is particu-

larly useful.*® Schein distinguishes three levels of
visibility: First there are the visible and tangible
artifacts of an organizational culture (e.g., relative
pay scales and relative office space); second, un-
derlying these artifacts, are the normative values
of the organization; and third, beneath values, are
the different assumptions about how the world
works. An assessment of the cultural element
should explore all three layers.

Two key assessment criteria are particularly use-
ful. First, is the organization sufficiently unitary
or is its culture too segmented?’® A segmented
organization—for example, one in which design
engineers enjoy a higher status than manufactur-
ing engineers—will have great difficulty ensuring
the producibility of its designs and rapid manufac-
turing ramp-up on new products. Innovative or-
ganizations are usually characterized by a unitary
culture that encourages different subunits to act
as a team.

A second criterion is whether the organization’s
culture attributes a high enough priority to
“learning”— continual innovation and improvement.
A company that competes on new product inno-
vation, for example, can ill afford a manufacturing
unit that views dynamic change in product
specifications as an interference to be resisted. The
culture should reflect the company’s strategic pri-
orities, and the evaluation and reward procedures—
elements that reappear here as cultural artifacts—
should reflect those priorities.

External Assets

* Electro Corporation had excellent access to the
units in the Department of Defense that were rele-
vant to its previous product lines, but they had no
relationships at all with the quite different units
responsible for missile systems. They had no ex-
perience in using military test ranges. They didn’t
even know the people in the firms against whom
they would compete. Although these deficiencies
didn't seem particularly serious at first, they turned
out to pose some of the greatest difficulties.

* Munitions Corporation’s relationships with the
Department of Defense and the test fields were well
suited to the missile business. Their close and fre-
quent interaction with weapon systems procure-
ment departments had allowed them to contrib-
ute to the definition of new systems. This would
greatly facilitate their entry into the missile field,
by legitimating them in the eyes of their customer.
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An assessment of technological base should in-

clude external assets. Some of these assets can eas-
ily be identified when one thinks of all the direct
linkages the business has created or could create:
¢ Downstream links to customers: How much
effective access does the organization have to cus-
tomers’ decision makers? And since customers can
provide precious new ideas, how well does the or-
ganization learn from users??°
® Upstream links to materials and component sup-
pliers, equipment vendors, and potentially relevant
sources of scientific and technological knowledge:
The organization should assess whether it has built
appropriate links with the best people and whether
those relations are sufficiently collaborative.
* Horizontal links through alliances, industry as-
sociations, and informal networking: These link-
ages can provide knowledge that fuels the devel-
opment of the organization’s internal technological
assets.?!

Building and maintaining these external links re-
quire, however, an appropriate set of internal or-
ganizational assets. Managing downstream linkages,

for example, requires skills to interpret customers’

comments, procedures to ensure the systematic col-
lection and analysis of field information, organiza-
tional structures to ensure that results of this anal-
ysis flow to the appropriate people and that these
people have some incentive to act on these results,
a strategy that focuses people’s attention on learn-
ing from users, and a cultural context that avoids
the “not invented here” syndrome.

Apart from the linkages that the firm itself cre-
ates, there are less voluntary relations with com-
petitors and the political environment. These re-
lations can, however, make important contributions
to the organization’s technological base, just as they
can severely weaken it. Porter discusses the role
of “good competitors” in improving the company’s
competitive advantage through their potentially
positive effects on industry structure, market de-
velopment, and entry barriers.? It is therefore im-
portant to assess from a technological point of view
the quality and configuration of competitors as well
as the efficacy of the organization’s efforts to
influence its competitors. Technical standards con-
stitute one area that often deserves particularly close
attention in this regard.

In some industries, regulations strongly affect
product innovation (e.g., FDA approval for new
drugs) or the organization's internal operations (e.g.,
EPA or OSHA regulations). Both types of regula-

tion can have a considerable impact on the firm'’s
technical projects and internal assets. The organi-
zation should assess the appropriateness of its in-
ternal compliance policies and the effectiveness of
its relations with the regulators.

Finally, in some industries, the political environ-
ment can play an important role in shaping the
firm’s technological base. Recent years have seen
industry players mobilize to seek protection from
foreign competition—including technologically-
based competition —and to seek government sup-
port for domestic technology development. Eco-
logical concerns can influence the organization’s
technology agenda, and an assessment of relations
with the relevant social movements is often
necessary.?®

Projects

Projects are the means by which the organization’s
technological, organizational, and external assets
are mobilized and transformed. An assessment of
these assets generates a “state” view of technical
activity—the technology balance-sheet; assessing
projects gives a “process” view—the technology
profit-and-loss statement. It is therefore critical to
assess the organization’s project management
strengths and weaknesses.

* Electro Corporation’s project management was
well-tuned to the demands and opportunities of
a rapidly evolving technology universe: fast deci-
sion making, confidence in the integrity of design
choices, quick surfacing of conflicts, willingness to
assume technical risks. Electro’s manufacturing staff
was flexible enough to incorporate incomplete new
product specifications and frequent changes. How-
ever, all of Electro’s project experience related to
small electronic subsystems. Its project management
approach was much less suited to the constraints
of larger interdisciplinary projects. Electro’s man-
agers and engineers saw the management and tech-
nical challenges of these interdisciplinary programs
as a nightmare; their old behavior patterns were
severely stressed by demands for more elaborate
planning and control, higher levels of management
authority, and a greater diversity of engineering
disciplines and problem-solving styles.

* Munitions Corporation excelled at establish-
ing the most efficient, high-quality, safe produc-
tion process for new products based on rather ma-
ture technologies. But they did not have much
experience in selecting or managing projects based
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on newer technologies and necessitating complex
systems engineering. In their traditional domain,
a strong risk-averse attitude was understandable if
not inevitable. Munitions, unlike Electro, had no
experience in investing in technologies that might
or might not bear fruit that, in turn, might or might
not be used in a future project. Everything related
to some specific current project. Munitions's pro-
jects were subject to an elaborate stage-review pro-
cess. Transferring a product into production was
a lengthy process that involved extensive testing for
reliability, safety, and quality. Much of this proj-
ect management approach would be useful for the
new muissile business, but Munitions would need
to adapt that approach to deal with the newer, more
rapidly evolving technologies.

There are two types of criteria for evaluating
projects as part of the technological base — external
and internal. The external point of view evaluates
the project portfolio according to whether it (a)
leverages and (b) enhances the organization’s tech-
nological, organizational, and external assets. Man-
agers should therefore examine the project port-
folio to see whether it adequately reflects the mix
of technology thrusts identified under the techno-
logical assets rubric and whether the projects un-
dertaken reach a happy conclusion as frequently
and as fast as the environment demands.

The internal point of view merits more elabora-
tion. Whether the result of the project is a new
product, a new manufacturing process, or a man-
agement decision, we can identify several logical
phases through which each project progresses. The
project’s actual stages may be less orderly, but one
might still distinguish the following phases: pre-
project, idea generation, evaluation, selection, im-
plementation, and postproject. Each phase requires
assessment.

The preproject phase provides a direct link to
the organization’s technological assets, since it en-
compasses the assessment and mapping of technol-
ogy and products,** as well as the setting of the
“structural context™® and “strategic context™® for
innovation projects. These preproject activities focus
the organization’s attention on certain issues and
opportunities, and thus play a critical role in shap-
ing the subsequent outcomes. The key factor for
effective preproject activities is maintaining links
to external knowledge sources and across internal
boundaries.

Within the project itself—the idea-generation,
evaluation, selection, and implementation phases—

Hayes, Wheelwright, and Clark suggest three key
evaluation criteria:?’

* Organization: Does the project manager have
enough authority to ensure both continuity of re-
source commitments and consistency of decisions
over the whole project? Too often development
projects are defined so narrowly that project
management is split between an R&D manager
responsible for the generation phase and an oper-
ations manager responsible for implementation. If
new products are the organization’s life blood, new
product development projects should be managed
by business managers responsible for the whole
cycle.

* Problem Solving: Is there sufficient trust and
social and technical competence to enable engineers
in different disciplines or working on different parts
of the project to effectively coordinate their
problem-solving efforts? The coordination of prod-
uct design with process design is a'frequent trou-
ble spot. It is still rare for product designers and
process designers to work together to negotiate op-
timal trade-offs (and to discover unforeseen syn-
ergy) between performance, cost, and quality
criteria. The organizational form of the project as
well as the company’s procedures and culture of-
ten inhibit that collaboration, and when product
and process engineers do attempt to collaborate,
they often discover that they lack the needed
problem-solving skills.

¢ Conflict Resolution: When, where, and how
do the inevitable disagreements and conflicts get
resolved? Too often, the productive value of such
conflicts is ignored in the name of organizational
prerogatives. As a result, conflicts are sent up the
hierarchy for resolution, which further politicizes
them, slows down their resolution, and thus de-
lays the project. One technology manager has told
us that he keeps his finger on the pulse of the
conflict resolution process in his organization by
watching the number of projects that are in limbo,
neither scrapped nor moving ahead.

Imai, Nonaka, and Takeuchi suggest a fourth
criterion for evaluating projects— “multi-learning;’
that is, capitalizing on the opportunities created
in the projects for participants to develop new
skills.2®

The organization’s postproject procedure indi-
cates the extent to which it learns from past projects:
Does the organization systematically conduct post-
project reviews? Does it collect data that enables
it to compare current and past projects? How ob-
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jective is the assessment? The key factors for effec-
tive postproject activities are the expectations com-
municated by senior managers and the culture that
rewards good decisions and not just good outcomes.
The organization's project capability can truly be-
come a part of the technological base only if
management commits the organization to “learn-

ing across projects.’

From Assessment to Action

Electro and Munitions’s assessments of their re-
spective technological bases led them to quite dif-
ferent strategic plans for their entry into their new
business.

* Electro Corporation remedied a key techno-
logical weakness by acquiring an optical equipment
company; other technical deficiencies were reme-
died by recruiting new people. The firm deliber-
ately retained its procedures and structure —with
the addition of a new missile division — but, by de-
fault rather than by design, left its strategy con-
cepts and cultures largely unchanged. In order to
remedy the lack of Defense Department relation-
ships, Electro established a joint venture with an
established weapons systems house for marketing
new products and managing the test cycle. This
venture initially encountered some opposition from
the Defense Department, but the opposition was
overcome through an extensive lobbying effort.

* Munitions Corporation established several joint
ventures and subcontracted some particularly
challenging subsystems in order to remedy the
weaknesses in its technological assets. The firm also
recruited technical people in the electronics, com-
puters, radar, and microwave areas. In order to de-
rive the full benefit of these new skills, Munitions
adopted a matrix structure. But the remedies for
weaknesses in strategy, process, and culture were
more difficult to find; management resolved to use
Munitions’s relationships with the partners in joint
ventures and sub-contractors as learning opportu-
nities—to let some of their entrepreneurial habits
rub off on Munitions.

Five years after their move into the missile busi-
ness, both companies have acquired the key tech-
nologies and skills, and have established effective
linkages with partners, customers, and suppliers.
Both, however, are still struggling with systems
integration problems, and they are somewhat be-
hind in their testing schedules. Managers in both
companies are still unsure of themselves in both

strategic and project-level decision making. The
innovation-oriented culture at Electro has impeded
the development of the kind of discipline needed
for complex systems. The efficiency-oriented cul-
ture at Munitions has not changed much despite
daily contact with their new partners, and it has
proven difficult to establish the behavior patterns
needed for high-tech project management.

In this history, Electro and Munitions appear
to fit a pattern we have observed in numerous other
cases. It is a pattern that managers should consider
as they move from assessment to action: Of the
four dimensions we have identified, it is usually —
although not invariably— the organizational assets
that prove to be the limiting element. In contrast,
we find that managers often assume that if the
technological assets are effectively managed, the
others will take care of themselves. However, if the
organizational assets are not appropriate, the right
projects will not be forthcoming or, if they are forth-
coming, they won't be successful. Moreover, among
these organizational assets we have often found a
hierarchy:

e Skills. The skill base will have the most direct
affect on the organization’s goals. Do the person-
nel have the skills required to effectively select, de-
velop, operate, and maintain the technological
assets?

® Procedures. Whether or not skills are effectively
deployed will depend on prevailing procedures, in
particular the procedures for coordinating across
different functional departments.

¢ Structure. Whether these procedures—which
prescribe certain roles— are effectively implemented
or degenerate over time will depend on their con-
gruence with the incentives created by the organiza-
tional structure. What specialized departments have
been established? To whom do they report?

e Strategy. These structures in turn will evolve
to reflect the priorities embodied in the organiza-
tion’s strategy. What are the competitive priorities
of the firm? How are they formulated? How are
they translated into resource allocation?

* Culture. And underlying these priorities, we of-
ten find culture —the values and assumptions that
bind the organization and give it continuity over
time.

This hierarchical order helps us understand two
key characteristics of the dynamics of change in
the technology base. First, the greater the magni-
tude of the change in technological assets that the
organization secks to effect, the higher in the hier-
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archy the organization needs to make adaptions.*
Simple technological refinements typically require
modest changes in skills and procedures. More sub-
stantial technological changes, on the other hand,
typically call for organizational changes not only
in skills and procedures, but also in structure and
strategy. And radical technological changes—such
as those undertaken by Electro and Munitions—
usually call for changes in all five levels, including
culture.

The second key characteristic of change is its rate:
The lower levels of organizational learning are typi-
cally amenable to faster change than the higher
levels; the higher levels are more “viscous” New
skills can be recruited in a matter of weeks or
months. New procedures typically take several
months to develop and implement. Although new
organization charts can be drafted overnight, get-
ting the organization to work effectively in the new
structure usually takes six months to a year. New
strategies can be decreed, but effectively mobiliz-
ing the organization to implement them typically
requires personnel shifts and changes in structure
and incentives, usually taking a year or more. And
culture, if it is manageable at all, usually takes sev-
eral years to change. Electro and Munitions, still
struggling to reorient their strategies and cultures
to their new technological and business environ-
ment after five years of intensive activity, are good
examples of the viscosity of the various organiza-
tional assets (see Figure 2).

Figure 2

Dynamics of Organizational Change
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There are, of course, exceptions, but more rapid
change in the organizational fabric can be effec-
tive only in exceptional circumstances. For exam-
ple, in the mid-1980s, a large, New York-based
financial services firm that had been plagued by
poor processing performance realized the urgency
of completely overhauling its back-office techno-
logical and organizational assets and its new sys-
tem development project capability. The firm’s
managers could see that the magnitude of change
they were seeking would not only necessitate
changes in equipment, skills, and procedures, but
would also require a major transformation of the
organization’s structure, strategy, and culture. So
they decided to replace the entire operation’s top
management team, nearly half the other managers,
and one-third of the employees. The change proved
highly effective, but it still took over two years to
digest. Even this two-year time span was only pos-
sible because the firm was located in Manhattan,
where there is a large pool of experienced finan-
cial industry operations talent, and because pro-
cessing commercial paper is a well-established “fac-
tory” activity with an exceptionally well-defined
technology. And it is not obvious what level of en-
thusiasm the management team will find when they
announce plans for the next major systems upgrade!

This exception thus proves the rule: Companies
that want to capitalize on technology’s ability to
make a positive contribution to their performance—
rather than seeking merely to minimize technol-
ogy's negative impact — need to carefully assess the
strengths and weaknesses of their technological base
as well as the time it takes to remedy those weak-
nesses and build new strengths. ®
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